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Cardiac Resynchronization Therapy for
Congestive Heart Failure
Lexin Wang
School of Biomedical
\

Sciences, Charles Sturt

University,

New South Wales, Australia

Abstract: Congestive heart failure (CHF) is a leading cause of morbidity and mortality worldwide. Many CHF patients have intraventricular conduction delays such as right or left bundle branch block or non-specific QRS widening
on the body surface ECG. Intraventricular conduction delays cause dyssynchrony of the ventricles, leading to regional
movement abnormalities and worsening of cardiac function. Recent clinical trials have indicated that cardiac resynchronization therapy improves cardiac function class, exercise tolerance, maximum oxygen consumption and quality
of life in patients with moderate to severe heart failure. It is also associated with a significant reduction in mortality
and hospital admissiotls for heart failure. [Life Science Journal. 2006; 3( 1): 1 - 4] (ISSN: 1097 - 8135).

~

Keywords: heart failure; cardiac resynchronization therapy; cardiac electrophysiology

1
\

.

L

l

~

~

Introduction

Congestive heart failure (CHF) is a common
cardiovascular disease and a leading cause of morbidity and mortality around the world. Despite major advances in pharmacological therapy in the past
2 decades, CHF is still associated with a high morbidity and mortality rate (The CONSENSUS Trial
Study Group, 1987; Bristow, 2000).
Recently,
the effects of cardiac resynchronization therapy, or
biventricular pacing, on heart failure have been investigated in a number of clinical trials (Leclercq,
1998; Alonso,
1999; Auricchio,
1999; Gras,
1998; Leclercq,
2000;
Etienne,'
2001;
Lau,
2000; Cazeau, 2001; Braunschweig,
2000; Abraham, 2002 ; Higgins, 2003; Bristow, 2004; Cleland, 2005). The rationale for the resynchronization therapy is that many of the heart failure patients have intraventricular conduction delays, leading to poor coordination of ventricular contraction
and relaxation (dyssynchrony)
and worsening cardiac function ( Farwell, 2000; Aaronson,
1997 ;
Shenkman, 2002; Xiao, 1992; Littmann, 2000).
Results from major clinical studies have
demonstrated that cardiac resynchronization
therapy provides significant improvement
in cardiac
function,
exercise tolerance and quality of life
(Leclercq, 1998; Alonso, 1999; Auricchio, 1999;
Gras, 1998; Leclercq, 2000; Etienne, 2001; Lau,
2000;
Cazeau,
2001 ; Braunschweig,
2000) .
MIRACLE trial, one of the largest clinical trials on
cardiac resynchronization
therapy,
presents some
convincing evidence on the efficacy of cardiac
resynchronization
therapy in treating moderate to

severe CHF (Abraham, 2002). However, no clear
benefits on short-term mortality are observed in the
study.
Two recent trials,
the COMPANION
(Bristow, 2004) and CARE-HF (Cleland, 2005),
have demonstrated
that cardiac resynchronization
therapy, with or without implantable defibrillator,
not only improves patient's
quality of life but also
reduces the mortality in short- and medium-term.
The primary aims of this paper are to review the
most recent landmark clinical trials and evaluate the
therapeutic effects of cardiac resynchronization
on
CHF.
2

Rationale
py

of Cardiac Resynchronization

Thera-

Intraventricular
conduction delays, such as
right or left bundle branch block (RBBB or
LBBB), or non-specific wide QRS complex, occurs
in more than 20% of patients with CHF (Farwell,
2000; Shenkman, 2002). Such conduction delays
are the primary causes of dyssynchrony of the ventricles. They have a negative impact on the failing
heart to eject blood and are major contributors of
worsening clinical symptoms.
QRS duration is
closely related to the level of ejection fraction, the
wider the QRS duration,
the lower the ejection
fraction (Shenkman, 2002). LBBB alone is associated with a 13 % increase in the left ventricular
end-systolic diameter and 40 % reduction in left
ventricular
ejection
fraction.
Left ventricular
dyssynchrony also enhances the severity of the mitral regurgitation
in CHF patients (Xiao, 1992;
Li ttmann, 2000; Saxon, 1998; Kerwin, 2000).
Furthermore,
intraventricular
conduction de-
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lays have been found to correlate with an increased
risk of death in CHF patients (Xiao, 1996;
Shamim, 1999; Hesse, 2001). The highest 5-year
mortality has been found in those with QRS duration between 120 - 140 ms (Shenkman, 2002 ) .
Both LBBB and RBBB are associated with elevated
and equal all-cause mortality rates in a general population (Hesse,2001).
The current indications for cardiac resynchronzation therapy are that patients are in New York
Heart Association class ill or N despite standard
pharmacological therapy, with a left ventricular ejection fraction of less than 35 per cent and left ventricular end-diastolic dimension of at least 30 mm
( Cleland, 2005). The duration of QRS complex
must be more than 120 ms. Additional criteria to
be met are an aortic pre-ejection delay of more than
140 ms, an interventricular mechanical delay of
more than 40 ms or delayed activation of the posterolateral left ventricular wall (Higgins, 2003;
Bristow, 2004; Cleland, 2005).
Currently, resynchronization is achieved by
pacing or sensing the right atrium, pacing the right
and left ventricles. This involves the positioning of
pacing leads into the right atrium, right ventricle
and the left ventricle, respectively (Wang, 2003).
The positioning of left ventricular pacing lead is the
key for a successful resynchronization therapy.
This is achieved by inserting a pacing lead into one
of the distal coronary venous branches where the
left ventricle is paced from the epicardium. The
pacing locations for the best hemodynamic outcomes are the lateral or posterolateral left ventricular walls (Wang, 2003).
There is a considerable variability in the presence, diameter, angulation and tortuosity of coronary veins (Meisel, 2001). For this reason the
coronary veins must be studied by injecting contrast
media into the coronary sinus before the positioning
of left ventricular lead. Overall, the success rate for
implantation of left-sided leads ranges from 75 % to
93% (Leclercq, 1998; Alonso, 1999; Auricchio,
1999; Gras, 1998; Leclercq, 2000; Etienne, 2001;
Lau, 2000; Cazeau, 2001; Braunschweig, 2000;
Abraham, 2002; Higgins, 2003; Bristow, 2004;
Cleland, 2005).
Color tissue Doppler imaging (TDI) has emerged as a noninvasive tool for selection of proper
left ventricular pacing sites and for evaluation of
myocardial contraction synchrony. TOT has been
proven useful in detecting quantitatively the regional systolic and diastolic times and velocities within
the myocardium (Hatle, 2000). TDI is able to accurately identify the ventricular site of most delayed
activation (Ansalone, 2002). Pacing from these

most delayed sites results in the greatest improvement in ventricular resynchronization and ventricular function (Ansalone, 2002).
Cardiac resynchronization therapy is generally
well tolerated by patients. However, implantation
and maintenance of biventricular pacing devices are
associated with greater risks than a conventional
pacing device. Apart from the common adverse effects seen in a pacemaker implantation, a very
small proportion of patients ( < O. 1%) undergoing
cardiac resynchronization procedure develop complete heart block that requires permanent cardiac
pacing, or progressive hypotension or asystole during the procedures (Abraham, 2002).
Other major adverse effects include coronary
sinus dissection (4 %) and cardiac vein or coronary
sinus perforation (2 %) (Abraham, 2002). After
implantation, approximately 6 % - 11 % of the patients require repositioning or replacement of the
left ventricular lead due to lead dislodgement during
long-term pacing (Abraham,2002;Alonso, 2001).
However, this complication does not result in the
discontinuation of treatment in any patient.
3

Effects of Cardiac Resynchronization Therapy

The primary goals of any heart failure treatment are to improve the length or quality of the
patient's life. Trials of cardiac resynchronization
therapy have shown improvements in functional
status of the heart, the distance patients can walk
in 6 min, and hospital admission for heart failure
(Braunschweig, 2000; Abraham, 2002; Higgins,
2003; Bristow, 2004; Cleland, 2005). Cardiac
resynchronization therapy also reduces left ventricular end-systolic diameter, and increases stroke volume and thus, cardiac output and ventricular systolic function (Leclercq, 1998; Alonso, 1999; Auricchio, 1999; Gras, 1998). There is also an increase in the systolic and pulse pressure, and a decrease in pulmonary wedge pressure (Leclercq,
1998; Alonso, 1999; Auricchio, 1999; Gras,
1998). The acute hemodynamic benefits of the cardiac resynchronization are largely due to improved
septal contribution to ventricular ejection, increased
diastolic filling times, and reduced mitral regurgitation. Another important and unique benefit of
resynchronization therapy is that biventricular pacing acutely enhances systolic function but modestly
lowering myocardial oxygen consumption (Nelson,
2000). Most other heart failure therapy, however,
increase energy cost of the myocardium while enhancing systolic function.
MUSTTC study (Linde, 2002) was a randomised, crossover clinical trial where patients un-
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derwent 3 months' active pacing then switched to a
non-pacing period of three months. It was found
that patients' exercise capacity improved only during active pacing period, with a more than 23 % increase in 6-min walking distance.
The clinical
symptoms were improved by 32 % during active
treatment and the maximal oxygen consumption
was up by 8 % .
MUSTIC study (Linde, 2002) also investigated the long-term effects of cardiac resynchronization therapy in patients with sinus rhythm and
those with atrial fibrillation. At the end of the 12month active pacing period, there was a significant
improvement in 6-min walk distance, peak oxygen
consumption and the quality of life. The NYHA

class improved by 25 % - 27 % and the ejection
fraction was up by 4 % 5 % (Linde, 2002). Mi-

~

'"

~

tral regurgitation
in these patients was almost
halved at the end of the trial. These data indicate
the clinical benefits of cardiac resynchronization can
be maintained for at least 12 months.
MIRACLE trial randomized 228 patients to
biventricular pacing therapy and 225 to a placebo
control arm for six months (Abraham,
2002). All
patients were in normal sinus rhythm and had an ejection fraction of less than 35 % . Compared with
the control group, patients. assigned to cardiac
resynchromzation
experienced an improvement in
the distance walked in 6 min, NYHA functional
class and quality of life (Abraham,
2002). The
time on the treadmill exercise testing and the ejection fraction were also improved during active pacing periods. Furthermore, patients treated with cardiac resynchronization
required less hospitalisation
or intravenous medication for heart failure (Abraham, 2002). However, the clinical benefits were
observed on only about two thirds of the patients
received the resynchronization
therapy.
Furthermore, although the overall cardiac event rate was
40 % lower in the cardiac resynchronization group,
the mortality rate was similar between the pacing
and control groups in the first 6 months of therapy
(Abraham, 2002).
The CARE- HF trial is the largest trial so far,
to assess the effect of cardiac resynchronization
therapy on mortality rates in short- and mediumterm (Cleland, 2005). A total of 813 patients were
enrolled and followed for more than 29 months. At
the end of the study, the mortality rate in the cardiac resynchronization
therapy
and medication
group was 20 % and 30 %, respectively, indicating
that resynchronization reduces mortality more than
2 years after the treatment.
As compared with
medical therapy, cardiac resynchronization reduced
the interventricular mechanical delay, the end-sys-

Therapy

tolic volume index and the area of the mitral regurgitant jet (Cleland,
2005).
There was also a
greater increase in ejection fraction, improvement
in quality of life and symptoms in the resynchronization group (Cleland, 2005).
Another major trial , COMPANION, compared
the effect of drug therapy, cardiac resynchronization, and cardiac resynchronzation plus implantable
defibrillator on mortality and hospital admission in
1,250 patients (Bristow,
2004). Compared with
the drug therapy group, the risk of the combined
end point of death or hospitalization for heart failure was reduced by 34 percent in the resynchronization group and by 40 percent in the resynchronization-defibrillator group (Bristow, 2004). These results suggest that a combination of resynchronization therapy and implantable defibrillator offers further survival benefits for patients with severe CHF.

4

Conclusions

Cardiac resynchronization therapy offers a new
approach for treating patients with ventricular
dyssynchrony and moderate to severe heart failure.
Clinical trials have demonstrated
that this new
therapy improves patient's
symptoms,
quality of
life and short- to medium-term survival. However,
up to 30 % of patients who receive resynchronization devices will not show clinically significant responses to this therapy. Given the significant costs
associated with the therapy, it is important to have
further studies to establish measures of identifying
the non-responders
before the therapy is implemented.
.

Correspondence to:
Lexin Wang, MD, PhD.
School of Biomedical Sciences
Charles Sturt University
Wagga Wagga, NSW Australia.
Telephone : 612-6933- 2909
Fax: 612-6933-2587
Email: lwang@csu.edu.au
References
1. Aaronson KD, Schwartz JS, Chen TM, et al. Development and prospective validation of a clinical index to predict survival in ambulatory patients referred for cardiac
transplant evaluation. Circulation 1997; 95: 2660 - 7.
2. Abraham WT, Fisher WG, Smith AL, et al. Cardiac

. 3 .

resynchronization

in chronic

heart

failure.

N Engl

J Med

2002; 346: 1845 - 53.
3. Alonso C, Leclercq C, Victor F, et al. Electrocardiographic predictive factors of long-term clinical improvement with multisite biventricular pacing in advanced heart
failure. AmJCardio11999;
84:1417-21.
4. Alonso C, Leclercq C, d' Allonnes FR, et al. Six years

..
r

~

J
I
I

Life ScienceJournal, 3 ( 1 ) ,2006, Wang, C:lrdiacResynchronization Therapy

experience of transvenous left ventricular lead implantation for permanent biventricular pacing in patients with
advanced heart failure: technical aspects. Heart 2001;
86:405 -10.
5.Ansalone G, Giannantoni P, Rici R, et a!. Doppler myocardial imaging to evaluate the effectiveness of pacing
sites in patients receiving biventricular pacing. J Am Coli

Cardiol 2002; 39: 489 99.
-

6. Auricchio A, Stellbrink C, Block M, et al. Effect of
pacing chamber and atrioventricular delay on acute systolic function of paced patients with congestive heart failure. Circulation 1999; 99:2993
3001.
-

in heart failure.

2000; 2:399

-

J

Heart Fail

406.

8. Bristow MR. Beta-adrenergic receptor blockade in chronic
heart failure. Circulation 2000; 101: 558 69.
9. Bristow MR, Saxon LA, Boehmer],
et al. Cardiacresynchronization therapy with or without an implantable
-

defibrillator

in advanced

chronic

heart

failure.

N Engl

J

Med 2004; 350:2140-50.
10. Cazeau S,Leclercq C,Lavergne T, et a!. Effects of multisite biventricular pacing in patients with heart failure and
intraventricular conduction delay. N Engl J Med 2001;

344 :873 - 80 .
11. Cleland JG, Daubert JC, Erdmann E, et al. Cardiac
Resynchronization-Heart Failure (CARE-HF) Study Investigators. The effect of cardiac resynchronization on
morbidity and mortality in heart failure. N Engl J of Med

23:

1722 - 25.

t
,

20. Leclercq C, Cazeau S, Le Breton H, et a!. Acute hemodynamic effects of biventricular DDD pacing in patients
with end-stage heart failure. J Am ColiCardiol1998; 32:

1825 31.
-

21. Leclercq C, Cazeau S, Ritter P, et a!. A pilot experience
with permanent biventricular pacing to treat advanced
heart failure. Am Heart J 2000; 140: 862 - 70.
22. Linde C, Leclercq C, Rex S, et a!. Long-term benefits
of biventricular pacing in congestive heart failure: results
from the MUltisite STimulation in cardiomyopathy

(MUSTIC) study. J Am Coli Cardiol2002; 40: 111 - 8.

7. BraunschweigF, Linde C, Gadler F, et al. Reduction of
hospital days by biventricular pacing. Eur

Pacing Clin Electrophysiol 2000;

J

23. Littmann L, Symanski JD. Hemodynamic implications of
left bundle branch block. J Electrocardiol 2000; 33: Suppi: 115 - 21.
24. Meisel E, Pfeiffer D, Engelmann L, et a!. Investigation
of coronary venou,s anatomy by retrograde venography in
patients with malignant ventricular tachycardia. Circulation 2001; 104: 442 - 7.
25. Nelson GS,Berger RD, Fetics BJ, et a!. Left ventricular
or biventricular pacing improves cardiac function at diminished energy cost in patients with dilated cardiomyopathy and left bundle-branch block. Circulation 2000;
102:3053 - 9.
26. Saxon LA, Kerwin WF, Cahalan MK, et a!. Acute effects of intraoperative multisite ventricular pacing on left
ventricular function and activation/contraction
sequence
in patients with depressed ventricular function. J Cardio-

2005; 352: 1539 49.

J
J
I

f

,,

1

vasc Electrophysiol1998; 9: 13 - 21.

-

12. Etienne Y, Mansourati J, T ouiza A, et a!. Evaluation of
left ventricular function and mitral regurgitation during
left ventricular-based pacing in patients with heart failure. Eur J Heart Fail 2001; 3:441-7.
13. Farwell D, Patel NR, Hall A, et al. How many people
with heart failure are approp;iate for biventricular resyn-

chronization? Eur Heart J 2000; 21:1246- 50.
14. Gras Dr Mabo P, Tang T, et a!. Multisite pacing as a
supplemental treatment of congestive heart failure: preliminary results of the Medtronic Inc. InSync Study.
Pacing Clin Electrophysiol1998;
21:2249-55.
15. Hade L, Sutherland GR. The Gruntzig lecture: regional
myocardial function: a new approach. Eur Heart J 2000;
21:337-57.
16. Hesse B, Diaz LA, Snader CE, et al. Complete bundle
branch block as an independent predictor of all-cause mortality: report of 7,073 patients referred for nuclear exercise testing. Am J Med 2001; 110:253 9.
17. Higgins SL, Hummel JD, Niazi IK, et al. Cardiac
resynchronization therapy for the treatment of heart failure in patients with intraventricular conduction delay and
malignant ventricular tachyarrhythmias. J Am Coli Cardio12003; 42: 1454 - 9.
18. Kerwin WF, Botvinick EH, 0' Connell JW, et al. Ven.
tricular contraction abnormalities in dilated cardiomyopathy: effect of biventricular pacing to correct interventricular dyssynchrony. J Am ColiCardiol2000; 35: 1221-7.
-

27. Shamim W, Francis DP, Yousufuddin M,et a!. Intraventricular conduction delay: a prognostic marker in chronic
heart failure. Int J Cardiol 1999; 70':171 - 8.
28. Shenkman HJ, Pampati V, Khandelwal AK, et a!. Congestive heart failure and QRS duration: establishing prog-

nosis study. Chest 2002; 122: 528 - 34.
29. The CONSENSUS Trial Study Group. Effects of
enalapril on mortality in severe congestive heart f~ilure:
results of the Cooperative North Scandinavian Enalapril
Survival Study (CONSENSUS).
N Engl J Med 1987;

316: 1429 - 35.
30. Wang LX. Cardiac resynchronization therapy in congestive heart failure: the state of the art and perspectives. Ex-

per Clin Cardiol2003; 7: 212 - 5.
31. Xiao HE,Brecker SJ ,Gibson DG. Effects of abnormal activation on the time course of the left ventricular pressure
pulse in dilated cardiomyopathy. Br Heart J 1992; 68:
403 - 7.
32. Xiao HE, Roy C,Fujimoto S,et a!. Natural history of abnormal conduction and its relation to prognosis in patients
with dilated cardiomyopathy. Int J Cardiol 1996; 53: 163
-70.
33. Nelson GS,Berger RD, Fetics BJ, et a!. Left ventricular or
biventricular pacing improves cardiac function at diminished energy cost in patients with dilated cardiomyopathy
and left bundle-branch block. Circulation 2000; 102:

19. Lau CP, Yu CM, Chau E, et al. Reversal of left ventricular remodelling by synchronous biventricular pacing

. 4 .

3053 - 59.

..

f

-

~

!

II-

Received November 1 ,2005

.
,

-

r

[
,

I

j

rI
.

I

I

,

,~

r
I

~
I

Life ScienceJournal, 3 (.1) ,2006, Sun, et aI, Low Level of B-type Natriuretic Peptide
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Abstract: Background. B-type/brain natriuretic peptide (BNP) is released from the cardiac ventricles in response to
increased wall tension. Elevated circulating BNP in heart failure (HF) usually indicates. poor outcome and compensation. In advanced chronic HF, however, low level of BNP may reflect an impaired neurohormonal response. The
primary aim of present study was to investigate the prognostic value of low BNP level in advanced heart failure patients. Materials and Methods. 50 advanced HF patients with New York Heart Association (NYHA) functional
class ill and N were enrolled in this study. Their blood BNP level were measured by Biosite Triage BNP test on admission and they were followed-up for 12:t 2 month after hospital discharge. Results. Cardiovascular mortality during follow-up was 24%. BNP levels were lower in patients who died (501:tn
vs. 877 :t 89 ng/L, P<O. 01).
After adjusted for age, sex, duration of HF, left ventricular ejection fraction, serum creatinine level and drug therapy (including ~-blocker, angiotensin-converting enzyme inhibitor, digoxin, diuretics and intraveno!-ls vasoactive
medications), logistic stepwise regression analysis showed that lower BNP level «520
ng/L) on admission was an
independent predictor of cardiovascular mortality in advanced HF patients (OR = 1. 21, 95 % confidence interval
O. 56 ~ 2.32, P < O. 01). Conclusions. Cardiac natriuretic peptide system can no longer contribute adequately to
neurohormonal compensation and that paradoxically low BNP level is an adverse prognostic marker in advanced HF.
[Life Science Jouma\. 2006; 3( 1) : 5 - 8] (ISSN: 1097 - 8135) .
Keywords: B-type /brain natriuretic peptide; heart failure; prognosis; mortality

moto,

1997).

However,

some patients with symp-

tomatic chronic HF can have" nonnallevel"

B-typelbrain natriuretic peptide (BNP) is a
peptide honnone released from cardiac ventricles in
response to myocardial stretch or increased wall
tension (Sun, 2005). Circulating levels of BNP are
elevated in patients with heart failure (HF) and
represent the activation of initially beneficial compensatory mechanisms (Sun, 2005). In addition,
levels of BNP can be used to confinn the diagnosis
and to aid in the assessment of prognoses in patients
with HF (Sun, 2005; Lainchbury, 2003; Multinational, 2002; Anand, 2003; Anand, 2003;
Tsutamoto, 1997). It is generally accepted that
high level of BNP indicates an increased risk for a
poor prognosis and that low circulating level reflect
more stable compensation or effective treatment
(Sun, 2005; Anand, 2003; Anand, 2003; T suta-

«

100

ng/L) of BNP (McGeoch,
2002 ; Tang, 2003).
Recently, a small sample study suggested that lower BNP level could predict higher mortality in advanced HF patients because their neurohonnonal
systems can no longer maintain the higher levels
needed for hemodynamic compensation
(Miller,
2005; Packer, 2003).
The primary objective of
this study' was to assess the association between
BNP level and clinical outcomes in advanced HF patients with New York Heart Association (NYHA)

class

III

and

N.
L.

2

Materials and Methods

2. 1 Patients
A total of 50 patients with NYHA class

N
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chronic HF from August 2003 to December 2004
were enrolled in this study. Male 34, female 16, age
65::t 9(range from 24 to 78). The inclusion criteriaes were a history of HF more than 2 years and left
ventricular ejection fraction (L VEF)
less than
40 %. The exclusion criteriaes were severe renal
dysfunction, cancer and died during hospitalision.
All the patients received intravenous diuretics and
vasoactive agent during hospitalision.
The discharged from hospital when symptoms were relief
and stabilization. We followed up once every month
during the first three months and then once every
quarter.
The total follow-up time was 12 ::t 2
(range from 2 to 24) months. They were divided
into two groups according to the results of followup.
2.2
Measurement of circulating BNP level

A point-of-care test of fluorescence immunoassay for the quantification of BNP was used (Biosite
Diagnostics Inc, USA), 2 ml of intravenous blood
was collected within 24 h of admission and BNP
was determined within 20 minutes. The range of
measurement was 5 - 5 000 ng/L.
2.3 Echocardiogram examination
A GE VIVID-7 echocardiograph (GE company, USA) were used. All the enrolled patients accepted echocardiograph examination by the same echocardiographer. Left ventricular ejection fraction
(L VEF) and left ventricular end-diastolic dimension (L VEDd) were measured from the apical fourchamber view.
2. 4 Statistical analysis
Table 1.
Group

Nonsurvival
(n = 12)
Survival
( n = 38)
Group

Nonsurvival
(n = 12)
Survival

( n = 38)

I

Peptide

Numerical variable were presented by mean ::t
standard deviation (SD) and analyzed with student
t test. Categorical variable were tested with X2 test
analysis. All data were analyzed by SPSS 10.0 and
a value of P<0.05
was considered statistically significant.

3

Results

I

I

iI
I

1

The BNP levels and the LVEF of all the patients were 520 ::t270 nglL (range from 78 to 3400
ngIL) and 26% ::t2 % (range from 15 % to 35 %),
respectively. The cardiovascular mortality rate was
24 % during follow-up (12 patients died). There
were no statistical difference about the clinical characteristics and therapy between the non-survival
and the survival except for diastolic blood pressure
(lower in the non-survival)
and serum creatinine
(higher in the non-survival) (Table 1). The BNP
level was significantly lower in the non-survival
than that in the survival (501 ::t 72 nglL vs. 877
::t 89 ng/L, P < 0.01).
After adjusted for age,
sex, duration of HF, left ventricular ejection fraction, serum creatinine level and drug therapy (including ~-blocker, angiotensin-converting
enzyme
inhibitor, digoxin,
diuretics and intravenous vasoactive medications),
logistic stepwise regression

analysis showed that lower BNP level «
520
ngIL) on admission was an independent predictor
of cardiovascular mortality in advanced HF patients
( OR = 1. 21, 95 % confidence interval O. 56
2. 32,P<0. 01).
-

1

i
f

I
I
I

The comparisonof clinicalcharacteristics, therapy and BNP level between the non-survivaland the survival Duration
HR
Male
Cause of HF
BP (mmHgL
Age
LVEF
of HF
SBP
DBP
DCM
ICM
(bpm)
(m)

67 :t 6

7

5

7

60 :t 10

121 :t 5

58 :t 2

78 :t 3

24 :t 2

66 :t 5

25

13

25

54 :t 9

116:t6

65 :t 3"'"

88 :t 4

25 :t 2

I
BNP
(ng/L)

Urine output
(ml)

Serum
creatinine
(mg/dl)

-bolcker

ACEI

501 :t 72

1400 :t 360

2. 1 :t O.20

9

10

877 :t 89"'"

1300 :t 350

1. 7 :t O. 13"'"

27

29

Therapy
Nitrates

1

Digosin Frusemide

12
38

""'P<O.O1. BP:blood pressure: SBP:systolic blood pressure: DBP:diastolic blood pressure: LVEF:left
fraction; ACEI: angiotensin-converting enzyme inhibitor

8

12

25

L

38

ventricular ejection

I

. 6 .

\
t

-

t
I

~
Life Science Journal, 3 (1 ) ,2006,

~

Sun, et al , Low Level of B-type Natriuretic Peptide

.
4

indicated that end-stage HF patients were treated
with nesiritide, and the BNP level before and after
nesiritide treatment were much lower in the non-

Discussion
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The physiological mechanism of HF is excessively activation of neuroendocine systems such as
sympathetic 'nerve system (SNS)
,rennin-angiotensin-aldosterone-system (RAAS) and endothelin system(Sun, 2005). The physiological function
of BNP includes vasodilation, natriuresis, diuresis,
and inhibits both RAAS and SNS (Sun, 2005).
The activation of natriuretic peptides system is a rational compensation (Sun,
2005; Lainchbury,
2003; Multinational Study Investigators, 2002 ;
Anand, 2003;Tsutamoto, 1997). Recombined human BNP-nesiritide had been used for treatment in
HF patients and had a better effect than positive inotropic therapy (Caclucci, 2000; The UMAC Invetigators, 2002; Abraham, 2005). Numerous
clinical studies revealed that circulating BNP increased in HF patients and were positively related
to mortality (Lainchbury, 2003; Multinational
Study Investigators, 2002; Anand, 2003; Tsutamoto, 1997). It served as independent predictor of
poor prognosis in cardiovascular disease (Anand,
2003; T sutamoto, 1997). But we followed up 50

survival than that in the survival. All the patients'
BNP level were significantly increased after nesiritide treatment.
Present study was partly coincidence with Miller' study.
The lower concentration of BNP may reflect a
loss of the ability to synthesize and release BNP in
amounts of sufficiency and maintain effective neurohormonal compensation;
or the BNP clearance
and/or degradation is up regulated in end-stage HF
(Packer, 2003; Andreassi, 2001; Alimirez, 1999;
Deschodt-Lanckman,
1989).
Increased levels of
the neutral endopeptidases that degrade BNP have
been described in patients with end-stage renal dysfunction (Deschodt-Lanckman,1989)
and may be a
common mechanism in patients with HF, given the
relative severity of renal dysfunction observed in the
patients in this study.
These observations support the hypothesis that
at some point in the progression of advanced HF,
neurohormonal systems in HF are unable to provide
adequate levels of the natriuretic hormones to maintain hemodynamic compensation. This could be due
to reduced synthesis and secretion, increased degradation, and/or clearance or other additional factors
not yet clearly understood (Packer,
2003).
Regardless of the cause, it suggests that the inability
to maintain high cardiac natriuretic peptide levels in
the setting of hemodynamic compromise is an adverse prognostic indicator (Packer, 2003).
The clinical value of present study is that,
with the dramatically clinical use and study of measuring BNP, the clinical cardiologists should not
over-depend on the results of BNP measurement in
the diagnosis, monitoring therapy and risk stratification in patients with HF. They should evaluate
the disorder comprehensively and tightly integrate
with clinical findings. End-stage HF patients with
lower BNP level reflects exhausion of natriuretic
peptides. This also provides theoretical foundation
for human recombined BNP-nesiritide used as an agent for HF treatment.
The samples of this study were relatively
small, so the selection bias may exist. Furthermore, We did not measure atrial natriuretic peptide
in this group of patients. So, the result of this
study need large samples,
multi-center,
double
blind clinical trials to confirm. The relationship between natriuretic peptides and pathogenesis, progression and prognosis of HF need further research
to elucidate.

NYHAill- N patients with a HF history of more
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than 2 years for 12 months. Finally we concluded
that the BNP level of non-survivals were significantly lower than that of survivals. Multiple variable analysis demonstrated that lower BNP level on
admission was an independent risk factor of mortality. This was contrary to many previous studies
(Anand,2003;Tsutamoto,
1997).
In 2002, McGeoch and his coworkers ( 2002)
found that among patients with. LVEF of below
45% and receiving long-term treatment, 19% of
them had a BNP level below 35 pmol/L ( = 128
ng/L). In 2003, Tang and his coworkers (2003)
studied 558 ambulatory patients with chronic, stable systolic HF (L VEF < 50 % ). They finally
found that among the 498 symptomatic (NYHA
functional class II- ill) patients, 106 (21. 3 %) had
plasma BNP levels in the "normal" diagnostic range
«
100 ng/L) ;60 patients were considered asymptomatic, and their plasma BNP levels ranged from 5
to 572 ng/L (median, 147 ng/L) (Tang, 2003).
This suggested that natriuretic peptides system has
been activated during the compensation stage of
HF. However, in the decompensation stage of HF,
a part of patients had "normal" BNP level (Tang,
2003). The author believed that it was the result of
aggressive therapy. They did not follow-up for
prognosis, but the author accepted the opinion of
lower BNP level with a better clinical outcome
(Tang, 2003). In 2005, Miller's study (2005)
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7. Lainchbury JG, Campbell E , Frampton CM, et al. Brain
natriuretic peptide and N- terminal brain natriuretic peptide in the diagnosis of heart failure in patients with acute
shortness of breath. J Am Coli Cardiol 2003; 42 (3) :728
-35.
8. McGeoch G, Lainchburyb J, Towne GI, et al. Plasma
brain natriuretic peptide after long-term treatment for
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HCV RNA viral load in the former group was lower (median 2. 1 X lOs :t O. 4) than in the latter group (median
2. 9 X lOs :t O. 5) but the difference was statistically insignificant (P > O. 05) . Histopathologic examination of liver
biopsy specimens by light and EM revealed no significant difference in the grade of periportal, portal and intralobular
necroinflammation and in the stage of fibrosis. No virus particles or any characteristic morphological discrimination
were detected between HCV patients with and without HGY infection. [Life Science Journal. 2006;3(0:9
-17J
(ISSN: 1097 - 8135).
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Abstract: Hepatitis G virus (HGV) coinfection in chronic hepatitis C patients has recently been an active area of research as the impact of HGV infection on HCV chronic liver disease is still controversial. This study was conducted
to investigate the prevalence of HGV infection in chronic HCV patients and to clarify its clinical, virological and
histopathological impact at the ultrastructural level on chronic HCV liver disease. One hundred chronic HCV patients and 80 healthy blood donors were subjected to clinical, laboratory and ultrasonographic examination. Blood
samples were examined for HCV and HEV markers, HCV serotyping, HCV quantitation of viral load and HGV
RNA detection by nested Rt-PCR. Liver biopsy specimens were obtained from 25 patients and processed for light
and electron microscopic (EM) examination. Chronic HCV patients were classified into 4 groups: chronic hepatitis
(CH = 45); compensated cirrhosis (CC = 11) ; decompensated cirrhosis (DC = 22) ; and hepatocellular carcinoma
(HCC=22).
The prevalence of HGV infection was significantly higher in chronic HCV patients (19%) versus
blood donors (5%) P<O. 001. HGV viraemia was significantly more common in patients with mild liver disease
(CH + CC) than in patients with severe liver disease (DC+ HCC) (23.2% versus 13.6%) P<O. 05. No significant difference was detected between HGV-infected and non-infected patients regarding mean age, sex, liver biochemical tests, virologic markers and HCV serotype distribution. Decompensated cirrhosis was significantly less
cornn:{onin HGV coinfected persons (5. 2 % ), than in those with isolated HCV infection (26 %) P < O. 01. Also the'
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Introduction

Hepatitis G virus (HGV) and GB virus type C
(GBV-C) were independently discovered as putative blood-borne causative viruses of non-A-E hepatitis (Simons, 1995; Linnen, 1996). Molecular
characterization demonstrated that they were different isolates of the same virus and they represent
a new genus in the family Flaviviridaea (Alter,
1996). HGV is not only phylogenetically closely related to hepatitis C virus (HCV),
but it also has
similar modes of transmission. It may infect the liv-

aspects; hepatitis G virus infection on chronic

er as an independent virus or as a coinfection with
HCV (Abraham,
2003; Lisukova, 2003). It appears that it is even more efficiently transmitted by
sexual and vertical exposure than is HCV (Stapleton, 2003).
Evidence of HGV infection is also found among people who have no acknowledged risk of
blood-borne infection. The distribution of the virus
varies geographically and information worldwide is
incomplete.
Infection rates among eligible blood

donors range from 1 % - 5 % in developedcountries
(Chams, 2003)
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Although HGV has been initially associated
with fulminant hepatic failure, acute and chronic
hepatitis (Abraham, 2003; Yoshiba , 1995), numerous studies failed to demonstrate its direct involvement in induction of significant hepatitis (Alter, 1997).
Coinfection with more than one virus may contribute to changes in the evolution of liver disease
either negatively or favorably (Chams, 2003). The
influence of HGV infection on HCV chronic liver
disease is controversial. There was a growing consensus that coinfection has no apparent effect on the
course or severity of chronic HCV liver disease and
it does not alter the pathogenicity or replication of
the virus( Shang, 2000; Petrova ,1999).
However, other investigators showed that acute and chronic hepatitis could be induced by
HGV, and that coinfection worsens the liver histology of patients with chronic HCV (Moriyama,
2000; Xu,2001).
Recent studies on the pathogenesis of HGV in
human immunodeficiency virus (HIV)-infected patients yielded surprising results. Several studies
found that HGV coinfection in HIV-positive people
was associated with either a decrease in mortality or
improved clinical outcome, compared to those without HGV infection ( Stapleton, 2003; Williams,
2004) . Moreover, it has been demonstrated in an invitro model of HGV and HIV coinfection, using interleukin-2 stimulated human peripheral blood
mononuclear cells (PBMCs), that GBV-C/HGV
led to inhibition of HIV replication by inducing cellular chemokines (RANTES, MIP-1, SDF-1) that
inhibit HIV, and also by down-regulating the cellular expression of the HIV co-receptors CCR5 and
CXCR4 (Xiang, 2005).
These findings plus the capability of both
HCV and HGV to replicate in PBMCs (Stapleton,
2003; Mazur, 2001), raise the speculation of possible viral interference and claims re-evaluation of
the effect of interaction of two closely-related viruses on their host. So the aim of the study was to determine the prevalence of HGV infection in chronic
hepatitis C patients and to clarify its clinical, virological and histopathological impact at the ultrastructural level on chronic HCV liver disease.
2

Patients and Methods

Two groups were enrolled in the study: Group
1 included 100 chronic hepatitis C patients attending the Gastroenterology Unit of Theodore Bilharz
Research Institute (TBRI) Giza, Egypt, during the
period from August, 2002 until September, 2003.
Chronic hepatitis was diagnosed on the basis of: el-

.

~

evated serum ALT and AST for more than 6
months, ultrasonographic and/or histopathologic
evidence of chronic hepatitis or cirrhosis. Hepatitis
C was diagnosed by HCV antibody and/or HCV
RNA testing. Group 2 included 80 healthy, agematched, volunteer blood donors from the Blood
Bank of TBRI.
Patients' characteristics including age, sex,
clinical examination with special stress on manifestations and decompensation of liver disease were
recorded. Patients were examined by ultrasonography and upper endoscopy.
Liver biopsy specimens were obtained from 25
patients who were feasible for biopsy and were processed for light and electron microscopic (EM)
histopathologic examination.
Patients were further classified based on clinical data and available histopathology into 4 subgroups:

chronic hepatitis

(CH

= 45)

~

J
.

; compensated

cirrhosis (CC = 11) ; decompensated cirrhosis (DC

= 22);

and hepatocellular

carcinoma

(HCC

= 22)

.

Patients with clinical features of portal hypertension
were assumed to have cirrhosis even if a liver biopsy
was not done. Decompensated cirrhosis was defined
as the presence of complications related to portal
hypertension such as ascites, encephalopathy, decreased synthetic functions reflected by decreased
albumin concentration and prolonged prothrombin
time. HCC was either based on histopathological
diagnosis or on the presence of a hepatic focal lesion
by imaging associated with elevated alpha-fetoprotein.
Blood samples collected from patients. and
blood donors were subjected to: complete blood picture, serum bilirubin, ALT, AST, alkaline phosphatase, albumin, globulins, prothrombin time and
concentration and alpha-fetoprotein.
Serum samples were stored in several aliquots
at - 70'C until tested for viral markers of HCV,
HBV and HGV.
2. 1 Serologic assays
Assay for HCV antibody was performed by
third generation enzyme immunoassay (EIA) (antiHCV version 4 Murex-Biotech Ltd. , UK). Serum
HBs antigen (HBsAg) and HBc antibody (HBcAb)
were tested by EIA (Murex version 3, MurexBiotech Ltd. , UK). HCV serotyping was performed by Murex HCV serotyping 1-6 EIA
(Murex-Biotech Ltd. , UK).
2. 2 Detection of HCV RNA viral load by PCR
RNA extraction was performed by the acid
guanidinium thiocyanate and phenol-chlorofom single-step method (Chomezynski, 1987). Nested
RT-PCR was used for quantitation of HCV RNA
viral load using 2 sets of primers within the 5' non-
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coding region. Amplification products were analyzed using 2 % agarose gel electrophoresis (Van
Doom, 1994).
2.3 Detection of HGV RNA by PCR
RNA extraction was performed by the acid
guanidinium thiocyanate and phenol-chloroform
method (Chomezynski, 1987) . Reverse transcriptase
reaction and PCR were carried out using PTC-200
from M] Research Inc. according to Schauder,
(1995). All experiments included HGV positive
and negative control. The oligonucleotide primer
pairs used were: 5' -CGG CCA GGT GGA TG-3'
(position 100 sense), 5' -CGA CGA GeC TGA
CGT CGGG-3' (position 285 antisense).
The RT reaction and PCR were performed in
100(L reaction volume containing 50(LRNA dilution, 2.5U recombinant Taq DNA polymerase
(Promega, Madison, WI), 3U avian myeloblastosis
virus (AMV)
reverse transcriptase (Promega,
Madison, WI), 1. 5U RNase, 100 pm each of 4 deoxy-ribonuclease triphosphate, 0.2 mM each of
primer, 50 mM KCI, 1.5 mM MgCb, O.Olo/cJ
gelatin and 10 mM Tris-HCl pH 8. 3. The RT reaction was performed at 42°C for 45 min followed by
5 min at 94°C. The PCR was subjected for 30 cycles each of 94°C (denaturating) for 1 min, 55°C
(annealing) for 1 min and n °c (extension) for 1
min and finally one cycle at noc for 10 min. Amplification products were analyzed using 2 % agarose
gel electrophoresis according to the method described by Van Doom (1994) .
2. 4 Light and electron microscopic processing of
liver biopsy specimens
For light microscopic examination, liver biopsy
specimens 'were fixed in 10 % buffe~ed formalin and
processed for the preparation of 4 fJ-mthick paraffin
sections that were stained by haematoxylin and
eosin and Masson trichrome stains. The specimens
were graded and staged semiquantitatively from 04 according to Desmet et al (1994), assuming that

grade 1 activity is scored (1 - 3), grade 2 (4 8) ,
-

grade 3 (9 -12) and grade 4 (13 -18) of the Knodell score Knodell et al (1981).
For EM examination, a small piece of liver
biopsy about 3 mm3 was divided into 1 mm3 pieces
and fixed in 4 % glutaraldehyde buffered with
0.2 M sodium cacodylate, washed twice in equal
volumes of sodium cacodylate O. 2 M and sucrose
0.4 M at 4 °C, postfixed in 2 % osmium tetroxide
for 1 hour then washed in distilled water and dehydrated in ascending alcohol concentration, embedded in Epon and polymerized at 60°C for 48 hours.
Semithin sections stained with methylene blue azur
II and ultrathin sections double stained with uranyl
acetate and lead citrate were performed using an

Ultracut R ultramicrotome.Examinationof the
stained ultrathin sections was done using a Philips
EM 208 S electron microscope.
2.5 Statistical Analysis
Analyses were conducted using Student's ttest and test of proportion. The level of statistical
significance was set at P = O. 05. Histological variabIes were analysed according to Wilcoxon variance
analysis.
3

Results

The prevalence rate of HGV infection was significantly higher in chronic HCV patients (19 % )
versus blood donors (5%) P<O.OO1. Four of the
19 HGV-positive patients were also coinfected with
HEV. The overall prevalence rate of HGV infection
was 12.7% (23/180). Among the 23 HGV-positive cases, isolated HGV infection was detected in 2
(8.7%) while coinfection with HCV was found in
21 (91. 3%) P<O.OOO 1 (Table 1).
The distribution of HGV infection in chronic
HCV patients according to severity of liver disease
is shown in Table 2. CH and CC were categorized
as mild liver disease, while DC and HCC were considered as severe liver disease. HGV viraemia was
significantly more common among patients with
mild liver disease (23. 2 %) than among those with
severe liver disease (13. 6 %) P < O.05.
Demographic, virologic and clinical data of
chronic HCV patients were compared according to
the presence or absence of HGV infection (Table
3 ). There was no significant difference between
HGV-infected and non-infected patients regarding
mean age, sex distribution, ALT serum levels, virologic markers, or HCV serotype distribution. HCV
RNA viral load was lower in patients with than
without HGV infection, however the difference
was statistically insignificant (P >0.05) .
Analysis of disease categories denoting severity
of liver disease showed that decompensated cirrhosis
was significantly less common in HGV coinfected
persons (5. 2 % ) , than in those with isolated HCV
infection (26 %) P < O. 01. HCV serotyping
showed that serotype 4 was the most prevalent
( 96 % ) , 71 % of patients had single type 4 and
25 % had mixed serotypes (4 + 1/4 + 2) , while 4 %
had serotype 1.
Liver histopathologic examination of 25 cases
(8 HGV positive and 17 HGV negative) by light
microscopy disclosed the presence of 22 (88 %) cases of chronic hepatitis and 3 (12 %) well differentiated cases of HCC of the trabecular pattern. Grading and staging of chronic hepatitis liver biopsies
from HGV coinfected patients compared to isolated
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HCV infection showed no statistically significant
difference in periportal,
portal and intralobular
necroinflammation
and in the stage of fibrosis
Table 1.

(Table 4). Also there was no difference between
the two groups regarding the presence of steatosis,
bile duct damage and lymphoid aggregations.

Prevalence rates of HGV infection in chronic hepatitis C patients and blood donors: isolated infection, coinfection

with HCV

~
I
I
1

I

.
Group

HGV RNA
Positive N (%)

No Tested

Isolated
HGV infection

Coinfection of
HGV &HCV
19

19(19)**
Group1(Chronic HCV)
100
4 (5)
Group 2(Blood donors)
80
23(12.7)
Total N (%)
180
**P< 0. 001 :HGV prevalencein group 1 versus group 2
, *P<

1

2

i

t

2

2(8.7)

21(91. 3) *'

*

1

0.0001:HGVcoinfectionwith HCVversusisolatedHGVinfection

Table 2.

Distribution of HGV-positiveviraemia in chronic HCV patients according to severity of liver disease
Mild Liver Disease
Severe Liver Disease
( n = 56)
( n = 44)
Character
CH
CC
DC
HCC
(45)
(11)
(22)
(22)
10

HGV-RNA positive

3

13 (23.2)

TotaIN(%)

1

~

J

*P<0.05 for mild versus severe liver disease in HGV/HCV coinfection.
CH: Chronic hepatitis; CC: C.ompensated cirrhosis; DC: Decompensated cirrhosis; HCC: Hepatocellular carcinoma.

Table 3.
RNA

J

5

6 (13.6)

*

1
I
I

r
.

J
Demographic, virological and clinical data of chronic hepatitis C patients according to the presence or absence of HGV

Characteristic
Age (mean(SD)
Sex (M:F)
Mean ALT level (lUlL)

HGV + ve
(n=19)
44:t8.5

HGV - ve

13:6
60:t 31

63:18

(n = 81)
43 :t 6.2
65 :t 34

P value

NS
NS
NS

r
~

)

Virological features
HCV RNA (copies/m!)
Mean X 105(SD)
HCV serotype 4
Mixed serotype (1 + 4/2 + 4)
HCV serotype 1
I-ills antigen + ve
HEc antibody + ve

19
13
5
1

2.1 (0.4)
68.4%
26.3%
5.3%

4
11

21. 0%

0

57.9%

38

Disease categories
Chronic hepatitis

10

Compensated cirrhosis
Decompenstated cirrhosis
Hepatocellular carcinoma

3
1
5

52.6%
15.7%
5.2%
26.3%

81
58
20
3

35
8
21
17

2.9(0.5)
71.6%
24.6%
3.7%

NS
NS

46.9%

NS

43.2%
9.9%
26.0%
20.9%

NS
NS

NS
NS
0.01
NS

Table 4. Grading and staging of chronic hepatitis liver biopsiesin HGV coinfectioncompared to isolatedHCV infection
Characteristic
1
2
3
4
Mean:t SD
P value
Grading
4
2
0
2
9.75:t4.65
HGV Coinfection
0
7
4
NS
3
9.5:t4.128
HCV
Staging
3 . 25 :t O. 70
HGV Coinfection
3
2
1
2
3.14:t O.663
NS
HCV
6
3
3
2
EM examination of the ultrathin liver sections
or in the cytoplasm of hepatocytes. There was evirevealed no virus or virus-like particles in the nuclei
dent proliferation of the smooth and rough endo-
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plasmic reticulum associated with distended cisternae, as well as electron dense opaque mitochondria
of different sizes (Figure 1). Moderate sized collagen fibrils were observed intercellularly
and in
perisinusoidal spaces and collagen like fibrils were
seen extended in the cytoplasm between the organelles of the hepatocytes. Extravasation of RBCs
together with infiltration by macrophages and lymphocytes were disclosed between hepatocytes. Many
large and moderate-sized fat locules were observed'

filling the hepatocytes, pushing the nuclei aside and
compressing the neighbouring cells (Figures 2, 3 ) .
Apoptotic cells were detectable showing either peripheral chromatin condensation beneath the nuclear membrane or dense chromatin aggregates in the
nucleus, together with condensed cytopasmic organelles. No characteristi'c morphological discrimination could be found between HCV infected speci-

mens and those coinfected with HGV (Figures 1 3) .
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Figure 1. Electronrnicrograph

from a case of HCV showing a hepatocyte
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with proliferated

endoplasmic reticulum

chondria (M) (A degenerated hepatocyte with apoptotic nucleus (arrow) is observed )( X 10 000)

To determine the prevalence of HGV viraemia
and its impact on chronic HCV patients in our region, we studied 100 chronic HCV patients and 80
volunteer blood donors. The prevalence of HGV in
chronic hepatitis C patients was significantly higher
( 19 %) compared to blood donors (5 % ). This was
comparative with the infection rates reported in researches on Egyptian HCV patients where prevalence rates were 18.5%, 14% and 11.5% (Hei00, 1999; EI-Zayadi, 1999; Hassoba, 1997).
These rates were also not markedly different from
other studies from different geographic areas that
reported HGV RNA viraemia among chronic HCV
patients in the range from 17 % to 23 % (Martinot,
1996; Wang, 1998; Handajani, 2000; Li, 2001;
Bjorkman, 2001).
HGV infection is closely associated with HCV
infection both in areas of endemicity and in areas of

(R)

and opaque mito-

.

no endemicity for HCV (Tanaka, 1998). This was
confirmed in this study as among 23 HGV-positive
cases, the association of HCV and HGV infections
versus isolated HGV infection was 91.3 % versus
8. 7 %. This probably reflects common exposure
and transmission patterns rather than an interdependent relation. Moreover, this high association
may be attributed to the reduced clearance of HGV
viraemia among HCV-infected
patients,
as most
immunocompetent individuals who become infected
with HGV clear the virus, while fewer than 25%
of HCV-infected patients spontaneously clear infection (Stapleton, 2004).
The rate of HGV viraemia in blood donors detected in this study (5 % ), was consistent with
that reported in epidemiological studies of the general population and blood donors in Africa and
South America (5 %
1096) (Desmet, 1994). In
-

contrast it was lower than that reported among 82
apparently healthy, Egyptian blood donors (12 % )
( Hassoba, 1997). This difference could be due to
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variabilities in the characteristics of population of
blood donors as the age group, social standard and
special habits. In addition, there is evidence that
HGV can be transmitted
intrafamilialy,
by non-

parenteral routes as saliva and semen, byaccupuncture or sharp objects and it has an age-related
prevalence(Semprini,
1998; Chen,1999;
Seifreid,
2004) .
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Figure 2.Electronrnicrograph
(N) hepatocytes (X5 000)

from a case of HCV coinfected with HGV showing fat vacuoles (F)

compressing

2 apoptotic

binuc\eated
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Figure 3. Electronrnicrograph

from a case of HCV showing fat vacuoles replacing the cytoplasmic organelles of a hepatocyte

Egypt is a country known for its high seroprevalence of HCV (Hassan, 2001). The common
exposure patterns of HCV and HGV may account
for the overall high HGV viraemia among Egyptian

( X 7 000)

blood donors that exceeds that reported from Japan
(0. 8 % ), USA (1. 7 % ), China (2 % ), Indonesia
(2.7%) and Korea (1.8%) (Alter, 1997; Wang,
1998; Handajani, 2000; Li, 2001; Jean, 2003).
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Numerous studies performed on HGV led to
the exclusion of its role as a significant aetiologic agent of hepatitis. However coinfections with other
viruses may contribute to changes in the progress
and severity of liver disease patients (Chams,
2003). From the point of view of some authors,
several facts must be considered before dismissing
the possible pathogenic role for HGV in HCV
chronic liver disease. First, the lack of detectable
core protein, which may explain the absence of excess inflammation in HCV coinfected patients. Second, the presence of a highly conserved E2 region
and formation of an anti-HGV-E2 antibody that is
indicative of an effective immune response in the
host leading to clearance of viral RNA. Third,
HGV isolates from widely separated geographic areas have been thought to be highly conserved, until
the recent description of 5 major genotypes and 5
subclasses of genotype 1, which suggests the possibility of a relationship between specific genotypes
and pathogenicity.
Fourth,
the virus occurs and
appears to replicate in vitro in PBMCs and not in
hepatocytes.
It also inhibits replication of HIV in
coinfected cell cultures (Williams, 2004; Hattori,
2003; Liu, 2003; George, 2003).
In this study, analysis of HGV-positive versus
negative patients in chronic HCV patients showed
no significant difference between patient groups regarding age, sex, virologic markers or serotype distribution. Furthermore,
no association was found
between the presence of HGV viraemia and the
severity of liver disease in terms of serum ALT levels or histopathologic examination in both severity
of inflammation and degree of fibrosis. These findings agree with other workers on hepatitis C patients who also failed to detect a significant effect of
coinfection with HGV on the indices of liver disease
including biochemical,
histologic and response to
interferon therapy (Heiba,
1999; Wang,
1998;
Slimane, 2000; Par, 2004).
However, our finding that HGV infection was
significantly less prevalent in patients with severe
disease (DC and HCC), than in those with mild
liver disease (CH and CC) is noteworthy.
It does
not only deny the role of HGV in aggravating liver
disease, but also raises the question of a possible
beneficial role of HGV in chronic HCV patients
through viral reciprocal inhibition.
Because both
HCV and HGV are capable of replicating in lymphocytes (Stapleton,
2003; Mazur, 2001),
it is
reasonable to speculate that viral interference might
occur. In this study we found that the concentration of HCV RNA was lower in patients coinfected
with HCV and HGV than in those with HCV infection only. Although the difference was not sta-

tistically significant, it is suggestive of the possible
reciprocal relationship between the two viruses. A
reverse relation was found to exist between HCV
RNA concentration and HGV infection in a study
on chronic HCV patients coinfected with HGV.
HCV copy numbers in patients with HGV coinfection was significantly lower than that in patients
without HGV (Yan, 2000). In contrast, such relation was not found in other studies (Chu, 2001).
Further studies on viral load quantitation by more
accurate methods, as real time PCR, are required
to clarify this issue.
Also in favor of the possible beneficial role of
HGV is the recent finding of the inhibitory effect of
HGV on replication of HIV in the in-vitro models
of coinfection. It has been demonstrated that this is
achieved by the down-regulation
of expression of
major HIV coreceptors, by the increase in specific
chemokines and by alteration in the Th cytokine
production by PBMCs (Mazur,
2001).
It was
found that HGV may help maintain cytokine profiles associated with long-term non progression among HIV-positive patients and that HGV coinfection correlated with an intact Thl cytokine profile
among those patients (Nunnari,
2003). Since Th
cytokines are involved in the pathogenesis of disease, so HGV may potentially influence other comorbid infections in a beneficial mode (Stapleton,
2004) .
Results of histopathologic examination in this
study revealed no difference in the inflammatory
scores or fibrosis stage that could be attributed to
HGV coinfection. These findings were consistent
with other authors who showed that coinfection did
not affect the liver lesion nor induced a more aggressive disease ( Shang,
2000; Strauss,
2002 ;
Petrik, 1998; Goldstein,
1997).
Regarding the
presence of lymphoid aggregation, steatosis and bile
duct damage, the lesions mostly encountered in
HCV infection, we did not detect a significant difference between the two groups, although other authors observed more severe bile duct damage in
HGV coinfected persons (Xu, 2001; Chu, 2001).
EM examination also confirmed that there were no
detectable specific ultrastructural morphological features in coinfected patients. Also, no virus particles
were detected in hepatocytes of the coinfected patients. This is supportive with the suggestion that
HGV may be a non hepatotropic virus. The replication site of HGV in vivo is still unknown.
The
virus appears to be primarily a lymphotropic virus
rather than hepatotropic
(Tucker,
2000).
Evidence denoting that the negative strand of HGV
could not be detected in the liver, suggest that the
virus does not replicate in the liver (Laras , 1999).
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In contrast, HGV replication was identified in the
cytoplasm of hepatocytes of 10 donor livers. It was
detected by in situ hybridization with HGV RNA
probes and immunologic staining for HGV- E2 protein. However there was no evidence of liver disease in those HGV infected healthy liver donors despite viral replication in hepatocytes (Halasz,
2000) .
Generally speaking, the EM studies on HGV
infections are very few in the literature. In a study
by Xu et al (2000), they observed that the ultrastructural changes in one case of acute single HGV
infection were: shrinkage of liver cells, extension of
rough endoplasmic reticulum, proliferation of collagen fibrils but they did not comment on the presence or absence of virus particles.
5

Conclusion

HGV infection is common in chronic HCV patients. It does not appear to aggravate the liver disease at the histopathologic and the ultrastructural
levels, but the finding that it was less prevalent in
clinically severe liver disease than in those with
mild disease, plus the lower HCV RNA concentration in coinfected patients raise the speculation of a
possible beneficial role. But much more in-vitro and
in-vivo studies are required to answer the question
related to interaction of both viruses.
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Abstract:Aim. To study the expression of N-myc downstream regulated gene 1(NDRGl) in esophageal squamous
cell carcinomas(ESCC). Methods. The S-P immunohistochemical method was employed to detect the expression of
NDRGI in 49 cases of esophageal squamous cell carcinoma, mucosa adjacent to cancer and normal mucosa. Results.
There were no differences in the positive expression rate of NDRGI protein in cancerous tissues, mucosa adjacent to
cancer and normal mucosa(P>0.05)
, but protein expre.'iSionlevels were different. In normal mucosa, mucosa adjacent

to cancer

and cancerous

tissues,

the expression

rate

in low expression

level ( + ) were:

8.2%,65.3%,

81. 6% ; the expression rate of high expression level( + + ) were: 87.7%,13.0%
,8. 1 %, respectively, and they
had significantly differences( P < 0.01) . There were no differences of NDRGI protein expression in different differentiation levels of esophageal carcinoma and with or without lymph node metastasis of esophageal carcinoma. Conclusion. The expre.9sion of NDRGI is lower in esophageal squamous cell carcinoma, and this may be related to the
occurence of e.90phageal squamous cell carcinoma. [Life Science Journal. 2006; 3 (1) : 18 - 22] (ISSN: 1097-

oJ

8135) .
Keywords:esophageal
tein expression

squamous cell carcinoma; N-myc downstream regulated gene 1; immunohistochemistry;

pro-.

J
1

~I

Introduction

Esophageal squamous cell carcinoma(ESCC) is
a common malignant tumor which seriously destroys people's health. A better understanding of
the molecular events involved in the development of
esophageal cancer will be helpful to its early diagnosis, treatment and prognosis. N-myc downstream
regulated gene 1 (NDRGl) was found by different
laboratories (van Belzen, 1997; Zhou, 1998) and
was demonstrated to be related to cell differentiation (van Belzen, 1997; Guan, 2000). It caused
great interest about the relationship between
NDRGI and cancers. Researchers found that the
expression of NDRG 1 was higher in human normal
tissues, such as kidney, prostrate, colon, etc, and
lower in prostrate cancer and colon cancer (Lachat,
2002). Treatment with differentiation agents to tumor cell lines can increase the expression of NDRGI

in colon cancer and prostrate cancer cells (Park,
2003; Piquemal, 1999). To date, the exact biological function of NDRGI remains obscure. Scholars consider that it was related to cell differentiation
and necessary but not sufficient for pS3-induced
apoptosis (Stein, 2004). There is little report
about the expression of NDRGI in esophageal carcinoma, so we detceted the protein expression in
esophageal carcinoma to probe the role of NDRGI
in its occuring and developing in order to provide
some clues for diagnosis and differentiation treatment of esophageal carcinoma.

~
i

J
)

2 Materials and Methods
~

2. 1 Materials
Human esophageal tissue specimens of surgical
resection were obtained from 49 patients with
esophageal cancer at Anyang Tumor Hospital during the period from September to November,
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2004. There were 25 men and 24 women ranging
age from 40 to 76 years with a mean of 58.3 years.

(2) The intensity of staining was scored as 0
= achromatic, 1 = light yellow, 2 = yellow, 3 =

21 cases had regional lymph node metastasis. The

brown.
ate the
positive
staining

tumor tissue,
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tissue adjacent to cancer and normal
mocusa were collected in each case. The diagnosis
of squamous carcinoma was made according to the
WHO's criteria, 2000. All patients had no chemical and radial therapy history before surgical operation.
All specimens were fixed in 4% polyformalin,
embedded in paraffin and stained by routine HE for
routine HE analysis and histochemistry.
49 cases of
carcinoma were divided into three levels according
to tumor differentiation grade: high differentiation
in 14 cases, moderate differentiation in 23 cases,
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and poor differentiation in 12
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Methods
Immunohistochemistry
S-P method was used
to detect NDRG1 protein. NDRG1 goat polyclonal
antibody was purchased from SANTA CRUZE
Corporation, US. and immunostaining S-P kit was
purchased from ZYMED Corporation,
US. Immunohistochemistry
was performed as follows (1)
Four-micron sections of human tissues were deparaffinized by xylene, dehydrated in graded alcohol. Endogenous peroxidase activity was blocked
with 3 % H20z in methanol at room temperature for
15 min. (2) To retrieve the immunoreactivity,
tissue sections were boiled twice in 10 mM sodium
citrate, pH 6.0 for 5 min in an 800W microwave
oven. (3) Then, non-specific staining was blocked
by incubating in normal non-immune serum at room
temperature for 10 min. (4) The goat anti-NDRG1
was added to adjacent tissue section,s and incubated
overnight at 4°C. (5) Biotin-conjugated second antibody was added to the sections and incubated at
room temperature for 10 min. (6) S-P complex
was added at room temperature
for 10 min and
DAB was used for the color reaction, and then the
slides were counterstained with hematoxylin.
The
tissue sections were washed with PBS (0. 01 M, pH
7.4) between each step. Positive and negative controls were simultaneously used to ensure the specificity and reliability of staining. The positive result
showed yellow or brown coloration in cytoplasm
and lor plasma membranes.
The degree of NDRG1 staining was estimated
by semi-quantitative
evaluation and categorized by
the extent and intensity of staining as follows
(Shen, 1995):
(1) The extent of positive cells was estimated
as 0 = positive staining cells ~ 5 %, 1 = positive

staining cells in 6 % - 30 %, 2 = positive staining
cells in 31 % - 70%, 3 = positive staining cells in
71 % - 100 % .

Combined staining score was used to evaluresults of NDRG1 staining. The extent of
cells was multiplied by the intensity of
and scored as follows: (-) = 0, (+) = 1
- 3, (+ + ) = 4 - 6. Results of the immunohistochemistry were judged based on the intensity of
staining and the grading of the NDRG1 was done
by two independent persons without prior knowledge of the patient outcome.
2.3
Stastistical analysis
The results were calculated by analysis SPSS
software 11.0.l
test was used to analysis the difference between groups. P < O. 05 was considered
stastistically significance.
All reported P values
were two-sides.

3

Results

3.1
The expression of NDRGI protein in esophageal normal mucosa, atypical hyperplasia mucosa
and squamous cell carcinoma
The NDRG1 protein was light yellow to
brown localized in the cytoplasm and cell membrance. The nuclear stain was not observed.
In
normal esophageal mucosa, the surface epithelial
cells mainly stained and the majorities were yellow
micro-granules located in the cytoplasm. The basal
cells and atypical hyperplasia
cells didn't
be
stained.
The esophageal carcinoma cell stained
lighter than normal mucosa epithelial cell. The expression results of NDRG1 protein was summarized

in Table 1 and showed in Figures 1 - 3.
Table 1. Comparison of NDRGI
groups

protein expression in all
Expression
of NDRGI
+ ++

Group

Cases

Nonnal esophagealmucosaA

49

2

Atypical hyperplasiamucosaB 23

Percentage
(%)

4

43

95.9

5

15

Esophagealcarcinomac
49
5
AtoB; AtoC, P<0.01;BtoC,P>0.05

40

3
4

78.3
89.8

The results in Table 1 showed that the positive
expression rate of NDRG1 protein had no differences in cancerous tissue, mucosa adjacent to cancer
tissue and normal esophageal mucosa. But the protein expression levels were different. In normal
mucosa, the positive expression rate in low expression level (+) were: 8.2%,61.3%,81.8%;
the
expression rate in higher expression level ( + + )
were: 87.7%, 13%, 8.1 %, and they had significant difference (P < o. 01). These results showed
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lower expression of NDRGl in atypical hyperplasia
mucosa was concerned with the unexpression of
NDRGl in basal cells.

that the expression level of NDRGl protein in normal esophageal mucosa was higher than atypical hyperplasia mocusa and esophageal carcinoma. The
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Figure 1. The expression of NDRGI
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Figure 3. The expression of NDRGI protein in ESCC(S-P method, X200)
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3.2 The relationship of NDRGI protein expression and histological differentiations
The results of NDRGI
expression in
esophageal carcinoma showed that there were no
differences in different differentiation levels of
esophageal squamous carcinomas (P > O. 05). The
results were showed in Table 2.
Table 2. NDRG1 protein expressionand histologicaldifferentiations in ESCC
Group

\

High differentiation
Moderate differentiation

,
\

,

.

\.

t

~
~

~

Poor
Three

differentiation
groups

compared,

Expression
of NDRG1
+ ++

Cases

Percentage
(%)

14

2

10

2

85.7

23
12

2
1

19
10

2
1

91.3
91.7

P > 0 . 05.

I

Expression
of NDRG1
+ ++

Cases

Metastasis group

21

Non-metastasisgroup

28

2
3

17
23

2
2

Percentage
(%)
90.5
89.1

mapped on chromosome
1997, 1998) and had a
60 kb. NDRGI contains
and NDRGI mRNA has a

Our study showed that NDRGI protein was
mainly expressed on the surface of epithelial cells,
and not expressed in basal cells. This result was in
accordance with Lauchet P' s (2002) result to digestive tract mucosa and urinary system mucosa.
We found that the expression of NDRGI protein
was lower in esophageal squamous carcinoma cells.
The positive rate was significantly lower than that
of normal mucosa, and some squamous carcinoma
even didn't
express the NDRGI protein.
This
showed NDRGI was low expressed in esophageal
carcinoma. Similar results were also found in colon
cancer, prostrate cancer and renal cancer (Li,

\t.

~

The relationship of NDRG1 protein and lymph

node metastasis in ESCC

Two groups compared,P>0.05.

Discussion

NDRGI has been
8q24. 2 (van Belzen,
length of approximately
16 exons and 15 introns

Table 3.

Group

3.3
The relationship between NDRGI protein
expression and lymph node metastasis of
esophageal carcinoma
The results showed that the expression of
NDRGI was lower and not concerned with the
lymph node metastasis (P > O. 05). The results
were showed in Table 3.
4

length of 3 kb which contained an 1182 bp coding
region, and its coding product contained 394 amino
acids. Most studies showed that NDRGI was involved in cellular growth (Kokame, 1998; Taketomi, 2003; Agarwala, 2000), cell differentiation
(Piquemal, 1999; Qu, 2002; Piquemal, 1999),
tumor genesis, metastasis (Kyuno, 2003) and poor
clinical outcome of some tumor (Li, 2003).
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2003). In addition, van Belzen et al (1997) reported that compared to normal colon mucosa,
NDRG1 mRNA expression was decreased in colon
adenomas and adenocarcinoma. The high expression of NDRG1 can inhibit tumor growth (Kurdistani, 1998; Kyuno, 2003). So our results may
suggest that NDRG1 gene might play an important
role in carcinogenesis and development of
esophageal carcinoma.
Our study also found that there were no differences of NDRG1 expression between each differentiation levels of ESCC, which indicated that
NDRG1 expression wasn't correlated to tumor differentiation level. Similar results also found in
Wang Zhan' s (2004) research on colon cancers.
There was little research on NDRG1 and tumor metastasis. Guan(2000) reported that NDRG1
stable transfection of SW620 metastatic colon cancer cell line with Drg1 cDNA induced morphological
changes and down-regulated metastatic colon cancer
cells to nearly undetectable levels when compared
with primary colon cancer. Bandyopadhyay (2003)
research also indicated that over expression of
NDRG1 could inhibit the metastasis of prostrate
cancer. But our results indicated there was no difference between lymph node metastasis group and
no lymph metastasis group, suggesting that
NDRG1 expression had no relation with ESCC
metastasis. The reasons need further research.
Our results may provide 9Jme clues for ESCC carcinogenesis,prognosisand differentiationtherapy.

cular endothelial cells. Methods 1998; 16(4): 434-43.
5.Kurdistani SK, Arizti P, Reimer CL, et al. Inhibition of
tumor cell growth by RTP/rit42 and its responsiveness to
p53 and DNA damage. Cancer Research 1998; 58(19):
4439 - 44.
6. Kyuno J, Fukui A, Michiue T, et al. Identification and
characterization of Xenopus NDRG1. Biochem Biophys
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Abstract: The First Law of the Overall Control of the Nervous System in Human Beings (The Law of Health and
Disease): The shape and arrangement of our cerebral cortex controls our physiology as well as psychology. The Second Law of the Overall Control of the Nervous System in Human Beings (The Brain Functions Controlled Law):
Postures as a habit can control the shape and arrangement of our cerebral cortex, which would in turn control our
physiology and our psychology. The Third Law of the Overall Control of the Nervous System in Human Beings
(The Hormonal Secretions Controlled Law): Whenever there is a change in the shape and arrangement of our cerebral cortex, there will be a change in the quantity of different major and orphan hormones, especially to those hormones which have direct or indirect relqtionship with the pituitary gland and the hypothalamus. [Life Science Journal. 2006;3(1) :23 - 28J (ISSN: 1097 - 8135).
Keywords: overall control; nervous system; human beings
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(B) The First Law of the Overall Control of
the Nervous System in Human Beings (The Law of
Health and Disease): The shape and arrangement
of our cerebral cortex controls our physiology as
well as psychology.
(C) The Second Law of the Overall Control of
the Nervous System in Human Beings (The Brain
Functions Controlled Law): Postures as a habit can
control the shape and arrangement of our cerebral
cortex, which would in turn control our physiology
and our psychology.
(D) The Third Law of the Overall Control of
the Nervous System in Human Beings (The Hormonal Secretions Controlled Law) : Whenever there
is a change in the shape and arrangement of our
cerebral cortex, there will be a change in the quantity of different major and orphan hormones, especially to those hormones which have direct or indirect relationship with the pituitary gland and the
hypothalamus.
(E) Discussion
(F) The Inter-relationship
between the three
laws

The term" Nervous disorder"
implies that
someone is suffering from psychiatric sickness,
which results in both physiological and psychological changes. In other words, all these physiological
and psychological changes are originated in part or
in whole from the change in the shape and arrangement of one's cerebral cortex and its associated organs. This has an enormous implication to health
and disease. Three laws are proposed by the author
to portray how we can control the shape and arrangement of our cerebral cortex and its associated
organs. Law 1 states that the shape and arrangement of our cerebral cortex and its associated organs
control our physiology as well as our psychology.
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Law
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states

that

postures

as a habit

can maintain

or change the shape and arrangement of our cerebral cortex and its associated organs. Law 3 states
that whenever there is a change in the shape and
arrangement of our cerebral cortex and its associated organs, there is always a change in the quantity
of different major and organ hormones secreted.
These three laws are proposed by the author to be
the Laws of the Overall Control of the Nervous
System in Human Beings. Below are the theoretical
frameworks of these three laws.

\I

(B) The First Law of the Overall Control of the

l
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Nervous System in Human Beings (Law of Health
and Disease): The shape and arrangement of our
cerebral cortex and its associated organs control
our physiology as well as our psychology.

J
~

Below are some of the facts, which support
the first law:
Systematic changes (asymmetrical in nature)
in hemispheric organization are associated with
pathological disturbances of mood ( Flor-Henry,
1983). Deglin and Nikolaenko (1975) found that
at the end of laterised induced seizure, sensori-motor cortical functions are transiently depressed. Laterization to the dominant hemisphere was produced
profound intellectual retardation while laterization
to non-dominant hemisphere lead to distinct intensification of emotional manifestations. Golden et al
(1980) found that cr scan showed that the density
of left hemisphere was greater than that of the right
for a number of chronic schizophrenics. Sowell et al
(2000) found brain abnormalities in MRI in mapping of the cerebral cortex and its associated organs). Niemann et al (2000) demonstrated that a
smaller left hippocampus and left temporal horn in
schizophrenic patients. Gur et al(2000) found ventricular enlargement in schizophrenics. Crespo-Facorro et al ( 2000) showed there were regional
frontal abnormalities in schizophrenia patients.
Flashman et al ( 2000) found there was a smaller
brain size associated with schizophrenics. Garver
DL, Nair TR, Christensen JD, Holcomb JA, and
Kingsbury, SJ (2000) demonstrated that there was
instability in brain and ventricle for psychotic patients. Hirayasu et al(2000) conducted a study on
the hippocampal and superior tem'poral gyrus volume on schizophrenics and found they are different
from normal subjects. Sanfilipo M, Lafargue T,
Rusinek H, Arena L, Loneragan C, Lautin A,
Lautin A, and Feiner D et al (2000) found there
were volumetric differences in the measurement of
the frontal and temporal lobe regions in
schizophrenics. Downhill et al (2000) showed that
there were difference in the shape and size of the
corpus callosum in schizophrenics. These are some
of the findings on the relationship between the
shape and arrangement of the cerebral cortex and
its associated organs, and schizophrenics. Findings
on the relationship between the shape and arrangement of patients with anxiety, mania, sexual disorder, and other psychopathology are many. In fact,
Sowell et al (2000) did a literature review on the
abnormalities in shape and arrangement of the cerebral cortex and its associated organs as demonstrated by magnetic resonance images.
All these demonstrate that the cause of physio-

logical and psychological disorders is rooted in the
change in shape and arrangement of the cerebral
cortex and its associated organs. Therefore, if we
can control the shape and arrangement of different
parts of the cerebral cortex and its associated organs, we can control our physiology as well as our
psychology.

~
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(C) The Second Law of the Overall Control of the
Nervous System Human Beings (The Brain Functions . Controlled Law): Postures as a habit,
through tension and relaxation of our voluntary
muscles, can maintain or change the shape and arrangement of our cerebral cortex, which would
mean postures as a habit, can control our physiology as well as our psychology (Our voluntary muscular system controls the shape and arrangement of
our cerebral cortex).
Below are some of the facts, which support
the second law:
( 1 ) Theories on therapeutic exercise contain
much information on the relationship between exercise and therapy on certain diseases. As a result,
exercise prescription is possible (Oshida, 2000;
Kimura, 2000; Sunami, 2000; van der Velde,
2000; Phillips, 2000; van Tulder, 2000). During
the process of exercise therapy, certain muscles are
relaxed or at tension repeatedly. Therapy is possible because the voluntary muscular system controls
the shape and arrangement of the cerebral cortex
and hence can control the functions of the nervous
system.
(2 ) Yoga exercise is a well-established discipline, which has a very long history. Practitioners
of the Yoga exercise can maintain both their mind
and body healthy, through certain postures as a
habit. For many people with physiological or psychological defects , Yoga exercise provides a means
of therapy (Kamei, 2000 ; Tooley, 2000; Bera,
1998; Raghuraj, 1998; Murugesan, 2000; Ramaratam, 2000; Hudson, 1998; Farrell, 1999; Gotter, 1999;Singh, 1999). This is possible because
Yoga exercise can change the shape and arrangement of one's cerebral cortex and hence can change
one's physiology and psychology, which can be
used as a means of therapy.
(3) Dunkell ' s Theory (1977) on sleep postures as a habit has portrayed that there is a closed
relationship between sleep postures and personality.
This is only possible if a particular type of sleep
posture will lead to a particular kind of shape and
arrangement of one's cerebral cortex.
It is recorded in ancient Chinese sex books that
different postures as a habit in the process of sexual
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intercourse provide means of therapy to certain diseases. People who practice such postures can become
healthier (Wilson, 1989; Stanway, 1988) .
(4) It is known that the body language, the
postures of sitting and walking, reflects our psychology and physiology (Pell, 1989; Leiber, 1992;
Kurz, 1981; Russell, 1979; Babic, 1978; BijeljacBabic, 1978; Lundgren,
1994). It is also known
that improper postures will result in chronic disease, for example, low back pain (Hartvigsen,
2002; Clark, 1996; Kauppila,
1996; Chilvers,
1996). The above phenomena can be explained by
saying that our postures are controlled by the shape
and arrangement of our cerebral cortex and the voluntary muscular system controls the shape and arrangement of our cerebral cortex.
(5) Alexander technique also provides means of
therapy to certain diseases by having certain postures as a habit. This involves particular types of
posture, which is only possible if the voluntary
muscles control the shape and arrangement of the
cerebral cortex and hence can change the physiology
and psychology of the practitioner (Gelb, 1981;
Huxley, 1940; Huxley, 1986; Jeffers, 1988; Barlow, 1984; Maisel, 1974; Lewis, 1986; Alexander, 1932; and Hayne, 1987).

(D) The Third Law of the Overall Control of the
Nervous System in Human Beings (The Hormonal
Secretions Controlled Law): Whenever there is a
change in posture as a hahit, which involves voluntary muscles, there is always associated with a
change in the quantity of endocrine secretions, especially to those hormones which have direct or indirect relationship with the pituitary gland and the
hypothalamus.
Below are some of the facts:
Postures as a habit during different physical
activities and rest can alter the quantity of hormonal secretions (Brooke- Wavell, 2001; McMahon,
1985; Moreau, 2001; Wheeler, 1984; Heitkamp,
1996; Bunt, 1986; Cumming, 1986; Mathur,
1986; Ronkainen, 1986; Houmard, 1990; Mathur, 1986), to quote a few.
(E) Discussion
( 1 ) How our physiology and psychology are
controlled?
CT and MRI scan films show that many serious psychiatric sicknesses show peculiar patterns of
shape and arrangement with the cerebral cortex and
its associated organs. These indicate that the shape

and arrangement of our cerebral cortex and its associated organs are relevant to our physiology as well
as psychology. In fact, numerous diseases, which
etiologies are unknown at present, for example, all
types of hormonal diseases, such as diabetes mellitus' thyrotoxicosis,
various kinds of cancer, and
many other benign and malign diseases are originated from having problems with the shape and arrangement of our cerebral cortex and its associated
organs. The mechanism in controlling one's disease
and well-being is that when the geometric shape of
some convolutions in the cerebral cortex change,
there are always a change in the degree of one's
physiological and psychological variables. By this
mechanism,
physiological and psychological variables can shift from one extreme to another. This
explains how homeostasis can be disturbed and
maintained, i. e. depending on the shape and arrangement of one's cerebral cortex and its associated organs. The First Law of the Overall Control of
the Nervous System in Human Beings explains the
causes of numerous diseases which have no answers
at the moment, such as various kinds of cancer,
various kinds of heart diseases, schizophrenia and
other psychiatric sicknesses,
which the diseases
causes are unknown.
All human physiology and
psychology are controlled by the shape and arrangement of their cerebral cortex and its associated organs.
(2)How to control the shape and arrangement
of our cerebral cortex, so as to control our physiology as well as our psychology?
If the author's first postulate is right, how to
control the shape and arrangement of the human
cerebral cortex will come next so as to solve physiological and psychological problems. If we can control the shape and arrangement of our cerebral cortex and its associated organs, we can control most
aspects of our physiology and psychology. Law 2 of
the overall control of the nervous system in human
beings portrays how our physiology and psychology
can be controlled. In fact, the shape and arrangement of our cerebral cortex and its associated organs
are controlled by our voluntary muscular system,
i. e. by having postures as a habit. In fact, our ancestors have developed many methods to control the
shape and arrangement
of our cerebral cortex,
though they did not know why they work and
could not explain them on scientific grounds, such
as postures as a habit in exercise, sleep, sexual intercourse, sitting, walking, or any kind of sports
or device which voluntary muscular movements or
postures as a habit are involved. In fact, all known
cases of malign and benign diseases that can be
cured without having any known medical treatment
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must have some changes in the shape and arrangement of his or her cerebral cortex and its associated
organs to make him or her healthy again by chance
or by accident. 'These cases are not miracles. In addition, by analyzing one's different postures'it
is
possible to know his/her physiology or psychology,
which is Useful in diagnosis or prognosis of certain
physical and mental diseases. Furthermore,
it is
possible to tell one's physiology and psychology at
different times by analyzing his/her handwriting at
different stages of his/her life. The author also
found that musculature on our face, the shape of
the eye brows and the lines on our hands change as
a result of changing in habits of certain postures in
different times of our life which reflect a change in
our psychology and physiology.
There are many ways to prove that our voluntary muscular system controls functions of the
brain. One of the immediate consequence is that
decussation of nerve fibers in the brain stem can be
interpreted.
It usually needs a signal from the cerebral cortex to execute a voluntary movement. It is
also known that the left-brain controls the right
side of the muscular system, and vice versa. In
fact, when a signal is executed from the left-brain
for a voluntary movement on the right side, the
muscles on the right side will exert a signal to the
right brain so as to set a balance on the left side of
the muscular system. The reverse is also true,
which is essential in maintaining homeostasis. This
can be easily proved in a laboratory where facilities
for measurement of electrical activities are available.
It is recorded clinically that many diseases, including the communicable diseas~s, tuberculosis,
and the non-communicable
diseases, various kinds
of cancer, can be cured without the intake of
medicine or having other known medical treatment'S. Scientists should not believe in miracles.
The mechanism on these is simple, as there must
be some changes on the shape and arrangement of
the patients' cerebral cortex for them to get recovered. In fact, numerous malignant and benign diseasesare given arisen because there were changes in
the shape and arrangement of the cerebral cortex.
It is also under the same mechanism which people
with malignant and benign diseases can be cured
without having medical treatments.
Laws of the overall control of the nervous system explain the etiology of many non-communicable
diseases and some communicable diseases. Theyexplain how many psychiatric sicknesses are given
rise, including epilepsy, schizophrenia,
affective
disorder, hysteria, obsessional states, and finally
sexual disorder. They explain how we can get

cured in many sicknesses without the intake of
medicine and receiving any known medical treatment. They also explain how physiological brainwashing is possible. By the application of these hypotheses mental giants such as Einstein and other
great thinkers can be produced in a sleyp IiJ,Qoratory. Dunkell (1977) found that people with different
sleep postures have different personality. But how
about if we ask people to change their sleeping positions as a habit? Shall we expect a change in his/
her personality as well? I believe and support the
statement that there will be a change in personality
from the first type to the second type. If not, all
information from Dunkell' s book will be invalid.
Therefore,
sleep postures as a habit can portray
one's tendency for different diseases. Budda did
sleep in some particular position as a habit, and he
was also famous for his ability to control his physiology and psychology. I believe that Budda was the
first person, who knew some of the ways to control
human physiology and psychology, by sleeping or
sitting in some particular positions. My Laws can
link up the gap between oriental and western
medicine. I believe that Buddhism is a treasure
source of information on how to control human
physiology and psychology through different postures.
Therefore, if we can control the shape and arrangement of one's cerebral cortex, we can control
his or her sicknesses. Unfortunately,
no controlled
experiment on this has been done and the author
thinks a study on the relationship between shape
and arrangement of the cerebral cortex and its associated organs, and psychopathological
variables is
necessary.
In the coming few decades, scientists can devise means to alter or change patient's
shape and
arrangement of their cerebral cortex and its associated organs by means of electrical methods, such as
the Electro-convulsive
Therapy , Yoga exercise,
breathing exercise, chemical convulsants,
or any
voluntary movement which muscles are involved,
so as to cure diseases. This is very important in the
treatment of all kinds of sickness symptoms,
no
matter physical or psychological, mild or serious.
(3) Effects on change in the shape and arrangement of our cerebral cortex on the quantity of
hormonal secretions.
When there are changes in postures as habit,
such as having a particular kind of sports, exercise,
there are always changes in quantity of different
hormonal secretions, as demonstrated by Law 3 of
the overall control of the nervous system in human
beings. One of the very factors how Yoga exercise
is effective in controlling our physiology as well as
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our psychology is that Yoga exercise has profound
influence on the quantity of different hormonal secretions. The shape of our skull is another factor,
which can determine our physiology and psychology, as the shape and arrangement of our cerebral
cortex always depends on the shape of our skull. As
far as to healing diseases are concerned, we certainly can control our postures as a habit to deal with
the benign and malignant diseases.

~

(F) Inter-relationship between the three laws
.
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The shape and arrangement
of our cerebral
cortex control our physiology and psychology (Law
1) and the shape and arrangement of our cerebral
cortex in turn is controlled by our postures as a
habit (Law 2). Postures as a habit controls our
physiology and psychology, this is possible because
the shape and arrangement of our cerebral cortex
controls the secretions, in terms of quantity, of different major and organ hormones (Law 3) .
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Abstract: Intracellular cytokines/chemokines IL-1a, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-16,
IFN-)', TNF-a, GM-CSF, MCP-1, MCP-3, MIP-1a and RANTES in T lymphocytes from normal donors (n =8)
and patients with primary acute T lymphoblastic leukemia (T-ALL) (n = 35) was detected followinga 6-hr stimulation with PMA and calcium ionophore A23187. Significantly decreased percentages of cytokine/chemokine positive cells in T-ALL leukemic blasts were observed for IL-2, IL-16, IFN-a, TNF-)' and GM-CSF. In contrast, significantly increased percentage of cytokines/chemokines positive cells in T-ALL leukemic blasts was observed for IL4, IL-8, IL-12 and MIP-1a. No significant differences were observed between TALL leukemic blasts and normal
T lymphocytes for IL-1a, IL-3, IL-5, IL-6, IL-10, MCP-l, MCP-3 and RANTES. Also, the T-ALL patients
can produce some cytokines/chemokines positive cells that normal donors usually do not produce under the PMA
stimulation, such as IL-12 and MIP-1a. In 23 cases of T-ALL patients with the leukemic blast phonotyping of
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CD3 CD7+ , a minor populationof CD3+ CD7+ T cells was alsoobserved in 16 patients. Compared with T lym-

\
~
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phocytes from normal donors, the CD3 + CD7+ cell populations in these T-ALL patients revealed significant higher
percentages of IL-4, IL-8, IL-12 and MIP-la cytokines/chemokines positive cells as well as significant lower percentagesof IL-2, IL-16, IFN-a, TNF-)' and GM-CSF cytokines/chemokines positive cells. Compared with the
CD3-CD7+ leukemic blasts from these patients, the CD3+ CD7+ cell populations revealed significant higher percentages of IL-2, lL-4 and IL-12, IL-16 and IFN-a cytokines positive cells. No significant differences of IL-1a,
IL-3, IL-5, IL-6, IL-8, IL-10, TNF-)', GM-CSF, MCP-1, MCP-3, MIP-1a and RANTES positive percentages

I

are found between the CDr CD7+ and CD3+ CD7+ cell populations. Detection of cytokineslchemokines in

\

leukemic blasts may prove useful for predicting and monitoring response to therapies in which cytokines could be
used as potential immunomodulators or therapeutic targets. [Life Science Journal. 2006; 3 (1) : 29 - 34] (ISSN:
1097 - 8135).
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Introduction

T-cell acute lymphoblastic leukemia (T-ALL)
is a malignant disease resulting from the clonal proliferation of T lymphoid precursors. It accounts for
about 15 % of all ALL cases in children and 20 %25% in adults (Rivera, 1995; Uckun, 1998). TALL is thought to originate inside the thymus and
leukemic cells express phenotypic features corresponding to distinct maturational stages of thymocyte development:
early (stage I), intermediate
(stage II), or late (stage Ill) (Heerema,
1998;
Foa, 1986). Because leukemia cells may retain certain features of their normal counterparts,
their
characterization
with respect to cytokine responsiveness can provide valuable information about the
differentiation state of malignant cells and their dependence on the microenvironment.
Cytokinesl

chemokines and its roles in the T-ALL leukemic
cells have been studied by many researchers
(Dibirdik,
1991; Masuda,
1991; Karawajew,
2000; Scupoli, 2003). It showed the effects of IL7, IL-4, and IL-2 regarding the induction of proliferation in childhood T-lineage acute lymphoblastic
leukemia (T-ALL),
and their potential as growth
factors has been pointed out (Dibirdik, 1991; Masuda, 1991).
Inhibition of in vitro spontaneous
apoptosis by IL-7 correlates with Bcl-2 up-regulation, cortical/mature
immunophenotype,
and better early cytoreduction of childhood T-cell acute
lymphoblastic
leukemia
has
been
observed
( Karawaj ew, 2000; Scupoli, 2003).
However,
many cytokines/chemokines
have not been studied
with T-ALL leukemic cells. Therefore, in the current study we investigated 17 different cytokinesl
chemokines
intracellular
expression
profiles in
leukemic blasts as well as in the non-leukemic cells
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from 35 patients with T-ALL. Our data demonstrated that many different cytokines/chemokines
could be detected in leukemic blasts with intracellu-

rnAb
Il-1a
IL-2
IL-3
IL-4
IL-5
IL-6
IL-8
IL-1O
IL-12
IL-16
IFN-y
TNF-a

Materials and Methods

Patients and normal donors
All of the 35 patients with T-ALL fulfilled the
French-American-British
(FAB)
Cooperative
Group criteria (Bennett, 1981). Age range of patients was 14 - 52 years with 23 males and 12 females. Eight normal donors with age range of 2040 years were included in this study as the normal
controls.
2 .2 Cells preparation
Peripheral blood samples were collected, after
informed consent, from 35 adult patients with
newly diagnosed T-ALL. Immunophenotype analysis of T-ALL blasts was performed by direct immunofluorescence and flow cytometry with a FACScan instrument(Becton-Dickinson, San Jose, CA,
USA) . Peripheral blood mononuclear cells
(PBMC) were isolated with Ficoll-Hypaque. Before use, the cells' viability consistently exceeded
90% in each sample, as assessed by propidium-iodide (PI) dye exclusion. Then PBMC was stimulated with PMA (phorbol 12-myristate 13-acetate,
Sigma) 50 ng/ml and Calcium Ionophore A23187
(Sigma) 1f-1g/ml in the presence of BD GoIgiStopTMprotein transport inhibitor 2 mM at 37'C,
7% CO:?for 6 hours. Stimulated cells were stained
surface with CD3 or CD3 and CD7, combining intracellular with anti-cytokine/chemokine monoclonal antibodies(See Table 1). Data was acquired on a
FACScan instrument (Becton-Dickinson, San Jose,
CA, USA) and analyzed with CELLQUEST software.
Values were expressed as mean i SD. Differences (P values) were evaluated using the 2-tailed
Student's t-test. Differences were considered statistically significant for P < 0.05.

GM-CSF
MCP-1
MCP-3
MIP-1a
RANTES

2. 1

Table 1

Anti-cytokine/chemokine

monoclonal antibodies

cm
CD7

I
}~

t

used in this study

lar staining by flow cytometry after in vitro stimulation. Compared with T lymphocytes from normal
donors,
a significant
decrease
of cytokine/
chemokine production in T-ALL was observed for
IL-2, IL-16, IFN-a, TNF-y and GM-CSF.
In
contrast,
a significant
increase of cytokines/
chemokines production in T-ALL was observed for
MIP-1a and IL-8. Furthermore,
independent analysis of leukemic blasts and non-leukemic cells of TALL patients revealed differences in cytokines/
chemokines production.

2

Cytokines and Chernokines

Clone name

Fonnat

J
I

MQl-17H12
BVD3-1F9
MP4-25D2

PE*
PE
PE
PE

JESl-39D10
MQ2-13A5
G265-8

PE
PE
PE

i

JES3-9D7
Cll.5
14.1
4S.B3
MAbll
BVD2-21Cll

PE
PE
PE
PE
PE
PE
PE

~

364-3B3-14

5m-F7
9Hll
llA3
2D5
HITIa
M-T701

PE
PE

,

~

}
J

J
I
~

PE

~

PE-Cy5
FITC* *

;

* * FITC: Flourescein isothio* PE: Phycoerythrin.
# All monoclonal antibodies are from BD Biocyanate.
sciencesPhanningen.

I

,

J

,
J

.

I

Table 2. Comparison of cytokine prqducing cells between
nonnal donor T cells and T-ALL leukemic
blasts.
----

Nonnal T lympho T-ALL Blasts
(N=8)
(N=35)
IL-1a
0.HO.1
0.3:t0.2
IL-2
52.8:t7.4
15.5:t13.3
IL-3
0.5:t0.3
0.HO.2
IL-4
3.2:t1.3
5.8:t5.3
IL-5
0.4:t0.3
0.4:t0.2
IL-6
0.5:t0.1
0.8:t0.7
IL-8
9.7:t 2. 6
47. 8 :t 33. 5
IL-1O
0.3:t0.1
0.4:t0.2
IL-12
0.2:t0.1
2.0:t2.4
IL-16
91.9:t3.8
30.9:t16.0
19.8 :t 7. 1
8.2:t 6. 1
IFN-Y
TNF-a
33. 2 :t 7. 5
10. 4 :t 10. 4
12. 3 :t 4.0
5. 2 :t 4. 5
GM-CSF
0.HO.1
0.3:t0.2
MCP-1
0.5:t0.3
0.4:t0.2
MCP-3
4.3:t2.1
28.2:t23.4
MIP-1a
0.3:t0.1
0.HO.2
RANTES
3

P VI
aue
>0.05
<0:001
>0.05
>0.05
>0.05
>0.05
<0.05
>0.05
<0.05
<0.001
< 0.001
< 0.001
<0.01
>0.05
>0.05
<0.05
>0.05

Results

In the T-ALL patients, two different kinds of
immunophenotyping
of the leukemic blasts were
observed in this study. Among these 35 T-ALL patient circulating leukemic blasts, 23 patients' blasts
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had the phenotypingof CD3- CD?+ , while 12 patients' blasts had the phenotyping of CD3 + CD?+

..

(Figure

~

1).

In the 23 patients'

blasts with the

CDr CD? + phenotyping, a minor CD3 + CD?+ cell
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population was observed in 16 patients (Figure 2).
After staining with different fluorescence conjugated antibodies, intracellular cytokines/chemokines
were analyzed in these different cell populations using different flow cytometric gating strategies.
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Figure 1. Legend : Two different phenotypings

of leukemic blasts were observed in this study,

panel showed the leukemic blasts with CD3+Cm+
and CD7 FITC (X-axis).
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Leukemic blasts produce many different cytokines/chemokines
that can be detected with in-
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tracellular staining by flow cytometry.
By gating
on the leukemic blast populations, we analyzed different cytokines/chemokines
production. We found
that leukemic blast could produce many different
cytokines/chemokines
that could be detected with
intracellular staining by flow cytometry,
although
the variation was quite big between different patients. Compared with normal donor T lymphocytes, significant
decreased percentages
of cytokine/chemokine
positive cells in T-ALL leukemic
blasts were observed for IL-2, IL-16,
IFN-a,

TNF-y and GM-CSF. In contrast, significant increased percentage of cytokines/chemokines positive cells in T-ALL leukemic blasts was observed
for IL-4, IL-8, IL-12 and MIP-1a. No significant
differences were observed between T-ALL leukemic
blasts and normal T lymphocytes for IL-1a, IL-3,
IL-5, IL-6, IL-10, MCP-1, MCP-3andRANTES
(Table 2). Also, the cytokines/chemokines profiles from T-ALL patients were quite different from
normal donors. Under the PMA stimulation condition, all normal donors produced detectable amount
of IL-2, IL-4, IL-16, IFN-y, TNF, GM-CSF and
IL-8 positive cells, but no detectable IL-1a, IL-3,
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IL-5, IL-6, IL-lO, IL-12, MCP-1, MCP-3 and
RANTES positive cells. However, the T-ALL patients could produce some cytokinesl chemokines
positive cells that normal donors usually do not produce under the PMA stimulation, such as IL-12
and MIP-1a.
~~
1!
Nz
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the normal T cell in these T-ALL patients. Independent analysis of this CO3 + CD?+ T cell population revealed differences in cytokines/chemokines
positive cell percentages when compared to either
the cor CD7+ leukemic blasts from the same patient or T lymphocytes from normal donors. Compared with T lymphocytes from normal donors, the
CO3+CO7+ cell populations in these T-ALL patients revealed significantly higher percentages of
IL-4, IL-8,
IL-12 and MIP-1a cytokinesl
chemokines positive cells as well as significantly
lower percentages of IL-2, IL-16 , IFN-a, TNF-y
and GM-CSF cytokines/chemokines positive cells
(Table 3).
Compared with the cor CO7+
leukemic blasts from these patients,
the
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higher percentages of IL-2, IL-4 and IL-12, IL-16
and IFN-a cytokines positive cells. No significant
differences of IL-1a, IL-3, IL-S, IL-6, IL-8, IL10, TNF-y, GM-CSF, MCP-1, MCP-3, MIP-1a
and RANTES positive percentages were found between the cor CO7+ and CO3+CO7+ cell populations (Table 4).
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In 23 cases of T-ALL patients with the
leukemic blast phonotyping of CO3 - CO7 + , a minor population of CO3 + CO7 + T cells was also observed in 16 patients. We considered this minor
CD3+CD7+ population as the non-leukemic cells or

IFN-Y
TNF-a
GM-CSF
MCP-l
MCP-3
MIP-la
RANTES

4

(N=8)
0.3:t0.1
52.8:1:7.4
0.5:1:0.3
3.211.3
0.410.3
0.510.1
9.7:t2.6
0.3:t0.1
0.210.1
91.9:1:3.8
19.8:1:7.1
33.217.5
12.3:t 4. 0
O.3:tO.l
0.5:1:0.3
4.3:t2.1
O.3:tO.l

T-ALL ern + CD7+
(N= 16)
O.3:tO.l
11.6:1:7.1
O.3:tO.l
6.214.5
0.4:1:0.2
0.4:1:0.2
31. 21 19.0
1.0:1:1.6
7.8:1: 17,1
41.1:1: 30. 2

9.7:t 11.7
8.3:t9.5
5.415.7
0.9:1:1.6
0.3:t0.2
15.51 13.2
2.7:t8.3

P value
>0.05
<0.001
>0.05 .
<0.05
>0.05
>0.05
<0.01
>0.05
<0.05
<0.001
<0.05
<0.001
<0.05
>0.05
>0.05
<0.05
>0.05
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Discussion

Cytokines/chemokines
are very important factors in human immuno-regulation.
Cytokinesl
chemokines producing cells detection can provide
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critical infonnation for cell-cell interaction in human body. There are different methods to detect
cytokinesl chemokines producing cells, such as
ELISPOT, flow cytometry, immuno-radioactive
assay, etc. Intracellular cytokines/chemokines
staining by flow cytometry combining with cell surface staining with different monoclonal antibodies
not only can detect cytoklines/chemokines producing cells, but also can provide further infonnation
such as which of cell subpopulation can produce
what kind of cytokines/chemokines. It is known
that different cell populations can produce different
cytokines. Detection of the cytokinesl chemokines
producing cells would provide further infonnation
for understanding the function of cyteokinesl
chemokines producing cells in immunoregulation.
Table4.
Comparison of cytokine producing cells between
leukemic blasts (CDr CD7+) and non-leukemic cells
(CD3+ CD7+) from T-ALL patients with leukemic blast
phenotyping

I
~
t

IL-la

\
I
l~

IL-3
IL-4

\
l
\

,
l
I

\

It

\
l;

CD3 - CD7

+

.

T-ALL
cm+cm+ T-ALLcm-cm+
(n = 16)
(n = 16)
IL-2

IL-5
IL-6
IL-8
IL-1O
IL-12
IL-16
IFN-y
TNF-a
GM-CSF
MCP-l
MCP-3
MIP-la
RANTES

O.HO.l
11.617.1
O.HO.l
6.214.5
0.HO.2
0.410.2
31.2:t19. a
1.011.6
7.8:t17.1
41.1 1 30.2
9.7111.7
8.H9.5
5.415.7
0.911.6
0.HO.2
15.5113.2
2.718.3

0.410.2
3.617.0
0.510.2
3.713.2
0.410.2
2.416.5
39.l:t 32.2
0.510.1
0.610.4
19.a 1 25.2
1.010.7
13.0110
. 7.518.6
1.212.5
0.510.2
16.6125.5
0.610.5

P value
>0.05
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mains mostly unknown, the detection of cytokinel
chemokines producing cells both in the leukemic
blasts and non-leukemic cells would provide important
infonnation
regarding
the
cytokinesl
chemokines production.
Our data demonstrated the abnonnal cytokines/chemokines production pattern in the TALL patients, compared with nonnal T lymphocytes. T-ALL leukemic blasts have the significant
lower producing ability for IL-2, IL-16, IFN-o:,
TNF-y and GM-CSF. In contrast, T-ALL
leukemic blasts have the significant lower producing
ability for IL-4, IL-8, IL-12 and MIP-10:. Interestingly, the T-ALL patients can produce some cytokines/chemokines positive cells that nonnal
donors usually do not produce under the PMA stimulation, such as IL-12 and MIP-10:. These abnormalities of cytokine/chemokine production could
due to the clonal expansion of the T-Iymphoid precursors.
Combined with surface staining of CD3 and
CD7 monoclonal antibodies, we further classified
the patients' lymphocytes in 16 patients, who have
the leukemic blasts with CD3 CD7+ phenotyping,
into two different populations: leukemic blast and
non-leukemic cells. The cytokines/chemokines producing cells are different between these two different cell populations. Compared witr T lymphocytes
from nonnal donors, the CD3 + CD7+ cell populations in these T-ALL patients revealed significantly
higher percentages of IL-4, IL-8, IL-12 and MIP10: cytokines/chemokines positive cells as wel} as
significant lower percentages of IL-2, IL-16, IFN0:, TNF-y and GM-CSF cytokines/chemokines positive cells. Compared with the CDrCD7+
leukemic blasts from these patients, the CD3 +
CD7 + cell populations revealed significantly higher
-

<0.05
>0.05
<0.05
>0.05
>0.05
>0.05
>0.05
<0.05
<0.05
<0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05

I

l

Cytokines and Chemokines

T-ALL is a special type of leukemia involving
the T-cell clonal expansion of leukemia cells. We utilized the well-established cytokines/chemokines
intracellular staining methods as well as the
reagents from BD Biosciences to detect cytokinesl
chemokines producing cells in T-ALL leukemic pa"
tients. The different leukemic blasts not only have
different morphology and immunophenotyping, but
also have different patterns of cytokine/chemokine
producing cells. Although the role of many different cytokinesl chemokines in the leukemia still re-

percentages of IL- 2 , IL-4 and IL-12, IL" 16 and
IFN-o: cytokines positive cells. These cytokines involved both the Th1 and Th2 type cytokines that
can be produced by different kinds of T cells. The
increase of several different cytokines/chemokines
producing cells among the non-leukemic cells in TALL patients could be the results of stimulation by
the leukemic blasts, or the immuno-regulation
of
the in vivo cell-cell, cell-cytokine interactions. Detection of cytokinesl chemokines in leukemic blasts
may prove useful for predicting and monitoring response to therapies in which cytokines could be used
as potential immunomodulators
or therapeutic targets.
5
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Conclusions

In this study, we demonstrated that:
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( 1) Intracellular cytokinesl chemokines can be
detected in the leukemic cells from T-ALL patients
by multiparameter
flow cytometry analysis after 6hour PMA stimulation.
(2) T-ALL leukemic blasts have abnormal cytokine/chemokine
producing cell patterns,
compared with normal T lymphocytes.
(3) Different levels of cytokines/chemokines
productions
were observed
between
the nonleukemic
(CD3 + CD7+)
and
leukemic

(CD3 CD7+) cell populations in T-ALL patients
-

with CDr

CD7+ phenotyping

of blasts.
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Abstract: Serum tumor marker (TM) is one of the major research topics of modem oncology, while the serum detection of lung cancer (LC) has become an important target for the diagnosis of malignancy. However, a single TM
would not be satisfactory in both sensitivity and specificity for detection, which shows its limitation in diagnosing
LC. Thus, for LC patients, we combined the examination of lung tumor-associated antigen (LTA), cytokeratin
fragment antigen 21-1 (CYFRA21-1),
carcinoembryonic antigen (CEA) and neuron specific enolase (NSE) in the
diagnosis of this mortal disease. The aim of this study is to evaluate the role of the combined detection in the diagnosis of lung cancer. In our series, patients were divided into three groups named lung cancer (LC) group, benign
lung disease (BLD) group and control group. The LC group was then subdivided into two subgroups named nonsmall cell lung cancer (NSCLC) subgroup and small cell LC(SCLC) subgroup. The NSCLE patients were further
divided into squamous cell carcinoma subjects and conducted adenocarcinoma patients. The latex agglutination (LA)
assay was performed to measure the LTA level of all the subjects. Radioimmunoassay (RIMA) was performed to
detect CYFRA21-1, CEA and NSE. The significant data of contrasts among various groups were found through
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was used to compare

the positive

rates.

The positive

rates of LTA in NSCLC,

CYFRA21-

1, NSE and CEA in LC patients were much higher than those in BLD patients and normal control with significant
difference between them (P<O. 01). The positive rates of LTA in NSCLC, CYFRA21-1 in squamous carcinoma,
CEA in adenocarcinoma and NSE in SCLC were 75. 6%, 84.6%, 81.4% and 82. 3% respectively, with a significant difference between them (P<O.O1).
Obviously, there was a correlation between their positive rates and the

.
I

'I

t.

pathological

types of LC.

The serum levels of LTA,

I

CYFRA21-1,

CEA and NSE in stage

IIIand

stage

N

patients

II with

a significant difference (P < 0.01). The positive rates of
combined detection of LTA, CYFRA21-1; CEA and NSE were higher than detecting one or three of the above four
items. We think LTA is sensitive in distinguishing LC from BLD, among which NSCLC is the highest. This may'
aid the diagnosis of LC. CYFRA21- ~, NSE and CEA are valuable for LC diagnosis. Squamous carcinoma has the
highest CYFRA21-1 positive rates, whereas pulmonary adenocarcinoma shows the highest CEA positive rates. For
SCLC, the highest positive rates are showed in NSE. The united detection of LTA, CYFRA21-1, CEA and NSE
is effective in raising LC detection rate. [Life Science Journal. 2006;3(1): 35 39J (ISSN: 1097 - 8135).

were much

\

l
.

l

higher

than those in stage

and stage

-

l

Keywords: lung cancer; tumor-associated antigen (LTA); cytokeratin fragment antigen 21-1 (CYFRA21-1);
cinoembryonic antigen (CEA); neuron specific en.olase (NSE)
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Introduction

Lung cancer is one of the leading causes of
cancer death throughout the world with more than
one million death annually. The poor survival rates
are due to the propensity for early spread, lack of
effective tools for screening and early diagnosis,
and the inability of systemic therapy to cure
metastatic focuses. The discovery that many tumor
markers were shed into the circulation led to great
expectations that a serum tumor markers test could
be developed to detect early lung cancer (Ando,
2003). Many studies evaluated tumor markers such
as NSE, CEA, CYFRA21-1
and LTA, which

were found through detection of NSCLC (nonsmall cell lung cancer) (Nackaerts, 1997). Unfortunately, none of these tumor markers proved to be
useful or cost -effective in lung cancer screening.
However, we have conducted combined detection of
the LTA, CYFRA21-1,
CEA and NSE in the diagnosis of this mortal disease in order to evaluate
the clinical significance of combined detection in the
diagnosis of lung cancer.

2

Materials and Methods

Subjects (n = 201) were divided into 3
groups: normal group (control, n = 33, male 13,
female 20, age between 22 - 78 years); benign
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lung disease group (BLD, n = 69, male 37, female
32, age between 24 - 84 years; including acute
bronchitis 9 cases, pneumonia 38 cases, pulmonary
tuberculosis 10 cases, bronchial asthma 9 cases,
bronchiectasis 3 cases) and lung cancer group (n =
99, male 62, female 37, age between 36 - 78
years); according to pathology diagnosis: NSCLC
82, squamous carcinoma 39, adenocarcinoma 43,
small cellI ung cancer (SCLC) 17. The stages were
sorted as DICC standard (1997), stage I + II: 17
cases (NSCLC 13 cases, SCLC4 cases), stage III :
47 cases (NSCLC 39 cases, SCLC 8 cases), stage
N: 35 cases (NSCLC 30 cases, SCLC 5 cases).

Serum were collected and stored at - 20'C .
The latex agglutination (LA) assay was performed
to measure the LT A level. Radioimmunoassay (RIMA) was performed to detect the CYFRA21-1,
CEA and NSE levels. Statistical analysis was carried out by SPSS 10.0 software.
3

Results

3. 1 The levels of four tumor markers in lung
cancer, BLD and control groups (Table 1)
According to the results of tumor marker levels
from the normal control cases (n

= 33),

we deter-

mined the normal ranges as LT A < 50 units, CEA
<15 f-LglL, NSE<20 f-LglL,CYFRA21-1<3.3
f-LglL.
3.2 The positive rates, specificity and sensitivity
of four tumor markers in lung cancer, BLD and
control groups (Table 2)

We detected 16 false positive cases in 69 BLD
patients, which were consisted of LT A (n = 9) ,
CEA (n = 4), NSE (n = 1), CYFRA21-1 (n =
2). The difference of LTA levels might be used to
distinguish lung cancer from benign lung diseases.
3. 3 Positive rates of tumor markers in different
lung cancer groups (Table 3)
According to different types of lung cancer,
there were different positive rates of tumor markers. The positive rates of LTA, CEA, CYRFA211 in NSCLC patients were significantly higher than
those of SCLC patients. An even higher CEA positive rate (81. 4 %) was found in adenocarcinoma
than in squamous carcinoma patients (P < O. 05) .
The positive rate of CYRFA21-1 was 84. 6%,
which was much higher than the adenocarcinoma's
level (P < O. 05). The NSE positive level was
82.3%, markedly exceeding the NSCLC patients'
level (P<O.Ol).
3.4 The positive rates of tumor markers in different stages of lung cancer (Table 4)
The LTA, CYFRA21-1,CEA and NSE levels
in stage I, II were significant lower than those in
stage Ill, N (P < O.01). Moreover,the tendency
was increasing of four detected tumor markers accompanied by the disease development.
3.5
The positive rates in lung cancer that were
determined by combinative detection of the four
tumor markers can be seen from Table 5.
The positive rate of lung cancer has been up to
94.9%.
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Group (cases)

Table 1. Tumor marker levels in different groups (~
LTA 0units)
CYFRA21-1 (l1gIL)
CEA(l1gIL)

NSE(l1gIL)

Lung cancer(99)
158.4:t 87. 3 *
13.9:t 11.4 *
29.5:t 27. 8 *
21.O:t29.2 *
BLD(69)
60. 3 :t 12. 56
1. 7 :t1. 26
10. 4 :t 2. 26
12. 6 :t 6. 86
Control(33)
30.0:t12.6
1.3:t0.9
11.4:t1.8
1l.l:t4.5
*Comparisonsbetween lung cancer,BLD,control groups, P < 0.05; 6Comparisonsbetween BLD and control groups, P > O.05
Table 2. The positive rates, specificityand sensitivity of four tumor markers in different groups (%)
Lung cancer
LTA
CYFRA21-1
CEA
NSE
Positive rates
NSCLC
75.6(62182)
73.2(60/82)
74.4(61182)
32.9(27/82)
SCLC
29.4(5117)
29.4(5/17)
35.3(6/17)
82.3(14/17)
Specificity
89.2(911102)
98.0(100/102)
96.1(981102)
99.0(1011102)
Sensitivity
67.7(67/99)
65.7(65/99)
67.7(67/99)
41.4(41199)
Specificity

= control

groups negative case.', 1 BLD + normal groups cases; Sensitivity

= Positive

rates of cancer groups 1 cancer

groups cases
Table 3.
Group (cases)
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The positive rates of tumor markers in different types of lung cancers (%)
LTA
CYFRA21-1
CEA

NSE

NSCLC(82)
75.6 * (62182)
73.2 * (60/82)
74.4 * (61182)
32.9(27/82)
Squamouscarcinomas(39)
79.5(31139)
84.6# (33/39)
66.7(26/39)
38.5(15/39)
Adenocarcinomas(43)
72.1(31143)
62.8(27/43)
81.4&(26/43)
27.9(12143)
SCLC(17)
29.4(5/17)
29.4(5/17)
35.3(6/17)
82.36(14/17)
*Comparisonsbetween NSCLCSCLC, P < O. 01;6Comparisons between SCLC, NSCLC, P < 0.01; # Comparisons between
squamous carcinomas,adenocarcinomas,P < 0 . 05 ;&Comparisonsbetween adenocarcinomas,squamous carcinomas,P < 0.05
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Table 4. The positive rates of tumor markers in different stage of lung cancer (%)
NSE
Stage of lung cancer
Cases
LTA
CYFRA21-1
CEA
17.6* (3/17)
I II
17
41.2* (7/17)
35.3* (5/17)
35.3* (6/17)
7.7(1113)
NSCLC
13
46.2(6/13)
38.5(5/13)
46.2(6/13)
50.0(2/4 )
SCLC
4
25.0(114)
0(0/4)
0(0/4)
44.7(21147)
III
47
68.1(32147)
70.2 (33/47)
70.2 (32/47)
35.9(14/39)
NSCLC
39
76.9(30/39)
76.9(30/39)
76.9(30/39)
87.5(7/8)
SCLC
8
25.0(218)
37.5(3/8)
25.0(218)
48.6(17/35)
N
35
80.0(28/35)
74.3(26/35)
77.1(27/35)
40.0(12/30)
NSCLC
30
86.7(26/30)
80.0(24/30)
83.3(25/30)
100.0(5/5)
SCLC
5
40.0(2/5)
40.0(2/5)
40.0(2/5)
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lt
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l

l

,
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*Comparisons between

TableS.

\

I , II, III,N :P<O.Ol
The comparison of positive rates by combinative detection of four tumor markers (%)
Combinative tumor makers
Positive rates
LTA + CEA + NSE

l

80.8
86.9
84.8
87. 9

CEA + CYFRA21-1 + NSE
LTA + CYFRA21-1 + NSE

I
l

LTA + CYFRA21-1 + CEA
LTA + CYFRA21-1 + CEA + NSE

I

...

94.9* (94/99)

I

The positive rate of combinative detection: Two positive cases/cancer groups cases
*Comparisons between combined three detections, P < 0.05

l,
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Cancer of lung and bronchus indeed ranked top
of all cancer death in both genders: The survival of
patients with lung cancer is poor, primarily due to
its early and widespread nature of metastases. By
the time of diagnosis, lung cancer usually has al-
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4. 1

Discussion

ready been disseminated, with only 20%

(80/99)
(86/99)
(84/99)
(87/99)

-

30%

patients having limited-stage disease ( Nackaerts,
1997). Hence, developing new strategies of screening and early detection is critical. Serum tumor
markers in lung cancer have long been studied in
the hope of allowing early detection of the disease in
asymptomatic individuals, improving diagnosis, as
well as monitoring
recurrence after treatments.
Nonetheless, current serum biomarkers have turned
out to be a non-effective clinical tool in screening
and in early diagnosis.
Tumor markers of lung cancer, in general,
can be classified into serum markers, tissue markers and sputum markers. Serum markers stand out
as most attractive due to their easy accessibility over
time. A number of serum tumor biomarkers have
been studied in lung cancer in the past. Nonetheless, no practical serum tumor biomarkers exist fOr
lung cancer. Here, we developed a method of combined detection of four tumor biomarkers in order to
give a new light on screening and early diagnosis of
lung cancer.

L TA and lung cancer diagnosis
Since 1970s, many researches have been focused on proteoglycan and observed that levels of

proteoglycanin lung cancer were 1. 7 - 3. 5 times
more than those of normal lung tissue. Such kind
of proteoglycan has long fragment of proteoglycan,
which is important in tumor's proliferation, metastasis, synthesis collagen. Chondroitin sulfate (Cs)
and hyaluronic acid (HA) are the basic component
of proteoglycan, especially CS, which is related
with the differentiation of lung cancer. Hence, detecting the level of CS might be helpful in diagnosing lung cancer (Kulpa, 2002). We have measured
LTA levels in 201 cases and found that the positive
rates were 6.06%, 13.0%, 75.6%, 29.4% in
normal control, benign lung diseases, NSCLC and
SCLC groups respectively. The specificity of LTA
was 89.2 % and the sensitivity was 67.7 % .
4.2 Clinical applications values of CYFRA21-1,
CEA, NSE in lung cancer
CYFRA21-1lies in the cytoplasm of monolayer and polylayer tumor cells and is consisted of two
monoclonal antibodies of keratin 19. The level of
CYFRA21-1 will rise by the release of soluble fragments that ,were produced by dead tumor cell and
the highest positive rate of CYFRA21-1 was found
in squamous carcinomas (Brechot, 1997; Pujol,
2004) . We have deterinined the positive rate as
well as the specificity of CYFRA21-1 in lung cancer
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as 65. 7% and 98.0%; the positive rate in squamous carcinomas was 84. 6 % prior to that of NSE
(38.5%) and CEA (27.9%).
CEA is one of the most widely used tumor associated markers in the diagnocancersis of lung cancer, and its diagnostic value in lung has be testified
by clinical trials. CEA can been produced by lung
cancer cells and it has been considered to be a better
tumor marker to evaluate the patient's response to
treatment, to monitor disease progression and to
predict prognosis. The levels of CEA rose in about
two thirds of NSCLC patients and one third of
SCLC patients (Buccheri,
2003 j Yoshimasu,
2003; Sakao, 2004). In our research the positive
rate of CEA was 67. 7 % in lung cancer and 96. 1%
in pulmonary adenocarcinomas, in priority to
CYFRA21-1 (62.8%) andNSE (27.9%).
NSE is a glycolytic enzyme and the predominant enolase was found in neural tissue (Fizazi,
1998). It has been recognized that SCLC patients
frequently had increased levels of NSE at diagnosis
compared with control cases (Buccheri, 2003). We
observed the positive rate of NSE in lung cancer
was 41. 4 % , specificity was 99. 0 % , and moreover
the positive rate in SCLC patients was 82.3% with
significant difference with other types of lung cancer, which was similar to the results of other researches.
Consistent with their locations of tumor markers such as CYFRA21-1 (lies in almost all epidemic
.

cells), CEA (lies in adenoidalcells) and NSE (lies
in normal neurocyte and neurosecretory cells), they
are sensitive to pulmonary squamous carcinomas,
pulmonary adenocarcinomas and SCLC, respectively. Our results were identical to the conclusions
with the positive rate of 84.6%,
81.4%,
and
82.3%.
4. 3
Evaluation of combined determination of
LTA, CYFRA21-1, CEA and NSE in lung cancer
In recent years tumor markers have been considered to be more and more important in diagnosis
of malign diseases, but the applications of single tumor markers were limited by their low detective
rates (Takamoch,
2004; Imura, 2003; Okada,
2003; Sawabata, 2002) . As in lung cancer, current serum biomarkers have not been an effective
clinical tool in screening or early diagnosing (Buccheri, 2003; Schneide, 2003; Pujol, 2003) Furthermore, there are different treatments for different types of lung cancer, such as pulmonary squamous carcinomas, pulmonary adenocarcinomas and
SCLC. Here, we measured the combination of four
tumor markers, LTA, CEA, NSE and CYFRA211 in order to evaluate the combined diagnostic value
in lung cancer. We got the positive rates of LTA,

CYFRA21-1, CEA and NSE in lung cancer that
were 67.7%, 65.7%, 67.7%, and 41. 4% j the
specificities were 89. 2 %, 98. 0 %, 96. 0 %, and
99. 0% respectively. The positive rates of combined detection of LTA, CYFRA21-1, CEA and
NSE were higher than that detecting just one or
three of the above four items. The combined detection increased the detection rates of lung cancer to
94.9%.
In conclusion, LTA,
CEA, NSE and
CYFRA21-1 are useful tumor markers in lung cancer diagnosis, and the united detection of LTA,
CYFRA21-1, CEA and NSE is a valuable method
in raising lung cancer detection rate and is especially advisable for the early diagnosis of LC and for its
effective treatment.
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Demethylation of the Estrogen Receptor Gene in Estrogen
Receptor-negative Breast Cancer Cells Treated with
5-aza-2" -deoxycytidine Can Reactivate Functional
Estrogen Receptor Gene Expression
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Abstract: To study demethylation action of 5-aza-2' -deoxycytidine and its effect on the expression of functional estrogen receptor (ER) genes in the human ER-negative breast cancer cell. The methylation status of ER gene in the
ER-negative breast cancer cell was evaluated by methylation specific PCR(MSP) and genomic sequencing. The expression of ER and progesterone receptor (PR) mRNA and production of ER protein were detected by RT-PCR and
Western-blot method, respectively. MTT assay was used to examine the function of re-expressed ER protein. The
ER gene promoter was highly methylated in the ER negative breast cell line MOA-MB-231 and ER mRNA and ER
protein were not expressed in the ER-negative breast cancer cell. The ER-negative breast cells treated with
demethylating agent 5-aza-2'-deoxycytidine(5-aza-2'-deoxyC)
were restored the expression of ER mRNA and PR
mRNA and ER protein. The methylation of ER gene was simultaneOusly decreased and cytosine demethylated in
17/18 CpG island. The growth of cells treated with tamoxifen was inhibited significantly after MOA-MB-231 was
treated with 5-aza-2' -deoxyC (P<O. 05). The abnormal methylation of ER gene promoter plays an important role
in the inactivation of ER gene. 5-aza-2' -deoxyC may lead to demethylation and reactivate functional ER expression
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silenced by aberrant hypermethylation. [Life Science]oumal. 2006;3(0 :40 - 44] OSSN: 1097- 8135).
Keywords: estrogen; receptor; methylation; breast cancer
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Introduction

Breast cancer has been threatening women's
health these years. It has been demonstrated that
estrogen plays an important role in the initiation
and progression of breast cancer. Its mechanism is
that estrogen can combine with estrogen receptor
and stimulate the occurrence of breast cancer, Approximately two thirds of breast cancers express estrogen receptor(ER) and their growth is stimulated
by estrogen (Ferguson, 1995). For these patients,
hormonal therapies target ER pathway are taken
via a variety of mechanism including depletion of
endogenous estrogen, interference with ligand-receptor interactions, or destruction of ER ( Keen,
2003). Compared with combination chemotherapy, endocrine therapy is cheaper and less toxic,
which becomes advantageous and promising. However, the remaining fraction of primary breast cancers lack of detectable ER protein and are rarely re-

sponsive to hormonal therapy (Ferguson, 1995).
ER negative phenotype is associated with increased
tumor grade and proliferation.
Many previous study proved that methylation
plays an important role in loss of ER expression. In
this report we provide evidence that 5-aza-2' -deoxycytidine(5-aza-2' -deoxyC) can lead to demethylation and re-expression of ER mRNA and functional ER protein.
2
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Materials and Methods

2. 1 Cell culture and reagents
Human ER negative breast cancer cell MDAMB-231 and ER positive breast cancer cell MCF-7
were maintained in DMEM with 10% FCS,and the
cell dense was 5 X 105Iml 1 X 1O6/m!. The first
day,MDA-MB-231 cell was treated with O.75p.mol
5-aza-2' -deoxycytidine, The second day the medium
was changed. The third and fifth day, cells were
treated repeatedly as the first day. On the sixth
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day, cells were harvested. 5-aza-2' -deoxyC (Sigma)
was freshly prepared in DMEM.
2.2 Extraction of DNA and RNA
Total RNA was prepared from cells by the
method of TRIZOL and quantified by measuring
absorbance at 260 nm. The integrity of the RNA
and the accuracy of the spectrophotometric determinations were assessed by visual inspection of the
ethidium bromide stained 28S and 18S ribosomal
RNA bands after agarose gel electrophoresis. DNA
was extracted with standard method as described
previously (Blin, 1976).
2.3 RT-PCR
RT-PCR was performed as described previously (Issa, 1994). 11.5 fJ.ltotal cellular RNA were
used for each reverse transcription reaction.
Primers were designed as follows: ER (5' -ATGGAGT CTGGTCCTGTG-3' sense; 5'-TTCGTATCCCACCTTTCA TC-3' anti-sense) and PR
( 5' -CCAGTGCCTCAGTCTCGT-3'
sense; 5'CCTTCCATTGCCCTCTTA-3' anti-sense). The
length for ER and PR PCR amplification product
was 181 bp and 460 bp respectively. ~-actin (5'ACCATGGATGATGAT ATCGC-3 'sense 5/-ACATGGCTGGGGTGTTGAAG-3'
anti-sense).
The length for ~-actin PCR amplification product
was 400 bp. The PCR sample was subjected to
electrophoresis in 1 % agarose gel, stained with
ethidium bromide and visualized by UV light. The

PCR reaction(50 fJ.l)contained lOX PCR buffer 5
fJ.l,dNTP 4 fJ.l,CDNA 5 fJ.l,ER sense and anti-sense
primer 1 fJ.lrespectively, ~-actin primer sense and
anti-sense primer 1 fJ.lrespectively, Taq polymerase
O.5 fJ.l,H2O 33. 5 fJ.l. PCR reaction was performed
in UNO II Biometra PCR.
.
2.4 Western blot analysis
Total cellular proteins extracted from breast
cancer cells were resolved by electropheresis in a
12 % denaturing polyacrylamide gel and proteins
were electrotransferred to nitrocellulose membranes. The ER protein was then identified by using rabbit polyclonal antibody, which was specific
for the ER protein, and the standard ABC Kit. Diaminobenzidine in a buffer was used in the coloration step indicate the presence of the ER protein.
2. 5
Methylation specific polymerase reaction
(MSP) and genomic sequencing
DNA was bisulfite modified as described previously (Herman, 1996) . According to CpGenomeTM
DNA Modification Kit( Catalog # S7820) , both genomic sequencing and MSP rely on chemical modification of DNA samples. The first step of genomic
sequencing was bisulfite modification of the DNA
sample followed by PCR. The PCR products ampli-

fied with primers specific either for the methylated
or for the unmethylated DNA were purified and
cloned on an ABI PRISM 377 DNA Sequencer-D
Sangon by using M13 primers. Specific primers
were designed to distinguish methylated from unmethylated DNA(Blin, 1976). The specific methylated primer ER(m): (51-CGAGTT GGAGTTTT
TGAA TCGTTC-31 ; 5' -CTACGCGTT AACGACG
ACCG -3') The length for PCR product was 151
bpi ER (u): (5' -ATGAGTTGG AGTTTTTGAA
TTGTTT -31; 5'-ATAAACCTACACAT TAACA
A CAACCA -3'). The length for PCR product was
158 bp. The PCR reaction(50 fJ.l)contained 2 X GC
buffer 25fJ.l,8 fJ.ldNTP Mixture (each 2. 5 Mm),
sense and anti-sense primer were 1fJ.lrespectively,
modified DNA 5 fJ.1, LA Taq polymerase 0.5 fJ.l,
ddH2O 9. 5 fJ.l,mix briefly and centrifuge. The
PCR sample was subjected to electrophoresis in 1%
agarose gel.
2.6 MTI
MDA-MB-231 cells treated with 5-aza-2' -deoxyC were detached by O. 25 % trypsinization and
seeded into 96-well plates (Costar, Cambridge,
Mass. ) at 104- 1O5/well in 100 fJ.lof medium contained with estrogen and incubated for 24 h at
37"C. After 24 h, the medium was changed. 10-6
mollL tamoxifen(TAM) or 10-8 mol /L ~ in 200
fJ.lmedium were added and cells were incubated for
an additional 48 h before quantification of cell
growth. The inhibitory effect on cell growth was
examined using the MTT (3-(4,5-dimethythiazol2-yl)-2,5-diphenyl tetrazolium) assay according to
the previously described method(Scudiero,1988).
3

Results

3.1 The methylation status of ER gene CpG Island Region
By MSP, PCR primers were designed to amplify a 158 bp fragment containing 18 CpG sites.
Extensively methylation exited within ER gene
CpG island and PCR products were observed (M
group: 151 bp) in breast cancer cell MDA-MB-231,
after treated with demethylating agent 5-aza-2' -deoxyC ER gene promoter demethylated and products
were observed(U group: 158 bp); DNA from ERpositive breast cancer cell line MCF-7 was unmethylated within ER gene promoter. The result
was shown in Figurel. 1.
The PCR products amplified with primers specific either for the methylated or for the unmethylated DNA were purified and cloned by using M13
primers. Cytosine residues outside of the CpG sites
were converted to thymine after bisulfite treatment. In untreated breast cancer cell MDA-MB-
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231 cytosine residues at CpG sites remained unchanged. In 18 CpG island, cytosine residues at 17
CpG sites cytosines were deaminated and converted
to thymine after bisulfite treatment. The result was
shown in Figure 1. 2.

250 bp

Expression of the ER gene
As shown in Figures 2 and 3, ER gene expression was undetectable by RT-PCR using RNA from
MDA-MB-231. After treatment with 5-aza-2' -deoxyC, the cells began to express the gene at levels
detectable by RT-PCR. In addition, ER protein reexpressed and was detected by Western blot methods. These data were consistent with the previous
findings and affirm that DNA methylation was one
participant in the regulation of ER gene expression
(Herman, 1996). The ~-actin transcripts in each
sample were also amplified as internal controls to
normalize the amount of ER specific products.
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Figure 1.1 The methylation status of ER 5' CpG island by MSP
method
From left to right 1: 100 bp marker: 2: MDA-MB-231 breast
cancer cell: M group: 3: MDA-MB-231 breast cancer cell: U
group: 4: MDA-MB-231 breast cancer cell treated with demethylating agent MDA-MB-231 breast cancer cell:M group; 5:MDAMB-231 breast cancer cell treated with demethylating agent
MDA-MB-231 breast cancer cell: U group: 6: Positive control
MCF-7 cell:M group: 7 :Positive control MCF-7 cell: U group.
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AAGATCCCCCTGGAGCGGCCCCTGGGCGAGGTGTACCTGGACAG

Figure 2. The expression of ER mRNA by RT-PCR method
From top to bottom 1 : 200 bp marker: 2: positive control ER( + )
MCF-7 cells; 3: MDA-MB-231
cells treated with 5-aza-2' -de-
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oxyC: 4: untreated

ER( -) MDA-MB-231
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cells; 5: 100 bp marker
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ER protein production was detected by Western blot analysis. The result is consistent with ER
mRNA expression.
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Figure 3. The ER protein by Western blot analysis
Lane 1: untreated ER( - )MDA-MB-231 cells;
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Lane 2:MDA-MB-231
cells treated with 5-aza-2'-deoxyC
Lane 3: positive control ER( + ) MCF-7 cells
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Figure 1. 2 (A) Original sequence: before bisulfite treatment.
(B) untreated MDA-MB-231 breast cancer cytosine residues at
CpG sites remained unchanged although other cytosines were converted to thymine.
(C) MDA-MB-231 breast cancer cell treated with 5-aza-2' -deoxyC:cell cytosines were deaminated and converted to thymine.

3.3 Functional analysis of ER induced by 5-aza2' -deoxyC
As shown in Figure 4, PR gene was unexpressed at mRNA level. After treatment, PR gene
was re-expressed. Re-expression of an estrogen responsive gene-PR (460 bp) indicated induced ER
was functional.
The growth and sensitivity to estrogen and tomoxifen were investigated by MTT, as shown in
Table 1. There was statistical significance between
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5-aza-2' -deoxyC (control) group and TAM + 5-aza2' -deoxyC group (P < O. 05). After ER protein
was re-expressed , TAM could inhibit the growth of
MDA-MB-23 cells.
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Figure 4. The expm'iSion of PR mRNA by PT-PCR method.
Lane 1: deoxyC treated MDA-MB-231 cells; Lane 2: positive cone
trol:ER( + ) MCF-7 cells; Lane 4: lOObp marker; Lane 5: untreate ER( - )MDA-MB-231 cells
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Table 1. The inhibition rate of MDA-l'v1B-231cells in dillorent treated mert groups by MTT
Therateof
p
N OD(x+/-s)
inhibition
5-aza-2'-deoxyC
(control)160.1672+/-0.0091
TAM+5-aza-2'-deoxyC
160.1530+/-0.0168
E2+5-aza-2'-deoxyC160.1677+/-0.0121
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As MTT was shown, there was statistical significance between 5-aza -2' -deoxyC (control) group
and TAM + 5-aza-2' -deoxyC group(P<O. 05).

.
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Statistical analysis
All results were expressed as mean :t SD. P <
O. 05 was considered statistically significant. All
statistical analysis was performed by using SPSS
11.0 for Windows. Un-paired T test was adopted.
4
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8.49% P<0.05
-0.30% P>0.05

Discussion

The mechanisms involved in suppression of
transcription of genes via hypermethylation at CpG
islands is an area of active research (J enuwein,
2001) . Abnormal DNA methylation of CpG island
is an early event in the progression of some human
cancers ( Baylin, 1991). Many previous work has
demonstrated that ER expression is associated with
rearrangement and re-modeling of the chromatin
structure surrounding the ER gene (Yang, 2001;

Iwase, 2003). Epigenetic modification including
DNA methylation is tightly linked with expression
of ER in human breast cancer cells, suggesting that
chromatin conformation is an essential component
of ER expression (Asch, 2001; Jones, 2002;
Yang, 2001). CpG island hypermethylation may
inhibit transcription by interfering with the recruitment and function of basal transcription factors or
transcriptional coactivators. Also, hypermethylation
of CpG dinucleotides near the transcriptional regulatory region may initiate the recruitment of the
methyl-CpG binding domain (MBD) family proteins that mediate silencing of genes via facilitation
of a repressive chromatin environment(Bird, 1999;
Wade, 2001). With respect to breast cancer, ER
( - ) human breast cancer cells have up to a 40- fold
higher level of DMT mRNA and up to a 9-fold
higher level of DMTactivity than ER ( + ) cells
(Ottaviano, 1994). CpG methylation of the ER
promoter results in transcriptional
silencing
(Lapidus, 1998) and inhibition of DNMT activity
reactivates ER ( Yang, 2001; Yang, 2000). Absence of estrogen receptor expression characterizes
25 % of invasive breast cancer. 25 % of cancers absent of estrogen receptor have hypermethylation in
their promoter (Juttermann, 1994). 5-aza-2' -deoxyC is widely used as DNA methylation inhibitor
to induce gene expression and cellular differentiation (Keen, 2003), but fewer reports are on the
function of re-expressed ER protein.
To test whether ER induced in 5-aza-2' -deoxyC treated cells was functional, cells grown in the
presence of E2 were treated with O. 75 ILM5~aza2' -deoxyC for the indicated number of days. As is
shown by MTT, after MDA-MB-231 cell was treated with demethylating agent 5-aza-2' -deoxyC, OD
value in 5-aza-2' -deoxyC control group was 0.1672
+ / - O. 0091, OD value in 5-aza-2' -deoxyC +

TAM group was O. 1530+ /- o. 0168(P< 0.05)
and the rate of inhibition was 8. 49 % ; OD value in
E2 + 5-aza-2' -deoxyC group was O. 1677 + /
- o. 0119(P >0.05). In MTT experiment, (Table
1) MDA-MB-231 cells were maintained in medium
contained with phenol red and phenol red possess estrogen-like function. TAM as anti-estrogen agent
can block estrogen to exert the function of stimulating growth and be used as endocrine therapy for ER
( + ) breast cancers. MTT demonstrated that TAM
could inhibit the growth of MDA-MB-231 cell with
re-expressed ER protein and reached significant difference( P < O. 05) . E2 could stimulate slightly the
growth of MDA-MB-231 cell with re-expressed ER
protein and reached no significant difference (P >
0.05) . The main reason may be as follows. First,
cells adapt to medium contained with estrogen-like
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substances and are not sensitive to exogenous estrogen. Alternatively, estrogen receptor can be partially re-expressed and reach saturation in endogenous estrogen. The function of stimulating cell
growth has exerted the maximum. All the results
demonstrated that ER was functional. In addition,
we further investigated the ability of the drug-induced ER to activate expression of the endogenous
ER-responsive PR gene (Figure 4). .
In our experiment, MSP method is a most
sensitive method to detect methylation. The result
demonstrated that there was extensively methylation in breast cancer cell MDA-MB-231 ER gene 5'
CpG island. Treatment of the cells with demethylating agents led to demethylation and re-expression
of ER mRNA and subsequent production of the
functional protein (Figures 2, 3) .
Chao et al (Hongxia, 2000) demonstrated
that 5-aza-2' -deoxyC could inhibit tumor growth by
reactivating regulatory-genes silenced by hypermethylation on endometrial carcinoma xenografted
nude mice. Our further study is being under investigation on xenograft nude breast cancer mice.
Therefore, it is conceivable that the demethylating
agents can render ER( - ) breast cancers responsive
to hormonal therapies.
Correspondence to:
Liuxing Wang, Ruilin Wang
Department of Oncology,
The First Affiliated Hospital
Zhengzhou University
Zhengzhou, Henan 450052, China
Email:wlx2246@sohu.com
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Abstract: Some pesticides and synthetic chemicals are known to act as hormonal modulators, often possessing endocrine-disrupting effects. They are persistent and accumulative in environment, wildlife, animals and humans.
The aim of our study was to explore effects of residues of organochlorine pesticides (OCPs) on reproductive endocrinology in human. We determined accumulative levels of DDT and BHC and their metabolites (isomers) in the
71 lying-in women's venous blood and documented associations among levels of total OCPs (T-OCPs), concentrations of follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol and progesterone in blood, and
the expression of alpha-estrogen receptor (a- ER), beta-endorphin (~- EP) and gonadotropin releasing hormone
(GnRH) mRNA in placental and umbilical cord tissues. The results showed that, a) with the increase of blood burden of T-OCPs, levels of FSH, estradiol and progesterone in the women's sera and FSH, LH and estradiol in the
umbilical cord sera increased in a dose-effect manner, respectively. However, LH in the women's sera and progesterone in the cord sera presented a dose-related significant decrease (p< 0.05); b) the abundant expression of a-ER
and ~-EP mRNA in the placental and cord tissues also increased in a dose-dependent manner, respectively, following
the rising pesticides' burdens in maternal sera. While expression of GnRH mRNA in placental tissues presented no
significant difference among the groups, moreover, its expression was not found in umbilical cord tissues; c) number.
of previous adverse pregnancy outcomes (P APO) went up with the increase of the residues' burdens in maternal
sera. But the number of PAPO in the high-residue group was smaller than that in the mid-residue. The average
weights of newborns in the low and intermediate residue groups, but not the high residue group, were heavier than
that in the control group (P < O. 05). These findings provide evidence that the residues of OCPs in maternal blood
possess endocrine-disrupting effects. It seems that estrogenic activity was dominant when concentration of T-BHC
was markedly higher than that of T-DDT in blood. [Life Science Journal. 2006; 3 (1) : 45 - 51] ( ISSN: 1097 8135) .
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Introduction

1, 1, 1-trichloro-2,
2-bis (p-chlorophenyl)
ethane (DOT) and benzenehexachloride
(BHC) of
OCPs were initially introduced as an insecticide into
agriculture production activities and used to control
some vector-borne diseases, such as malaria and typhus (Edward,
2003). They have been officially
banned in the world for two decades because of
their potential harmful effects on humans, wildlife;
and the environment. Their persistence, biomagnification via the food chainF reproductive toxicity,

and endocrine disrupting function have been of
great concerns (Matthew, 2001). Although the
production and application of BHC and DOT have
been officially forbidden in China since 1983, some
of OCPs, for example y-BHC, are still being produced and used in our partial regions (Yang, 2004;
Bao, 1988). Numerous investigations (Yang,
2004; Bao, 1988; Yu, 2001) have reported the
residues of BHC and DOT in maternal milk and
their harmfulness on human health in recent
decades. Their disruptive effects on reproductive
endocrinology include decreased sperm counts, decreased motor ability, rising malformation ratio and
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infertility, and increase of cancer incidence in testis
and prostate in men and prematurity, menstrual
dysfunction, hyperplasia of endometrium, habitual
abortion and increase of cancer in uterus, ovary and
mammary gland in women, causing great concerns
in scientific community. However, the studies on
the association between accumulative levels of pesticides in maternal sera and concentrations of the related hormones and expression of genes remain
scarce. Tainmeng District, a residential area where
the residues of DDT in the female adipose tissue
samples were up to top in China in 1985 (Bao,
1988), was selected as our sampling point. In this
report, we further explored effects of DDT and
BHC and their metabolites on concentrations of the
related hormones in maternal and cord sera and expression of genes in placental and umbilical cord tissues.
2

Materials and Methods

2. 1

Subjects selection and samples collection
The pregnant women who delivered their babies at term in Tianmeng Hospital For Maternal
and Child Care in Hubei province during

J an

1st to

Apr 30th in 2004 were recruited for the present
study, based on a) their history of potential exposure to pesticides; b) their inhabitation duration in
the locality for at least five years without any
known occupational exposure to DDT and BHC,
and c) no hormone use for three months before
their blood samples were collected.
Venous blood samples (10 m!) from the studied individuals by venipuncture at delivery as well
as from the umbilical cords were collected into clear
glass tubes, respectively, precipitated for 30 minutes at room temperature, and followed by centrifugation at 2 000 rpm for 5 -10 min. Sera were
then collected and stored at - 20° C until analyzed.

Placental tissues (10 - 15g) and umbilicalcord tissue samples (10 cm) from the same subjects were
also obtained, rinsed with RNase-free water, and
quickly frozen in liquid nitrogen,
and stored at
- 80° C until used for testing.
Every participant provided written informed
consent and completed a questionnaire on pregnancy
health. We have collected totally 71 maternal and
cord blood samples and 71 placental and cord tissue
samples and questionnaires,
respectively.
These
blood and tissue samples were handled in accordance with the ethic standards established by the
Committee of Ethics and Scientific Research of
Tongji Medical College.
2. 2
Determination
of residue of OCPs in the
blood from pregnant

women at delivery

According to the standard method (GB/
T5009.19-1996) with minimal modification, concentrations of the eight major metabolites of DDT
and BHC were determined by capillary gas chromatography with electron capture detector (GCECD, GC 3800 chromatograph, Varian Co.,
USA. ) using a 30 m X 0.25 mm i. d. WCOT
Fused Silica CP-sil 5 CB (Varian Co., USA.)
with O. 25 flm film and nitrogen carrier gas flow
(99.99 % purity) at 1. 1 ml/min. The injector was
operated in split mode, with a split ratio of 20: 1
and injector temperature of 275t.
The oven temperature was held at 75t for 1 min and programmed at 20t /min to 210t and held for 10
min and then programmed at lOt /min to 260t
and held for 10 min. Detection was by electron
capture within 800 mV signal range and temperature of 300t. Added sample volume per time was
1 fll and the minimum detectable level was O. 005
flg/L. Quantification was facilitated by comparison
of peak areas with those derived from a calibration
curve for each analyte. According to the concentrations of the T-OCPs in the maternal sera, the 71
studied individuals were divided into four groups, 9
of whom with non-detected level ( < O.005 flg/L)
were grouped as the control, other subjects whose
levels of the T-OCPs were within the range of
o. 005~ 10 flg/L, 10 ~ 40 flg/L and 40 flg/L or
greater included 26, 17 and 19 individuals, respectively, of corresponding to the low, intermediate
and high residue groups.
2.3
Determination of levels of the hormones in
maternal and umbilical cord sera
Concentrations of FSH, LH, estradiol and
progesterone in maternal and umbilical cords sera
were determined using the Serozyme kits (BioEkon biotechnology Co. , Beijing, China), following the procedures described by the manufacturer.
Concentrations of FSH and LH were determined by
the technology incorporating two high affinity
monoclonal antibodies into immunoenzymetric system to form a sandwich, while a high affinity monoclonal antibody was used in a competitive enzyme
immunoassay system to detect levels of estradiol
and progesterone. All detected values of samples,
standards and controls fell within the range of quality control standard required by the kits.
2.4 Expression of a-ER,~-EP and GnRH mRNA
in placental and umbilical cord tissues
According to the protocols described by Liu
Hongkai and Grigorakisl SI with modification
(Liu, 2004; Grigorakise, 2000), the total RNA
was extracted as follows. 1 ml Trizol reagent was
added into the 2 ml glass tube to homogenate tissue
(50 - 100 mg). Then the lysate was moved into
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1. 5 ml EP tube without RNase and incubated for 5
min on ice to pennit their complete dissociation.
Then, o. 2 ml chlorofonn was added to each of the
tubes, shaken for 15 sec, kept on for 2 3 min,
and then centrifuged at 12, OOOgfor 15 min at
4 °C. The colorless upper aqueous phase containing
the RNA was transferred to a new tube without
RNase. About 0.5 ml isopropanol was added to the
tube, incubated for 2 hr at - 20°C, and then the
RNA was precipitated by centrifugation (4°C, 10
min, 14,000 g). The RNA pellet was washed with
75 % ethanol and recovered in 10 20 f-Llwater
-

-

treated with diethylene pyrocarbonate
(DEPC).
The RNA purity was checked by both gel electrophoresis and optical density ratio, which was between 1. 8 and 2. o. The RNA solution was preserved at - 70°C for further analysis.

3.0

f-Lgof

in 12

f-Ll of reaction mixture containing oligo dT
primer and MML V reverse transcriptase at 42'(:
for 1 hour. This reaction was stopped by incubation
at 94°C for 5 min. Aliquot of 1 f-Ll of the reverse
transcription reaction was amplified with Taq polymerase (Fennentas Life Sciences Co., USA) in a
final volume of 50 f-Llcontaining 25 mM MgClz, 20
pmol of sequence-specific primers for a-ER, ~-EP
and GnRH (all primers were synthesized by Bioasia
corporation in Shanghai, China) and 2mM dNTP
Mix. The mixture was amplified by PCR for 35 cycles for a-ER (1 cycle = 94°C for 50 sec,57°C for
45 sec, and 72 °C for 1 min), or 35 cycles for ~-

EP (1 cycle
L
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total RNA from each sample was re-

verse transcribed into cDNA using a reverse transcription kit (Fennentas Life Sciences Co. , USA)

= 94°C

for 45 sec, 55°C

for 45 sec,

and 72 °C for 2 min), or 35 cycles for GnRH (1
cycle= 94°C for 50 sec, 60°C for 45 sec, and 72 °C
for 2 min). Primer sequences were designed as follows. a-ER: 5' -GGC T AC ATC ATC TCG GTT
CC-3' and 5'-GTG ATC TTG GCC AGG ACT
CG-3' (product length was 369 bps). ~-EP: 5'CCT ACA GGA TGG AGC ACT TC-3' and 5'GTA GGC GTT CTT GAT GAT GG-3' (product
length was 130 bps). GnRH: 5' -AGC CAG CM
GTG TCT CTG AG-3' and 5'-TTC CAC GCA
CGA AGT CAG TA-3' (product length was 224
bps). Products of the PCR reaction (5
10 f-Ll)
-

were analyzed on 2 % agarose gels in o. 5 X TBE ,
stained with ethidium bromide (EB),
and photographed. To correct the amount of RNA analyzed
and to evaluate the relative levels of a-ER, ~-EP,
and GnRH expression, a ubiquitin gene (~-actin)
was also used as the internal control. The relative
expression was detennined by using the ratio of intensity of target genes to that of ~-actin.
2.5
Statistical analysis

The analysis of variance (ANOV A) with SNK
test was used to compare the data. If their distribution deviated from nonnality or presented heterogeneous variances, nonparametric methods (Wilcoxon
test) were used instead, and the statistics were expressed as median/inter
quartile range. A difference at P < 0.05 was considered statistically significant.

3

Results

3.1
Comparison of major characteristics
for the
studied mothers and their habies and families in
various groups
The studied pregnant women's age range was
from 21 to 35 yr and there was no significant difference among the four groups. The indexes such as
average pregnant times, average laboring times,
average pregnant duration, percent of vaginal delivery (VD) and elective cesarian section (CS), percent of single-fetus
term delivery and average
monthly family income among the groups presented
also no significance (P > o. 05). However,
the
number of PAPO (i. e. , spontaneous abortion, induced abortion, ectopic pregnancy, premature delivery, post-term delivery, et al.) in the low, intermediate, high residue groups were greater than
that in the control group and significant differences
were found. Average weights of newborns in low
and intennediate
groups were markedly heavier
than that in the control group, and the differences
among groups were statistically significant (P <
o. 01 ). Nevertheless,
no difference was observed
between high residue group and the control group
(P > o. 05). It was interesting that rank of the
weight from high to low was the low>
intermediate>
high residue>
the control groups (Table
1).
3. 2
Levels of major metabolites of DDT and
BHC in blood from pregnant women at delivery
The eight isomers, a-, ~-, y-, <3-BHC and p,
p'-DDE, o,p-DDT,
p,p'-DDD,
p,p'-DDT,
were
found in the 62 individuals but not the 9 samples in
the control group, where concentrations of residues
in maternal sera were lower than the minimum detectable level (MDL).
In the low, intennediate
and high residue groups, the percentages of a-BHC
(50.00%,
52.94%
and 63. 16%) and 0, p-DDT
(11 . 54 %, 41. 189{) and 78. 95 %) detennined in
the blood were relatively higher in comparison with
those of ~-BHC (23.08%,
47.06% and 36.84%)
and p,p' -DDE (19.23%,
35.29% and 42.11 %).
In the low, intennediate and high residue groups
means of the total BHC, the sum of a-, ~-, y- and
<3-BHC, were 4. 65 f-Lg/L, 15. 09 f-Lg/L and
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56. 49 ~glL, and means of the total DDT which equaled to the sum of p, p' -DDE, 0, p-DDT, p, p'DDD and p,p'-DDT were O. 72 ~glL, 9.12 ~glL
and 54. 56 ~glL, respectively. The fonner were
significantly higher than the latter. In the control,

low, intennediate and high residue groups the
means of T-OCPs, sum of the eight isomers, were
< O. 005 ~glL, 5. 37 ~glL, 24. 21 ~glL and
111. 05 ~glL, respectively. Significant differences
were found (P<O. 05) (Table 2).

Table 1.

Comparisonof major characteristicsfor the studied mothers and their babies and familiesin variousgroups
Groups
Parameter
Control( n = 9)
Low(n = 26) lntermediate(n = 17) High(n = 19)
Mother' s ~ge (years)
26.56:t 3. 61
25.88:t 3.18
26.82:t 3. 88
25.79:t 3. 49
Average pregnancy number
1. 67:t 1.12
1. 73:t 1. 08
2.18:t 1. 01
2.32:t 1. 57
Average delivery number
1. 22:t O.44
1.19:t O.40
1. 24:t 0.44
1. 42:t O.84
Average pregnancy weeks
38.7:t 4.12
38.5:t 3. 66
38.2:t 4. 51
38.1:t 4. 22
Average number of PAPO
0.33:t 0.50
0.42:t O.50a
0.59:t O.51ab
0.53:t O.51abe
Percent of VD( %)
33.33
11. 54
11.76
21. 05
PercentofCS(%)
66.67
88.46
88.24
78.95
Percent of single-fetus term delivery(%)
100
96.15
100
100
Average weight of newborn(g)
3228:t 404. 75
3408:t 319.28"
3353:t 379. 75"b
3250:t 463. 98be
Average monthly family income(yuan)
1844.4:t 127.5
1830.8:t 201. 3
1788.2:t 154.3
1705.3:t 142.5
Note. Data in the table are mean:t SD except percentage.aYaluescompared to the control, P < O.05. bYaluescompared to the
low-residuegroup, P<O. 05. cYaluescompared to the intermediate,P<O. 05.
I
Table 2.

Levels of metabolites of DDT and BHC in maternal blood
Groups
Parameter
Control( n = 9)
Low(n = 26) lntermediate(n = 17) High(n = 19)
Percent of detected a-BHC (%)
< MDL
50.00
52.94
63.16
Percent of detected ~-BHC ( % )
< MDL
23. 08
47.06
36. 84
Percent of detected )'-BHC (%)
< MDL
3. 85
29.41
68. 42
Percent of detected (J-BHC ( % )
< MDL
42. 31
35.29
5.26
Percentofdetectedp,p'-DDE(%)
<MDL
19.23
35.29
42.11
Percentofdetectedo,p'-DDT(%)
<MDL
11.54
41.18
78.95
Percentofdetectedp,p'-DDD(%)
<MDL
0.00
11.76
31.58
Percent of detected p,p'-DDT (0/0)
<MDL
3.85
0.00
21.05
Total BHC(/LgIL) ({:t S)
< MDL
4. 65:t 2. 42"
15.09:t 9. 25"b
56.49:t 38. 74."be
Total DDT(/LgIL)(X:t S)
< MDL
0.72:t 1. 65"
9. 12 :t 8. 56ab
54.56:t 55 .43abe
T-OCPS(flgIL)(y:tS)
<MDL
5.37:t2.22"
24.2l:t9.75"b
111.05:t45.26abe
Note. All targeted components were not determined in the samples of the control group. MDL: minimum detectable level. aYaluescompared to the control, P < O.01. bYalues compared to the low-residuegroup, P < O.01. cYaluescompared to the
intermediate,P<0.05.
---

3. 3 Concentrations of FSH, LH, estradiol and
progesterone in maternal and cord sera
As shown in Table 3, with the increase of
blood burden of T-OCPs, levels of FSH, estradiol
and progesterone in the maternal sera and FSH,
LH, and estradiol in the umbilical cord sera increased, respectively. There was an obvious doseeffect relationship. However, LH in the women
and progesterone in the cord sera decreased in a
dose-dependent manner, respectively, as accompaniment with the rising pesticides' levels. Significance was found between groups (P < 0 . 05) .
3.4 Expression of o.-ER,p-EP and GnRH mRNA

in placental and' cord tissues
Table 4 indicates that abundant expression of
a-ER and ~-EP in the placental and cord tissues
went up respectively following the rising pesticides'
burdens in maternal sera. Their dose-effect relationship existed steadily (P < O. 01 ). Expression
of GnRH mRNA in placental tissues did not show
statistically significant difference (P > O. 05), although levels of various residue groups were higher
as compared to the control group. It was noticed
that transcription of GnRH gene in cords was not
detected in the present study.
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Table 3.
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~

Comparison of levels of FSH, LH, estrodial and progesterone in sera of women and cordC:(:1:S)
Groups
Parameter
Control ( n = 9)
Low( n = 26)
Intermediate( n = 17) High( n = 19)
FSH (mID/m!)
0.83:1: O. 29
1. 08:1: O. 48
1. 63:1: O. 31"b
2.27:1: O. 61"bc
LH (mID/ml)
1.47:1:0.45
1.08:1:0.53
0.80:1:0.36a
0.63:!:0.21ab
estrodial (ng/m!)
41. 80:1: 7.72
52.82:1: 7. 52a
54.99:1: 8. 30a
43.15:1: 8. 25bc
progesterone (ng/ml)
264.04:1: 29.21
294.59:1: 16. 50a
306.94:1: 22. 61"b 327.22:1: 31. 38abc
FSH (mID/m!)
1. 41:1: O. 41
1. 54:1: O. 50
1. 62:1: O. 56
2.91:1: O. 91"bc
LH (mID/m!)
0.60:1: O. 28
0.64:1: O. 38
0.79:1: O. 29
2.07:1: O. 8l"bc
estrodial (ng/m!)
12.53:1: 3. 28
18.01:1: 7.01"
24.03:1: 3. 92ab
23.83:1: 9. 98ab

Maternal
sera

Cord sera

progesterone (ng/m!)

804.47 :1:73. 76

767. 04 :1:62. 32

654. 74 :1:24. 4yb

604. 70 :1:26. 82abc

Note. aValues compared to the control, P< 0.01. bValues compared to the low-residue group, P < 0.01. cValues compared to
the intermediate,P<0.05.
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Table 4.

l
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l
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l
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l
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Comparison of abundant expression of a-ER, ~-EP and GnRH mRNA in placental and cord tissues(X :1:S)
Groups
--Gene mRNA

Placental
tissues
Umbilical cord tissues

2.42:1:0.92"
0.68:1:0.2yb
1. 68 :1:O. 56
2.14:1:0.82a
0.46:1: O. 18ab

gesterone in maternal blood (r = O. 2744, P =
0.0206). c) between concentration of estradiol in
cord sera and expression of (XER and ~"EP in placental and cord tissues (r = O.4732, P~O. 0001 ; r
=0. 4700,P~0. 0001; r = O.5633, P~O. 0001; r
=0.5243,P~0.0001),
respectively. d) between
level of progesterone in cord sera and expression of
(X-ERand ~-EP in placental and cord tissues (r =

= 0.2963, P = 0.0121; r

-0.2584, P = O. 0296; r = - O. 2425, P =
0.0416; r = - O.4303,P = O.0002; r = - O.4016,
P = 0.0005), respectively.

maternal

and cord sera (r

= O.3053,P = O.0096; r = O.2793, P = O.0183; r
= O. 2354, P = O. 0482) , respectively. b) between
expression of ~-EP in cord tissues and level of pro-

Table 5. Rank correlation between the expressional abundance of a-ER, ~-EP and GnRH in placental and cord tissues and the
levels of FSH, LH, estradiol and progesterone in maternal and cord sera
Placental tissues
Umbilical cord tissues

Parameter

a-ER

-EP
r = O.2 963
P=O.O 121
P = 0.0 506
r=O.O 874 r=-0.1474
P = O.4 688
P=0.2201
r = O.0 069 i= -0.0528
P = O.9545
P=0.6617
r = O.1 772
r=0.2251
P=0.1392
P=O.O 591
r = O.1 927
r=0.2793
P=0.1O73
P=O.O 183
r = - O.0044 r=0.2142
P = O.9708
P=O.O 729
r = 0.4 732
r = O.5 633
P= <0.0 001 P= <0.0 001
r = O. 2584 r= -0.4303
P=O.O 296
P=O.O 002
r

FSH
LH
Maternal sera

estradiol
progesterone

LH

t

High( n = 19)

2.13:1:1.00
0.62:1:0.22a
2. 09 :1:O. 63
1.90:1:0.91
0.43:1: O. 19ab

3. 5 Rank correlation between the expressional
abundance of the genes in placental and umbilical
cord tissues and levels of the hormones in maternal
and cord sera
As shown in Table 5, significant correlations
were found among the following indexes such as,
a) between expressional abundance of ~-EP in placental and cord tissues and concentrations of FSH in

.i

l

Intermediate( n = 17)

1.93:1:0.76
0.50:1:0.17"
1. 80 :1:O. 54
1.72:1:0.68
0.31:1: 0.14

Data in the table were the ratio of densitometric units of targeted genes to ~-actin.

FSH

}

Low( n = 26)

Note. "Values compared to the control, P< 0.01. bValues compared to the low-residue group, P < 0.01. cValues compared to
the intermediate,P<0.05.

...J

l

Control ( n = 9)
1.62:1:0.41
0.36:1:0.17
1. 61:1: O. 68
1.49:1:0.45
0.24:1: 0.17

a-ER
~-EP
GnRH
a-ER
~-EP

Umbilical cord sera

estradiol

= O.2329

-

progesterone

49

GnRH
a-ER
r = O.1 295
r=0.2162
P=0.2818
P=O.O 702
r = - 0.1 660
r=0.0756
P=0.1666
P = O.5 308
r = 0.0 432
r=O.O 310
P=0.7208
P=0.7976
r= -0.0419
r=0.1604
P = O.7 286
P=0.1815
r = O.0 048
r = 0.1 812
P = O.9 683
P=0.1305
r = O.1 396
r= -0.0 195
P=0.2457
P=0.8715
r= -0.0844
r = O.4 700
P=0.4841
P = < O.0 001
r= -0.0767
r = - O.2425
P = O.5 250
P=0.0416

-EP
r=0.3053
P = O.0 096
r = - o. 0 923
P=0.4439

r=

-

O.0 233

P = O.8 469
r=0.2744
P = o. 0 206
r = O.2 354
P = O.0 482
r = O.1 663
P=0.1658
r=0.5243
P = < 0.0 001
r= -0.4 016
P=O.O 005

rLife ScienceJournal, 3 (1 ) ,2006, Liu , et al ,Effects of Residues of OrganochlorinePesticides
I
~
~

4

J
~
I

Discussion

Although OCPs (i. e. , DDT and BHC) have
been officially banned for decades in the world,
their chemical characteristics predict that once into
the food chain these pesticides are difficult to eliminate. Moreover, as a consequence of their global
distillation effect, high lipophilicity and long persistence, they may have multi harmful effects on humans, animal, wildlife and environment. These ubiquitous organochlorine pollutants have shown toxicity, mutagenesis, carcinogenesis, and especially
endocrine disrupting function, which have aroused
increasing concerns (Y u, 2001 ; Fernando, 2001;
Chou, 2004). However, some of OCPs are still
produced and used due to a type of cheap and
broad-spectrum insecticide in some regions in China
( Chou, 2004). Therefore, high level of residues of
BHC and DDT are still found in part of food, milk
and blood, etc. The studies on their harmful effects
on human and animals, especially endocrine-disrupting effects, are necessary and significant. In
present study Tianmeng district, as a cotton-planting region where DDT and BHC were used extensively and massively during the last century, was
selected as our sampling point. Its aim is to understand effects of residues of OCPs on reproductive
endocrine function in the population who have inhabited such a heavily polluted area by DDT and
BHC for five years or more.
71 lying-in women were recruited to participate in this study. Our results indicated that high
levels of residues of OCPs were s'till capable to be
found in part of the subjects. The 19 individuals of
high residue group possessed means of the T-BHC,
T-DDT and T-OCPs of 56.49, 54.56, 111. 05
p.g/L, corresponding to medians of 50. 00, 41. 80,
98.70 p.g/L, respectively. This was markedly
higher than that in its adjacent district-Xiaogan
where means of T-DDT and T-BHC of the sampled
people were 3.61 :t O. 22 p.g/L, 5.96:t O. 41 p.g/
L, respectively (Liu, 2004).
The hypothalamic-pituitary-ovarian axis is an
integrated and coordinated neuroendocrine system
which regulates female reproductive endocrine activity. GnRH secreted in pulse by hypothalamic
stimulates release of FSH and LH synthesized by
pituitary, which regulates synthesis and secretion
of estradiol and progesterone. At the same time,
estradiol and progesterone regulate in feedback synthesis and secretion of GnRH, FSH, and LH. Beta-endorphin, as a neuropeptide, mostly suppresses
activity of GnRH. Estradiol binding to its receptor

regulates transcription and translation of the target
genes. Therefore, to some extent, changes of
quantity and activity of estradiol and ER indicate estrogenic and anti-estrogenic activity for xenobiotics
(Antonin, 2003; Graeme, 2002). Changes of concentrations of hormones in blood and expressional
abundance of some genes in placental and umbilical
cord tissues are probably a sensitive biomarker,
which indicates that some xeno-compounds are able
.to disrupt endocrine function. The present study
revealed that not only concentrations of FSH, LH,
estradiol and progesterone but also abundant expression of a-ER, ~-EP and GnRH mRNA could be
changed, which corresponded to blood burden of
metabolites of DDT and BHC in maternal sera.
Moreover, number of PAPO increased due to
residues of OCPs. All these show that residues of
DDT and BHC possess endocrine-disrupting effects. It seems that estrogenic activity was domi.
nant when concentration of T-BHC was markedly
higher than that of T-DDT in maternal blood (Deborah, 2002).
In conclusion, concentrations of residues of
OCPs are still relatively high in some people of China. They are capable to disrupt endocrine function
so as to induce reproductive dysfunction and developmental malformation. However, many problems
have been not still solved. Therefore, further studies are needed to address effects of exposure to xenoestrogens during a specific period of development, probable roles of other substances with
proven or suspected hormonal activity, potential
synergism of such compounds, and differences in
individual susceptibility.
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Abstract: Inactivation and degradation of hemoglobin were examined in the presence of hydrogen peroxide and guaiacol. Hemoglobin is inactivated upon exposure to hydrogen peroxide. The inactivation and degradation of
hemoglobin are two correlated processes. The presence of reducing substrate in addition to hydrogen peroxide partly
or completely protected the hemoglobin from inactivation. A reaction mechanism is proposed, in which two competitive routes exist for Compound II of hemoglobin; one catalytic and one inactivating. [Life Science Journal. 2006;
3( 1) :52 - 58J (ISSN: 1097 8135).
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1

modification of the heme prosthetic group and
probably to the fonnation of a verdohemoprotein as
a final product (Rodriguez-LOpez,
1997). The inactivation mechanism of peroxidases, however, has
not yet been clearly elucidated.
The knowledge and understanding of Hb inactivation and reactivation kinetics and its related
mechanisms would offer new possibilities in improving the potential and effective use of this pseudoenzyme in such diverse and broad areas. As the
oxidant substrate of peroxidase, HzCh is also an inactivation agent of this enzyme (Kathy,
1994).
The reaction of HzCh with Fe( II ) Hb (oxyHb and
deoxyHb) and Fe( III) Hb results in the fonnation
of ferrylhemoglobin
(ferrylHb)
and oxoferrylhemoglobin (oxoferrylHb),
respectively
(Kathy,
1994; Giuliv, 1994). Both are strong oxidizing agents. The formation of heme-derived products
that are covalently cross-linked
to the globin
molecule has been reported during the reaction of
hemeproteins
with
HzOz
and
trichlorobromomethane (Osawa,
1996; Osawa, 1994). The
reaction of Hb with a molar excess of HzCh will lead
to the degradation of heme, the release of iron
(Gutteridge,
1986) , and the formation of two fluorescent products (Enika,
1998).
As a mimetic
enzyme of HRP, hemin can also be inactivated during the catalytic process for the oxidation degradation of it (Zheng, 2001; Lissi, 1994). But the inactivation of Hb during its catalytic reaction process

Theory

Hemoglobin (Hb) is the major heme protein of
red blood cells and is responsible for the transport of
oxygen to the tissues. The function of Hb depends
upon the ability of ferrous iron in the heme group to
bind and release oxygen. Despite its principle role
as an oxygen-carrier,
the Hb molecular possesses
different enzymatic activities (Giardina, 1995).
Hb has been reported as able .to oxide aniline
(Mieyal, 1976), lipids ( Yoshida, 1994),
dibenzothiophene (Wu, 1994), N-heterocycles (Ortiz,
1992), styrene (Ortiz, 1985) and 0-phenylenediamine (OPDA) (Zhang, 2000; Liu, 2000). Zhang
et al (2000) had reported that the catalytic effectiveness of methemoglobin (metHb) with OPDA as
a substrate was the highest comparing with the
other mimic of peroxidase such as hemin, ~CDhemin and Mn TCPP.
Moreover,
metHb had a
higher catalytic activity than the horseradish peroxidase (HRP) if their catalytic effectiveness is expressed on a molar basis rather than in tenns of unit
weight (Zhang,
2000).
As with HRP (Maria,
2002), lignin peroxidase (Mylrajari, 1990), manganese peroxidase (Timofeevski,
1998), lactoperoxidase (Huwiler,
1986), and other peroxidases,
hemin is inactivated by an excess of hydrogen peroxide (HzCh) or organic hydroperoxides in the absence of reducing substrate (Zheng,
2001).
1:'he
substrate inactivation of peroxidases leads to the
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has not been reported.
The main objective of this work was to give a
kinetic and mechanistic study of Hb inactivation
during the reaction of Hb with the guaiacol/HiJ:z
system.
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Materials and Methods

further purification.

l

Guaiacol was purchased from

Sigma. The stock solutionof guaiacol was prepared
by dissolved 116 mg guaiacol in 400 fJ-Ldioxane and
500 fJ-Ldouble distilled deionized water, the work-

ing solution

was prepared

by dissolve the stock so-

lution to appropriate concentration.
Hydrogen peroxide solutions were prepared by appropriate dilution of the 30 % solution with double distilled
deionized water (standardized
by titration with
KMnO4)'
All other reagents were of the highest
available grade and all solutions were prepared in
0.1 M citric-NazHPO4 buffer (pH 5.0) and all experiments were carried out at room temperature (25
:t 1°C) unless stated otherwise.
2.2
Apparatus
UV-Vis measurements were performed on a
UV -1601 rapid scan spectrophotometer
(Shimdzu,
Japan) using 1 cm light path quartz cuvette. A
420A pH meter (Orion Research Inc. USA) was
used.

Detennination of the heme bleaching of Hb
The reaction was carried out in 3 mL O. 1 mM
citric-NazHPO4 buffer (pH 5.0) at 25°C, containing 1 mM Hb and different concentration of HzOz
( 1 mM), in the presence or absence of O.4 mM

NazHPO4 buffer (pH 5.0). The media, with a final volume of 3 mL, were incubated at 25°C, Hb,
guaiacol and HzOz were added, the concentration of
each in turn being varied while the remaining two
were kept constant. Thus, because the final values
of A470 run showed a good stability, it was possible
to estimate maximum values for the product accumulated at the end of each reaction. The experiments were run a minimum of three times.

2 .6 Iron release from Hb during the inactivation
reaction
Hb (10 fJ-M) was incubated with the different
concentrationsof HzOzin the presence and absence
of guaiacol in O. 1 mM citric-NazHPO4 buffer (pH
5.0)

at 25°C for 30 min.

Free iron was measured

by the Ferrozine method (Cater, 1971). Briefly,

a

0.45-ml
sample taken from the reaction mixture
was mixed with 50 ml of 100 % (W N )
trichloroacetic acid. Then, O. 5 ml of O. 02 %
ascorbic acid in O. 1 N HCl was added, the system

was incubated for 5 min at room temperature, and
0.4 ml of ammonium acetate (10 %) and 0.1 ml of
Ferrozine solution (75 mg of Ferrozine and 75 mg
of neocuproine in 25 ml water) were added. After
an additional incubation for 5 min at room temperature, the color developed was measured at 562 nm.
The iron concentration was calculated using a mil-

limolar extinction coefficient of 27.9

mM-1cm

-1.

2.3

3

3.1

Results
Heme degradation of Hb mediated by HzOz
HzOz can mediated the heme degradation of

~

benzidine. After 30 min of reaction, the absorbance
at 410 nm was recorded.
2.4
Rate of inactivation of Hb
The inactivation of Hb was carried out at 25°C
in I-ml incubations of 0.1 M citric-NazHPO4 buffer
containing the enzyme (37 fJ-M). Two types of incubation were performed: (a) incubation in the

presence of 10 mM HzOz and (b) incubation in the

presenceof 5 mM guaiacol. At specifiedtime intervals, 30 fJ-L aliquots of the incubation mixtures
were transfer to cuvetts containing 3 mL of an assay mixture

composed of 5 mM guaiacol and 1.0

mM HzOz in O. 1 M citric-NazHPO4 buffer (pH
5.0). the peroxidase activity was measured by the
increase in the absorbance at 470 nm, which is
characteristic for the guaiacol oxidation product tetra-guaiacol (8470 = 5570 M-1 cm -1) (Alexander,

2000)

t

Materials

MetHb ( bovine) from Shanghai Institute of
Biochemistry (Shanghai, China) was used without

the end of the reaction
The reactions were realized in O. 1 mM citric-

.

2.5 Determinationof the productaccumulatedat

various

hemoproteins

2000).

Mixing of Hb with HzOz results

(Gutteridge,

1986;

Jose,

in a red

shift in the maximal absorbance of Hb from 405 nm
to 409 nm as observed previously (Hai-cheng,
2002),
probably due to the formation compound
I , and a rapid decline in peak absorbance in the
Soret region indicating the degradation of the heme
prosthetic group (Figure 1). The rate constants for
heme destruction and the loss of catalytic activity
differed (Figure 2). After five minutes of incubation with HzOz, the Hb lost 78% of its activity
(Figure 2), 83 % of the heme has been destroyed,
according to the Soret band (Figure 2). The heme
destruction process therefore appeared to precede
the inactivation process.
The residual enzymatic activity was checked
after incubation of Hb in media containing: (a)
HzOz or (b) guaiacol. Figure 2 showed a different
behavior for both kinds of incubation. After 10 min
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of incubation of Hb and H2O2, the activity loss of
Hb was 93.5 %, but for guaiacol, the activity loss
of Hb was only 4.8%.
Therefore, the loss in Hb
activity did not depend on the guaiacol; instead,
H20z was the inactivation agent.
0.3

(l)
(.)
c
(IJ
.D

0.2

'0
<fj
0
.D

4: 01

OJ)
250

350

300

400

concentrations of H20z for 30 min resulted in the
release of iron detected in the reaction mixture in a
dose dependent manner (Figure 3). After 30 min
incubation in the presence of 100 mM H20z, 47%
of iron present in the protein was released and could
be detected as protein-free iron in the supernatant
solution, after protein precipitation. No soluble iron
was detected in control samples incubated without
H20z and extracted in the same manner as the experimental samples. In contrast, negligible iron
was released from Hb in the presence of 5 mM guaiacol.
Figure 4 showed the Hb degradation mediated
by H20z and the protection role of benzidine. O. 17
mM H20z caused about 87 % of the Soret band loss
of Hb. Addition of 0.4 mM benzidine strongly inhibited this process.

450

20

Wave Ie ng!1 01m)
Figure 1. Hb degradation by H202. Hb (0.5 fLM) was mixed
with 10 mM H202 in citric-Na2HPO4buffer (pH 5.0), and incubated at 25"C. Absorption spectra (250 - 450 run) were taken at
1.0 min intervals starting immediately after mixing (9 upper continuous traces) and then after 60 min (dotted

trace) at 250
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Figure 3. Iron release from Hb mediated by H202 in the presence
and absence of guaiacoL Hb (10 fLM) was incubated with the indicated concentrations of H202 in the presence and absence of gua-
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Hb. 37 fLM Hb was incubated with 10 mM H202 or 5 mM guaiacoL At specified time intervals, 30 fLL aliquots of the incubation
mixtures were transfer to cuvetls containing 3 ml of an assay mix-

0.25

ture composed of 5 mM guaiacol and 1. 0 mM H202 in O. 1 M citric-Na2HPO4 buffer (pH 5.0). The peroxidase activity was measured by the increase in the absorbance at 470 run. A~ for the
heme degradation,
at specified time intervals, the absorbance of
Hb at 405 run was determined using the completely degraded Hb
solution (with the same concentration of Hb incubated with large
excess of H202 at 25"C for 2 h) as controL

To corroborate the heme destruction results,
the iron release was measured using F errozine
method (Figure 3). Incubation of Hb with various
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Figure 4. Heme bleaching of Hb by excess H202 in the presence
and absence of benzidine, 1.0 fLM Hb was incubated with different concentration of H202 in the presence and absence of 0.4 mM
benzidine for 30 min, then the absorbance at 405 run was determined.
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3.2
Effect of HzOz on the product accumulated
in the end of the reaction
The Hb inactivation may also be demonstrated
by measuring the product accumulated at the end of
reaction. Figure 5A showed the time courses of
guaiacol oxidation for a range of variable H20z concentrations. The product accumulated at the end of
the reaction was obtained in a shorter reaction time
when theH20z concentration was higher. Figure
5B showed that as the concentration of H20z was
increased, the values of the absorbance of the product decreased. This confirmed the inactivating nature of the H20z.

t
I
\

l
l
l

l
l
l
l
l
l

l
"

~

ll

~
I

~

l

t

ll
l

1.Hi'"

0.8 l

0.16

§,'"
D-~

30

~

~
«

//~
.~/::/~

r

0.00

~"'_......-.----[ HPJIm

.~

f~

0'05

B

.. " ... ..,.,.::..
~ .

/-.-------

5f:

A

10

lSJ

~.. ""
'"'
~

this straight line was related to the partition ratio
(r = [p yield]/[ Hb ] ), which was the number of
turnover carried out by one active site of the enzyme before its inactivation.
This parameter remained constant for the total range of Hb concentrations used (Figure 7). It should be pointed out
that the value of r depended on the [guaiacol] /
[H20z] ratio used (Figure 6).
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Figure 6. Concentration of reaction product accumulated at the
end of the reaction as a function of the initial guaiacol concentration. Different concentrations of H2~ were also assayed. The
media contained 0.25 11MHb in O. 1 mM citric-Na2HPO4 buffer
(pH 5. 0). Each product absorption value was estimated as in
Figure 5.
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Figure 5. Relationship between the product accumulated at the
end of the reaction and H2~ concentration. (A) Time-courses of
guaiacol oxidation for a range of variable Hz~ concentrations.
The reaction mixture contained 0.25 11MHb, 10 mM, guaiacol;
10 ,30 , 50 , 70 mM Hz ~ respectively.
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as ""Am nm vs. time. (B) The values of product accumulated at
the end of the reaction (Pyield), obtained from (A), were plotted vs. H2~ concentration.
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Figure 6 showed a plot of the absorption of
product vs. the concentration of guaiacol. Keeping
the Hb concentration constant, it could be observed
that lower H20z concentrations
produce higher
yield of the product for each H20z concentration.
When the guaiacol concentration was increase, the
yield of the product also increaseed.
These results confirm the inactivating nature
of the H20z and also showed the protective behavior
of guaiacol towards Hb: this protective behavior increaseed as its concentration was increased.
3.4
Effect of Hb on the product accumulated in
the end of the reaction
The plot of concentration of product vs. concentration of Hb when both guaiacol and H20z concentrations are kept constant. Figure 7 showed a
linear trace, indicating that Hb inactivation did not
depend on any product of the reaction. The slope of

/'/
/

,?'

0.0 ",,/'
,
0.0
0.1

0 ,2

0.3'

0 .4

0.5

0,6

0 .7

0.8

[Hb] (!.I L)
Figure 7. Concentration of product accumulated at the end of the
reaction as a function of Hb concentration.
The media contained 5
mM guaiacol and 30 mM H2~ in 0.1 mM citric-NazHPO4 buffer
(pH 5.0). The product concentration was estimated as Figure 5.

4

Discussion

It is well established fact, and it has been
known since the 1950s, that Hb possesses various
pseudoenzymatic activities and is able to catalyze
the oxidation of a variety of compounds (Mieyal,
1985; Grisham, 1991). It has considerable peroxidaseactivity
(Everse, 1994), thus, Hb is able to
mimic the enzymatic activities of a variety of other
heme enzymes. Particular attention has been paid
to ability of this protein to catalyze the oxidation of
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aromatic substrates, including polycyclic aromatic
hydrocarbons (Ortiz-Leon, 1995).
Over 20 years ago, Brown (1976) analyzed
the biliverdin isomers produced by the HzOz oxidation of various hemoproteins and suggested that the
amino acid residues adjacent to the methylene
bridges of the porphyrin ring might protect these
sites against HzOz oxidation. As shown in Figure 1
and Figure 2, Hb is inactivated by treatment with
HzOz, and the heme prosthetic group is degraded.
In the case of peroxidases, HzOz inactivation leads
to the modification of the heme prosthetic group to
form a verdohaemoprotein as a final product (Mylrajan, 1990). Two principal mechanisms have been
proposed for the inactivation of peroxidases by
HzOz. One mechanism involves the reaction of
Compound II with HzOz in the absence of a reducing substrate to form Compound III. If Compound
III

is a peroxyiron ( III) porphyrin free radical, it

should be considered a highly reactive intermediate.
Because of the proximity of the uncoupled electron
to the porphyrin ring, any electron transfer from
the ferrous state to an extra HzOz moiety would
generate a hydroxyl radical, which could in turn react with the heme group to produce irreversible inactivation. An alternative mechanism involves a reaction of Compound I with an excess of HzOz in the
absence of reducing substrate to form an irreversibly inactivated
verdohaemoproteln.
In this

mechanism, Compound

III

is proposed to be a su-

peroxide-anion-generating
system that has a protective effect against inactivation.
The inactivation
mechanism for peroxidases, however, has not been
clearly elucidated at present (Cat, 1992; Hiner,
1995; Rodriguez- LOpez, 1997).
In this work, we have shown that turnoverinduced inactivation of Hb and peroxide-induced
heme destruction
are two correlated processes.
Heme destruction appears to precede inactivation
process (Figure 2). In the absence of reducing substrates and at high HzOz concentrations,
Hb is inactivated in a time- and HzOz- concentration dependent process. The reducing substrate has a protecAH2

Hb+HP2

:;:==::::

Compound

I

tive effect on the HzOz mediated Hb degradation.
This protective effect of reducing substrate has also
been described for types of peroxidase other than
Hb, such as HRP (Arnao, 1990) and the lignindegrading peroxidase (Wariishi, 1989).
It has been reported that ferrylHb, corresponds to peroxidase Compound II, can withdraw
one electron from the reducing sbustrate. In the
absence of reducing substrate, ferrylHb would oxidize HzOz to produce superoxide and metHb, and
the superoxide generated in the heme pocket can
oxidize the tetrapyrole rings, leading to the degradation of heme, the release of iron (Enika, 2000).
But oxoferrylHb, corresponds to peroxidase Compound I , can react with HzOz in the absence of reducing substrates to produce metHb and oxygen
(Arnao, 1990), which cannot mediated heme
degradation. Our experimental results showed that
the heme degradation and inactivation of Hb are
two correlated process, so we can conclude that the
HzOz mediated the inactivation of Hb through the
reaction of HzOz with Compound II, not with
Compound I .
Arnao (1990) has reported that HzOz mediated the peroxidase inactivation by reaction with
Compound I base on the founding that the number
of catalytic cycles given by the enzyme before its inactivation is a function of a constant set and the
[ABTS]/[HzOz]
ratio, in which the number of
turnover is linearly with the [ABTS] I[ HzOz] ratio. Our results show that the number of catalytic
cycles given by Hb before its inactivation is a function of the [guaiacol] I[ HzOz] ratio, but not linearly with it (Figure 4), so the mechanism of Hb
inactivation mediated by HzOz is different from that

of peroxidase.
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The results presented in this paper suggest the
need to include a Hb inactivation step (Hbi) in the
usual schemes for reactions catalyzed by Hb. In
consequence, and according to Arnao (Arnao,
1990) a mimimum scheme for the Hb/HzOzlguaiacol system could be:
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Scheme 1. Possible catalytic and inactivation pathways of Hb. AH2 is the reducing substrate such as guaiacol, ABTS, benzidine
and so on.
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The expression (Compound II-HzOz) represents an intermediate complex in the pathway,
which leads to the heme degradation of Hb and thus
the inactivation of it. As can be seen in Scheme 1,
a competition for Compound II between guaiacol
and HzOz is established, which protects Hb as long
as [guaiacol]/[HzOz] ratio is high.
We show in this paper that HzOz itself is the
inactivating agent, and that the heme degradation
and inactivation of Hb are two correlated process.
We also show that the reducing substrates are necessary for the catalytic turnover of the Hb and to
protect the Hb from inactivation.
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Synthesis and Antimicrobial Activity of Nano-fumed Silica
Derivative with N , N-dimethyl-n-hexadecylamine

f...
Xia Xu, Shurong Li, Fayun Jia, Pu Liu
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Abstract: Nano-fumed silica derivative with N, N-dimethyl-n-hexadecylamine was synthesized with )'-Chloropropyltrimethoxysilane as the roupling agent, and subsequently treated with N ,N-dimethyl-n-hexadecylamine. The nanofumed silica derivative was confirmed by Fourier-transform infrared spectroscopy (FTIR).
The zeta potentials of
nano-fumed silica and nano-fumed silica derivative were measured as a function of pH in suspensions and showed the
isoelectric point of modified nano-fumed silica has increased in the direction of pH rising compared with nano-fumed
silica. Antimicrobial properties of the nano-fumed silica derivative against selected microorganisms were tested by
the quantitative suspension method. The results showed that the obtained polymer inhibited the growth of E. coil,
S. aureus and C. albicans. It was found that the growth inhibiting effect of polymer varied with the time exposed
to the microorganism. When the time exposed to the rnicroorganism was 15 min, each of their inhibitory rates was
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99.99% ,99.99% and95.23%, respectively.[LifeScienceJoumal.2006;3( 1) :59 - 62J (ISSN: 1097- 8135).
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silica; silane coupling agents; quaternary ammonium group; antimicrobial

Introduction

Quaternary ammonium compounds (QAC) belong to the group of compounds,
which exhibit
high antimicrobial activity. They are widely used in
many of domains such as environmental disinfection, equipment surfaces and disinfection in hospitals. These compounds seem to be safer than chemically active disinfectants such as chlorine and glutaraldehyde. However, since the irritant and cytotoxic effects of these compounds on human cells/
tissues such as keratinocytes,
fibroblasts,
cornea
and respiratory mucosa have been shown previously
(Augustin,
1995;
Damour, 1992;
Steinsvag,
1996; Tripathi, 1989), the improvement of QACs
is necessary, not only for their antimicrobial activity but also for human cells' safety. To overcome
these problems, anchoring the QAC to a polymer
backbone by a covalent might be promising in developing materials which would have antimicrobial
activity by themselves.
Nano- fumed silica (NFS) is utilized in industry, e. g. as fillers for elastomer reinforcement, additives in fluids, free-flow agents in powders, medicinal and industrial adsorbents, etc. And it is a kind
of extremely important superfine inorganic material. There are many hydroxyl groups at the surface
of nano-fumed silica that are allowed to react with
silane coupling agents, and the resulting composites
connected with many organic functional groups
show expectable characteristics,
such as biological

activity (Demir, 2005),
heat resistance ( Fu,
2004 ), mechanical (Agnihotry, 2004) electrical
properties (Paik, 2005), and other properties.
In our study, the nanometer antimicrobial material that contained organic antimIcrobial agent
was reported and the preparation of the nano-fumed
silica derivative with quaternary ammonium group
using the "y-Chloropropyltrimethoxysilane as silane
coupling agent was investigated (It can avoid the
small molecular antimicrobial losing). Furfhermore, the antimicrobial activity was also studied.
2

Materials and Methods

2 .1

Materials

Nano-fumed silica (mean particle size 40 nm)
was purchased
from Jibishi
Chem.
Lin
(Guangzhou, China); N, N-dimethyl-n-hexadecylamine was kindly donated by the Feixiang Chem.
Lin
(Jiangsu,
China).
"y-chloropropyltrimethoxysilane was bought from Yingcheng Debang Chemical Industrial New Materials Co. , Ltd.
Toluene, acetonitrile are of reagent grades.
2. 2 Tested microorganism
Tested microorganism included the Gram negative bacteria Escherichia coli (8099), Gram positive bacteria Staphylococcus aureus (ATCC 6538) .
Bacteria and fungi were maintained on Subourond
agar slopes. LB medium was sterilized by autoclaving for 30 min at 121°C.
2.3 Reaction
The procedure was schematically shown in
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Figure 1( I ). After a mixture of nano-fumed silica, the toluene and a little water was added to the
three-necked with stirring for a period of time, and
amount of y-Chloropropyltrimethoxysilane was
added and refluxed at 80t for 6 h. The resulting
nano-fumed silica (MNFS-l) was washed with
toluene
to
remove
excess
y-Chloropropyltrimethoxysilane and then dried at 110t for 16 h

i

Activity

in vacuo. The subsequent reaction with N, Ndimethyl-n-hexadecylamine is schematically shown
in Figure 1( II ). A mixture of MNFS-l and N, Ndimethyl-n-hexadecylamine and acetonitrile was refluxed with stirring at 80t for 8 h. The product
containing the quaternary ammonium group (MNFS-2) was washed to remove excess N, N-dimethyl-n-tetradecylamine and dried in vacuo.
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Measurement
FT-IR spectra were 'recorded on a Fouriertransform infrared spectroscopy (MAGNA. 506
Nicolet USA). The mean size and the zeta potentialof the NFS and MNFS-2 were measured with
Zetarsizer Nano series (MAL VERN).
2. 5 Antimicrobial activity
In order to assess antimicrobial functions of
MNFS-2, the suspension quantitative test was employed. The bacteria used were E. coli (8099),
S. aureus (A TCC6538) and Candida albicans
(ATCC 10231). They were characterized as the
bacteria of Gram negative bacteria and Gram positive bacteria as well as the fungus, respectively.
The control was the bacterial of the solution of N.
S. The suspension quantitative test determining the
antibacterial activity was as follows: 0.5 g MNFS
- 2 was added to 150 ml Erlenmeyer flask containing 5 mll08 cfu/ml of Escherichia coli and 45 ml
N. S. The resulted solution was shaken at 37t by
a Burrell wrist action shaker for 5 min, 15 min and
30 min, respectively, and kept station for 30 min
to obtain a mixture. 1 ml supernatant of the mixture was diluted gradiently, and then 1 ml dilution
solution was added to agar plate and incubated at
37t for 24 h. After incubation, the coloniesof bacteria were counted to indicatebactericidalactivity.
Results and Discussion

3. 1 FfIR Analysis 1
Figures 2(a), (b) and (c) showed the IR of
NFS, MNFS-l and MNFS-2, respectively. The
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Figure 1. Schemeof
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reaction

absorption

peaks of active hydroxyl

group at the

surface of NFS were observed at 3438 cm

-

1 and

1640 em-I. The absorption peaks of the Si-O-Si
asymmetric
stretching
vibration,
symmetric
stretching vibration,
and bending vibration were
observed at 1110 cm-1 and 805. cm-1 and 475
cm - 1. As seen from Figure 2 ( b), the absorption
peaks of the methyl and methylene stretching vi-

bration were in the range of 2850 3000 cm - 1 ;
The peak of the C-H symmetric deformation vibration was at 1460 cm-1. The intensities of these absorption peaks increased with chain length of the
alkyl group. As seen from Figure 2 (c), the absorption peaks of the methyl and methylene stretching
vibration were observed in the range of 2850~3000
cm 1, and they were stronger than Figure 2 (b) for
the number of -CHz increasing.
3 2 Zeta potential analysis
O. 05 % (wt) of NFS and MNFS-2 were
titrated with O. 25 mol/L HCl and O. 25 mol/L
NaOH at 25t,
while zeta-potential changes with
pH were tested, respectively. The results were as
follows (Figure 3) .
Figure 3 showed the zeta potential of NFS and
MNFS-2. The isoelectric point of the NFS is usually known to exist at pH of 2 - 3. The isoelectric
point of the NFS in this work has a pH value about
4.5 from Figure 3 (a). The Si-OH at the surface of
NFS (pH < 4. 5) showed a positive charge for an
added proton:
-Si-PH
+ H* --+SiOH{
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The Si-OH at the surface of NFS (pH> 4. 5)
showed a negative charge for a liberated proton:
-Si-PH
+ H* --+SiO- + H+
When pH of solution was more than 4. 5, surface of
NFS showed negative electric charge; as pH increases, absolute value of zeta potential increased.
In contrast, the zeta potential of MNFS-2
constantly showed a positive charge in the range of
pH 3-10. 5. The zeta potential rapidly decreased
when pH>10. 5. Suhara (1995) measured the zeta
potential of fine silica power modified with the quaternary ammonium group. In the pH range of 210, the zeta potential of fine silica power modified
with the quaternary ammonium group showed the
positive charge range was wider than that of the 0-

riginal fine silica powder and its value of the. zeta
potential (pH< 10) was almost constant. And the
decrease in the zeta potentials of the quaternary ammonium group was considered to be due to the quaternary ammonium group being neutralized by the
base in the range of pH> 10; the zeta potentials of
fine silica powder may change the negative charge
owing to, adsorption of an anion or ionic bond. As
described in previous papers; the decrease in the zeta potential of MNFS-2 was considered to be due to
the N, N-dimethyl-n-hexadecylamine being neutralized by the base in the range of pH > 10. 5. The
mechanism of the change of the zeta potential is
similar to the paper of Huhara.
3.3 Antimicrobial activity

Table 1.

~
t

Bacteriostatic efficacy of MNFS-2 after exposure for different periods of time
Average bacterial
Average bacteriostatic rate (%) after exposure for different
count of control
period of time (min)
groupe X 106)
5
15
30
Escherichia coli
19.8
97.01
99.99
99.99
S . aureus
28. 2
99. 12
99.99
99.99
C. albicans
15. 9
94. 92
95.23
95.99
Note: The temperature was 19~22'C.
The results are means of triplicate tests.
Microorganism
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The antimicrobial activity of nano-fumed silica
modified quaternary ammonium salts was investigated and shown in Table 1. The results obtained
showed that as the exposure time increased, the
antimicrobial activity increased. And it was found
that bacteriostatic rates of inhibiting the growth of
E. coli and S. au reus were higher than that of
C. albicans. The polymer inhibited the growth of
E.

coli

(8099) ,

Staphylococcus

aureu

(ATCC6538) and Candida albicans increased with
the exposed time. The inhibition became stronger
as the sequence, Candida albicans < Escherichia
coli < Staphylococcus aureu .
Quaternary ammonium salts possessing at least
one alkyl substituted are able to kill microorganisms
such as bacteria and fungi. So QAS belong to the
membrane active compounds and their biological activity depends on their structure and physicochemical properties affecting the Interaction with the
phospholipid bilayer in the cytoplasmic membrane
of bacteria and influencing cell metabolism.
The antimicrobial activity of the nano-fumed
silica derivative with quaternary ammonium group
is considered to be one of the important properties
linked directly to the possible applications. Its
mechanism was proposed for the antimicrobial activity exerted by antimicrobial polymeric derivative
with quaternary an1lJ1oniumsalts. It is that the
polycationic nature of nano-fumed silica derivative
with quaternary ammonium group interferes with
bacterial metabolism by electrostatic stacking at the
cell surface of bacteria. This mechanism is evaluated in term of the value of the zeta potential of nanofumed silica derivative with quaternary ammonium
group. Because MNFS-2 shows positive charge in
aqueous solution (pH

= 7)

, its antimicrobial

activity

is stronger.
4

I

~

isoelectric points of modified NFS increasing in the
direction of pH enhancing by 4, ions of modified
NFS in aqueous solution showed positive charge,
and it can kill microbial.
4. By the quantitative suspension method, the bacteriostatic efficacy of powder antimicrobial material
modified with N, N-dimethyl-n-hexadecylamine to
Escherichia coli (8099), Staphylococcus aureus
( ATCC6538) and Candida albicans (A TCC
10231) was 99.99%, 99.99% and 95.23%, respectively.
Correspondence to:
Xia Xu
Laboratory Center of Medical Science
Zhengzhou University
Zhengzhou, Henan 450052, China
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FTIR
spectra,
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Construction of Prokaryotic Expression Vectors
Bearing S Gene of Isolate TH-98 from
Transmissible Gastroenteritis Virus
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Abstract: Sa fragment containing major antigenic sites A, E, C and D of S gene from transmissible gastroenteritis
virus (TGEV) Chinese isolate TH-98 was purified with EcoRI and Kpnl from recombinant pUC-S and cloned into
prokaryotic expression vector pProExHTb. The recombinant SaPRO was identified with restriction enzyme (RE).
Sa derived from recombinant SaPCI was inserted into EcoRI and Not! sites of expression vector pET30c with the
similar DNA recombination technique. The construct designated SaPET was transformed into Escherichia coli (E.
coli) EL21. Then, SaPET was digested with Xhol and ligated in order to gain the recombinant SasPET carrying
E, C and D sites of S gene, which was also transformed into EL21. The acquisition was subcloned into corresponding sites of another prokaryotic expression vector pGEX-6P-l after digestion with EcoRI and Xho!. The verified recombinant Sas6P-l was re- transformed into EL21. [Life Science Journal. 2006; 3 (1) : 63 - 66] (ISSN: 10978135) .
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expression efficiency.

Introduction

2
Transmissible gastroenteritis virus (TGEV) is
one of the important pathogens for virus diarrhea of
swine (Yin, 2005). Spike(S) protein is the major
immunogen among four major structural proteins
(S, M, Nand sM) of TGEV (Krempl,
1997).
Particularly the 5' end half of S gene encoding the
major antigenic sites are critical for inducing neutralizing
antibodies (Gebauer,
1991;
Tuboly,
1994). To gain the S protein is a prerequisite for
the diagnosis, prevention and treatment of transmissible gastroenteritis ( TGE).
The prokaryotic
expression system shows some significant advantages over other systems in production cost, technology and cycle etc. However, the limited expression capacity for foreign genes and the different expression efficiency of different vectors used in this
system are the disadvantages.
For these reasons, we constructed several recombinant plasmids encoding the 5' end half of S
gene or major antigenic site fragment using different prokaryotic expression vectors. These plasmids
have been transformed into Escherichia coli (E.
coli). This study provided the important materials
for S protein expression and comparison of vector

2 .1

Materials and Methods
Vector,

host cells, tool enzymes and primers

Recombinant plasmids pUS-C, and SaPCI respectively containing full-length and 5' end half of
S gene of TGEV have been constructed in our laboratory (Ren, 2003). Prokaryotic expression vectors, pProExHTb (GIBCO), pET30c (Novagen)
and pGEX-6P-1 (Amersham Biosciences) were
commercially purchased. TG1, DH5o: and BL21
competent cells were also commercially obtained.
Tool enzymes were purchased from Takara Biotechnology Company (Dalian, China). Primers, PS3:
5' -TACAGTGAGTGACTCGAGCT-3' (1242) and
PR3 :5' -GGTGTTGTTGTCCAA TGTG-3' (2408)
were used for nested PCR (The figures in brackets
are the corresponding or complementary position of
S gene).
2.2 Construction of expression plasmids containing S gene of TGEV
Recombinant pUC-S was digested with EcoRI
and Kpnl to obtain the 5' end half of S gene named
Sa. Sa was ligated with vector pProExHTb digested with the same enzymes and transformed into
DH5o: cells. A positive recombinant named SaPRO
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was selected in LB agar plate containing appropriate
antibiotic and identified with restriction enzyme
(RE).
Recombinant SaPCI was digested with
EcoRI and Not I, and a linearized fragment encoding the Sa region was cloned into pET30c vector
using the similar method described above. A positive recombinant was named SaPET after the identification with RE and by nested PCR. To facilitate
further inducible expression, SaPET was transformed into BL21 cells. A strain of plasmid-containing ccils was selected.
DNA::S1S software analysis indicated there
were two Xlw I sites located in near nucleotide 1120
of S gene and in the multiple cloning sites after Sa
fragment in SaPET. Therefore we digested SaPET
with Xho I and a resulting fragment containing vector and 5' end S gene about 1100 base pair (bp) in
length was ligated and transformed into DH5a
cells. A recombinant named SasPET was identified
with RE and re-transformed into BL21 cells.
SasPET was digested with EcoRI and XhoI, and
the foreign fragment was cloned into vector pGEX6P-1. A positive recombinant identified with RE
was named Sas6P-1. All the recombinants were sequenced to confirm the authenticity of the sequence.
3

Results

3. 1

Identification of SaPRO with RE
SaPRO was digested with RE according to the
physical map of the vector pProExHTb and Sa sequence. The digested fragments were visualized by
0.8% agarose gel electrophoresis. This result was
identical to theoretical calculation (Figure 1) .

Lane 7: SaPRO digested with EcoR I and Kpn I, of about 2. 3
kb and 4. 8 kb respectively.
Lane 8: DNA Ladder (MEI Fermentas) .

3.2

Identification of SaPET
Recombinant SaPET was identified with RE
and primer-specific PCR. The agarose gel electrophoresis showed that Sa has been inserted
pET30c vector (Figure 2) .

1
1
Figure 2. Identification of recombinant SaPET
Lane 1: Identification of SaPET by ne.,ted PCR,
Lane 2: DL 15,000 DNA marker.

of about 1.2 kb.

J

Lane 3: SaPET digested with EcoRI, of about 7.7 kb.
Lane 4: SaPET digested with Xho I, of about 7. 7 kb.

3.3

Identification of SasPET
SasPET was analyzed with RE, and the result
indicated that 5' end fragment of S gene about 1100
bp in length has been cloned into pET30c (Figure
3) .

j

j
J
j
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J
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l
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Figure 1. Identification of SaPRO with RE
Lane 1: DL 15,000 DNA marker (TaKaRa, China).
Lane 2: SaPRO digested with XhoI, of about 7.1 kb.
Lanes 3 and 4: Vector pProExHTb linearized with EcoR I and
KpnI,of about 4.8 kb.
Lanes 5 and 6: Fragment Sa digested with EcoR I and Kpn I, of
about 2.3 kb.

Figure 3. Identification of recombinant SasPET
Lane 1: DL 15,000 DNA marker.
Lane 2: SasPET digested with EcoRI and XhoI,
of 1. 1 kb and 5.4 kb re.-;pectively.
Lane 3: SasPET digested with EcoRI, of 6.6 kb.
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3.4

Identification of Sas6P-l
Sas6P-1 was digested with RE, and the analysis result of agarose gel indicated the correct insertion of fragment of interest (Figure 4)
3.5 Sequencing analysis
The sequencing relX>rt verified there was no
nucleotide insertion and deletion in the S gene used
in this study and it was identical to the published
sequence
(GenBank 1M accession
number
AF494337) .
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Figure 4. Identification of recombinant Sas6P-l
Lane 1: DL 15,000 DNA marker.
Lane 2: Sas6P-l digested with BamHI, of about 6.1 kb.
Lane 3: Sas6P-l digested with cEcoRI, of about 6.1 kb.
Lane 4: Vector pEGX-6P-llinearized with EcoRI and X/wI, of
about 4.9 kb.
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Gene expression system ( GES) is very useful
in genetic engineering field. Currently, prokaryotic, yeast and eukaryotic expression systems are frequently used GES. In which reformed E. coli is
very lX>pularfor protein production in large scale
due to their rapid growth rate, facilitation for continuous fermentation and relatively low cost. However, the genome of E. coli is well characterized
and a lot of cloning vectors are available (Grisshammer, 1995).
The initial purlX>seof this study is to express
5' end half of S gene using E. coli. However the
expression level of foreign gene in E. coli might be
influenced by the type of prokaryotic expression
vector and length of gene of interest (Francisco,
1993; Wels, 1995; lahn, 1995).
Therefore, we took full advantage of different
vectors and different fragments of S gene to construct various recombinant plasmids. At the same
time, we tried to decrease the length of S gene under the circumstance of retaining the major antigen
sites in order to increase the probability of successful expression of S gene. The usage of different
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Discussion

vectors enables us to make multiple choices for future protein purification.
In the process of construction, the sequenced
recombinants were utilized to give gene of interest,
which enhanced the positive recombination ratio
and decreased {X>SSible
mutation might derived from
PCR amplification. However, it should be noted
that open reading frame (ORF) of S gene must be
correct after inserting into suitable vectors to prevent the shift of ORF. Most vector we used here
are high efficient vectors that can express gene of
interest in the form of fusion protein, decrease the
toxicity to host cells and facilitate the downstream
purification.
To sum up, we constructed four recombinant
plasmids encoding the major antigenic sites of
TGEV. These lX>sitiveE. coli strains might be induced to express the gene of interest, which provided the useful materials for further related research.
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Abstract: High GC content is proved to be an obstacle for successful PCR when following standard protocols recommended by Mullis KB. To avoid this false negative, additives are often used. However, among those easily accessible additives such as betaine, dimethylsulfoxide (DMSO), formamide and glycerol, their concentrations used in the
PCR mixture were reported to be in a wide range, and no systematic researches exist either about the most optimal
concentration of each additive or about which additive is the most powerful. Using human leucocyte antigen-B
(HLA-B) PCR amplification as a model, we evaluated the effects of these 4 additives with a KCl-contained or KClfree reaction buffer, and with different additive concentrations. We found that 0.6 M for betaine, 10% for DMSO, 5% for formamide and 10% for glycerol were their optimal concentrations, respectively, and the 0.6 M betaine had the highest succe.'SSfulrate. We also found that KCl will greatly improve the amplification yields when the
template GC content was moderate, while zero KCl could improve the yields when the template GC content was
high. We thus recommended a 0.6 M betaine and KCl-free buffer as the first choice in high GC amplifications.
[Life Science Journal. 2006:3(1):67-71J
(ISSN: 1097-8135).

,

Keywords: human leucocyte antigen-B (HLA-B): polymerase chain reaction (PCR):
dimethylsulfoxide (DMSO): formamide; glycerol
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Theory

The polymerase chain reaction (PCR) method
invented by Mullis, et al (Mullis, 1987) greatlyenhanced the biologists' capacity to isolate, characterize, and produce large quantities of DNA in vitro. Since its emergence, no one has ever doubted
the effectiveness of the procedures recommended by
Mullis, especially when the GC content of ampli-

fied DNA sequenceis between 40% - 60%. While

t
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a fact continues to bother labs and researchers having PCR needs: the standard procedures are very
hard to produce products when the template is rich
with GC. The high GC content of human leucocyte
antigen-B (HLA-B) (Robinson, 2003) j ApoE (Ja-

cobsen, 2002), p16 (J ung, 2002), prostate-specific membrane antigen (PSM) gene (Henke,
1997), even including HLA-A, C, etc., which is
among 65 % - 70 % or higher, often leads to low

yields of the target DNA sequence and the accompanying amplification
of undesired
nonspecific
bands, and keeps to be a problem in PCR amplifications.
As GC base pair has 3 hydrogen bonds while
AT pair has only 2 bonds, so GC pair exhibits
stronger base-base interactions,
leading to stable
self-complementary superstructures such as hairpinloop and dimer, producing regions with higher
melting temperatures,
and making the DNA strand
harder to be opened and amplified (Benita, 2003;
W eissensteiner,
1996) . To tackle such problems,
additives such as dimethylsulfoxide
(DMSO),
formamide, glycerol and betaine are often reported to
be used in such amplifications due to their ability of
reducing the effect of hydrogen bonding, destabilizing the secondary structure,
and enhancing the
specificity of the amplification
reaction (Weissensteiner, 1996; Chakrabarti,
2002; Chakrabarti, 2001). However, until recently, no systematic
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j
comparison study exists about the effect of each additive. Therefore, we performed an evaluation of
the effect of these additives with HLA-B gene as a
model and we were aimed at finding clues about
which additive is more powerful than others.
Weissensteiner et al showed that there are two
key factors in influencing the amplification outcomes when additives are used (W eissensteiner,
1996): one is the concentration of monovalent
cations in the reaction mixture, such as K+ ,NH; ,
which will increase the stability of double-stranded
DNA ( dsDNA), thus make the GC-rich region
more stable; the other is the concentration of additives like betaine, which will lower the stability of
dsDNA and thus make the Ge-rich region less stable, easier to be opened and more ready for the
primers to bind and extend. So in our study we
lowered the concentration of KCl to 0 mM to observe the full potential of each additive and to avoid
any counteractions from the cations.
2

Materials and Methods

.

2 1 Materials
2. 1. 1 Blood samples
2 ml peripheral vein blood (from each of 20
paternity testing personnel, who belong to the Han
nationality in the northeast China).
2.1. 2 Reagents
dNTP (Takara Co., Shiga, Japan); rTaq
DNA polymerase (Sino-American Biotechnology
Company, Luoyang, China) ; betaine (Weifang Sunwin Chemicals, Shandong,China) ;DMSO (Sigma,
USA); formamide (Sigma); glycerol (Shenyang
Chemicals, Shenyang, China);. primers pairs for
HLA-B gene (Cao, 1999): forward 5'-GGG AGG
AGe GAG GGG ACC G/CCA G-3', reverse 5'GGA GGC CAT CCC CGG CGA CCT AT-3'
(Sangon Company, Shanghai, China); primers
pairs for CCR5 (chemokine C-C motif receptor 5)
gene (Balotta, 1997): forward 5'-GAA GGT CTT
CAT TAC ACC TG-3' , reverse 5'-AGA ATT CCT
GGA AGG TGT TC-3'; cpXl74-Hae ill Digest
DNA Marker (Takara).
2. 1. 3 Apparatus
UV-310 Ultraviolet Spectrophotometer (PyeUnicam/Spectronic, UK); UNO II thermocycler
(Biometra, Germany); Mini-PROTEAN 3 Electrophoresis System (Bio-Rad, CA, USA); 377
ABI PRISM1M DNA Sequencer (Applied Biosysterns, CA, USA).
2.2 Methods
2.2.1
DNA preparation
Genomic DNA was prepared by Phenol/Chloroform extraction and dissolved In 120 f-llTris/ED-

TA solution. The OD260:0D280 ratio was adjusted to near 1. 8.
2. 2. 2 PCR reaction
Both the commercial 10 X reaction buffer and
a self-made KCl-free 10 X reaction buffer were being used, while the latter contains all the ingredients except KCI, e. g. , including 100 mM TrisHCl,1.0% Triton X-lOO and 15 mM MgCl2. The
PCR was carried out in a total volume of 20 f-llon
the UNO

II

thermocycler.

All PCR mixtures

con-

tained the following at a final concentration: O. 2
mM of each dNTP, 1 unit rTaq polymerase, 0.25
f-lM each of HLA-B-specific forward and reverse
primers, approximately If-lg DNA template, and
with or without additives. The forward primer was
located in HLA-B intron 1 and the reverse primer
was located in intron 3. Amplification parameters
consisted of denaturation for 5 minutes at 96'C , followed by 35 cycles of 22 seconds at 94'C, 50 seconds at 65°C, 30 seconds at 72'C and then a final
extension of 10 minutes at 72'C (Cao, 1999).
Additives and KCl were used with four combinations: KCl-contained, no additives; KCl-free, no
additives; KCl-contained, with additives; and KClfree, with additives. Each sample was amplified
without additive and with each one of the 4 following additives: betaine, DMSO, formamide, glycerol. Glycerol was diluted to 50 % to decrease the
viscosity and facilitate the transfer. A concentration
titration was used to determine which concentration
is the optimal. The titration for betaine was 0.3
M, 0.6 M, 0.9 M, 1. 5 M, while the gradient for
DMSO, formamide and glycerol was 0 %" 5 % ,
10 % and 15 %. Positive control was set up in a
separate amplification with CCR5 gene, using the
same dNTP, rTaq polymerase and DNA except two
CCR5-specific primers. The cycling conditions
were as follows: a 3-minute 94'C pre-denaturation;
35 cycles of 30-second denaturation at 94'C, 30second, annealing at 56'C, 30-second extension at
72'C; and a final extension at 72'C for 10 minutes
(Balotta, 1997). Both KCl-contained buffer and
KCl-free buffer were separately used. Negative
control was set up with no template DNA added.
2. 2. 3 Polyacrylamide gel electrophoresis ( PAGE)
and silver staining
PCR products were analyzed by PAGE. Polyacrylamidegels (C = 6%, T = 5%) were prepared. After gel pre-run, the products as well as a
lane of cpXl74-Hae ill Digest DNA Marker were
loaded and a constant current was set to separate
the PCR products. After electrophoresis, the gel
was fixed with 10% acetic acid for 20 minutes, and
then was put into O. 1% AgN03 solution
(formaldehyde contained) for 30 minutes with gen-
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tle shaking, and then the gel was developed in a
4 % Na2CO3 solution (fonnaldehyde contained) .
2. 2. 4 Products sequencing
Successful amplified products were sent to
Takara Biotech Company and were sequenced with
a 377 ABI PRISMTM DNA Sequencer.
2. 2.5
Statistical analysis
A chi-square test was perfonned with SAS
(Version 6.12) to find out whether there is a difference between these additives.

l

3

l

3. 1

Results

I
I

l

l
lI

Confirmation of successful amplification
Successful amplification of HLA-B gene will
have a band at the 943 bp position. Successful amplification of the positive control, CCR5 gene, will
produce a band at 276 bp. No PCR products were
generated in our negative controls.
3.2 Amplification effects of KCl and additives

\

2

3

f
'"

~I

7

Comparative Study of Additives

In all the 20 samples, CCRS gene was amplified successfully with the KCl-contained or KCIfree PCR buffer, while the KCl-contained buffer
generated more yields at 276 bp position as expected. Either with KCl-contained or KCl-free buffer,
fewer yields were found when additives were used.
To the HLA-B amplifications, KCl-contained
buffer produced only non-specific bands, KCl-free
buffer with additives generated band at 943 bp position as expected. Either with or without additives, a KCl-contained buffer was able to produce
more bands than a KCl-free buffer. But all the
bands generated by the KCl-contained buffer were
non-specific, not at the 943 bp position and usually
smaller than 943 bp, while with the KCl-free
buffer combining one of the additives, a single band
of the expected size at 943 bp position was obtained. Different concentrations of each additive
had different successful amplification rates (Figure
1). For details, see Table 1.
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Figure 1. Amplification effects of KCI and the 4 additives on Sample 3. Lane 2 showed that without KCI in the PCR buffer, the amount
of the CCRS decreased greatly. Lanes 8, 9, 11, 12, 14, 19 and 20 showed that with a KCl-free buffer and a proper additive, HLA-B
was amplified successfully.

3.3

Sequencing results
The products of successful amplification were
reported to have HLA-B intron 1, exon 2, intron
2, exon 3 and partial intron 3 sequences, and were
in accordance with the HLA-B sequences of GenBank (Takara sequencing No: SYS587).
3. 4 Statistical analysis
Significant difference was observed among
these 4 additives. When 5 %, 10 % and 15 % concentrations were used, the overall successful rate of
fonnamide was lower than that of DMSO or formanide or betaine.
4

Discussion

HLA typing is one of the most widely involved

techniques in clinical applications such as liver
transplantation,
the diagnosis of axial spondyloarthritis (AS) (Rudwaleit,
2004) or insulin-dependent diabetes mellitus (IODM)
(Gillespie,
2004). Reliable HLA gene typing depends on the
effective amplification of HLA genes. But the
HLA-B gene sequence is rich with GC, which easily fonns secondary structures such as hairpins,
dimers. These will make the Taq polymerases (especially sequenases) falling off from the templates,
causing premature tennination of PCR or sequencing reactions (Baskaran,
1996) and leading to low
yields insufficient for further analysis. So GC content is very critical in detennining the amplification
outcomes.
Even more recently,
Benita Y et al
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found that the regionalized GC content is a good
predictor of PCR success across multiple templates
(Benita, 2003). However, this GC-content -caused
problem is often overlooked when compared with
those efforts put into primer design.
High GC content sequences widely exist among the whole genome. A common approach to
the optimization of such GC-rich amplification reactions is the addition of small quantities of certain

organic chemicals, such as DMSO, betaine, glycerol and formamide, etc. , to the reaction mixture
(J ung, 2002; Henke, 1997; Weissensteiner,
1996;
Chakrabarti,
2002;
Chakrabarti,
2001 ; Papp,
1996). These additives are minim but so effective
that they break the GC hydrogen bonds, destabilize
the GC-rich region, open the hairpin-loops,
lower
the melting temperature and greatly enhance the
amplification yields and fidelity.

J

Table 1. HLA-B amplificationresults of applying different PCR reaction buffer and different additives
Rate
PCR Buffer Types
Additives
Total Sample
SuccessfulAmplifications
0%
Standard buffer (KCI contained)
No
20
0 (except many non-specificbands)
0%
KCl-free buffer
No.
20
0 (except few non-specificbands)
75%
KCl-free buffer
0.3 M Betaine
20
15
100%
O.6 M Betaine
20
20
80%
0.9 M Betaine
20
16
80%
1. 2 M Betaine
20
10
85%
5% DMSO
20
17
KCl-free buffer
90%
10%DMSO
20
18
0%
15%DMSO
20
0
80%
5% Formamide
20
16
KCl-free buffer
35%
10% Formamide
20
7
0%
15% Formamide
20
0
45%
KCI- free buffer
5 % Glycerol
20
9
90%
10% Glycerol
20
18
85%
15% Glycerol
20
17
50%
20% Glycerol
20
10
KCI-contained

5

Each additives

buffer

But among those easy available ones as mentioned above, the optimal concentrations were reported to be in a wide range. For example, most
researchers reported the effective concentration of

formamide is between 5 %
15 %, and that. of
glycerol is between 5 %
20 %, while the wide
~

~

range has made it very hard to choose a concrete
concentration to begin. Moreover, so far, there has
not been a systematic comparison once performed to
demonstrate which additive has the most effective
and consistent amplification-enhancing
effect. So in
our study, we used 4 easily accessible reagents to
find out which concentration
was optimal and
which additive had the best enhancing effect. We
collected 20 DNA samples and amplified them with
four combinations: with or without KCl, combining with or without additives. Our results showed
that 0.6 M for betaine, 10% for DMSO, 5% for
formamide and 10 % for glycerol were their optimal
concentration,
respectively.
Our results demonstrated that formamide was less powerful than the
other 3 additives. Our results also indicated that
the use of O. 6 M betaine as a destabilizing additive

J

Non-specific: high amount;
Specific: trace amount

0

yielded consistent amplification of HLA-B gepe. In
fact, betaine has more advantages over other additives: it is not as viscid as glycerol, which is hard
to be transferred; it is not as inhibitive to Taq polymerase as formamide, which will require more enzymes when a higher concentration of formamide is
applied. Furthermore,
betaine is compatible with
various downstream procedures such as product-purification,
sequencing,
etc.
Other
researchers
demonstrated that betaine was able to amplify 84 %
GC sequences while other additives were not
(Papp, 1996). Henke W et al also reported that
betaine was able to amplify prostate-specific membrane antigen (PSM)
mRNA (66 % GC) while
both DMSO and glycerol not (Henke, 1997).
Another feature of our research was the comparison of applying a KCl-contained and a KCl-free
PCR reaction mixture except the addition of additives. We found that a KCl-contained buffer was
able to improve the yields greatly when we were
amplifying a medium GC content gene, CCR5.
Even when KCl-contained buffer was used to amplify the high GC sequences,
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produce discernible bands. However, in the latter
case, all the bands were non-specific, and there
were no presence of the specific bands at 943 bp as
expected, as shown in Figure 1. Only when the
GC content was medium, the KCl-contained buffer
was specific and effective. In contrast, the KCIfree buffer showed a synergistic effect with additives. As Weissensteiner T et al pointed out, without KCI, the dsDNA in the solution was much
more unstable (Weissensteiner, 1996). AKCI-free
buffer helped the additives destabilize the superstructure, strengthened the effects of additives,
and thus enhanced specificity and improved yields.
While there are many other attempts of combining
two of the many enhancers to get better results, we
suggest the combining use of betaine and the KCIfree reaction buffer should be more effective. The
sequencing result demonstrated that such a strategy
could be quite helpful in cases of difficult PCR amplification. We used HLA-B gene to demonstrate a
series of conditions that may be used to optimize the
amplification of other high-GC templates.
5
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Conclusion

To find out the most optimal amplification
conditions for high GC DNA template, we evaluated the effects of 4 additives Betaine, DMSO, formamide and glycerol on HLA-B amplification at
different additive concentrations under the settings
of KCl-contained or KCl-free reaction buffer. We
found that 0.6 M for betaine, 10% for DMSO,
5% for formamide and 10% for glycerol were their
optimal concentrations, respectively, and the O. 6
M Betaine had the highest successful rate. We also
found that KCll greatly improved the amplification
yields when the template GC content was moderate, while zero KCI could improve the yields when
the template GC content was high. We thus recommended a O.6 M Betaine and KCl-free buffer as the
first choice in high GC amplifications.
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Cloning and Sequencing of the Tumor Antigen
MAGE-12 Gene
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Abstract:Objective.
To clone the MAGE-12 gene, preparing for researching its biological effects on MAGE-12 positive malignant tumors. Methods. mRNA was extracted from human lung cancer specimen. MAGE-12 gene was amplified by reVeT'" transcriptase polymerase chain reaction(RT-PCR)
and was identified by enzyme cutting with Pvu
II . The PCR h,gment was inserted into pGEM- T easy plasmid, and then was transformed into JM109. After the
selection of b!u<'/vchite screening, the primers designed with 17 ISP6 sequence of pGEM- T easy plasmid were applied to identify the recombinant. Further more, DNA sequence of the recombinant was analyzed. Results. The
length of the 1)'",\ fragment RT-PCR amplified by mRNA was 944 base pairs. which was confonned by enzyme
Pvull cutting id,ulification. The correctness of linking between MAGE-12 and pGEM -T easy was verified through
selection of blue/white screening and identified by 17/SP6 primers, and the sequences of DNA fragment were homology with oxresponding sequences published in GenBank, which indicated that the target gene had been inserted
into pGEM-T easy ~uccessfully. Conclusion. The MAGE-12 gene was cloned succe&'ifully, which made the foundation of bioiogical1Tcatment by using MAGE-12 gene. [Life Science Journal. 2006;3(1): 72 -74] OSSN: 10978135) .
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tumor antigen; gene
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Introduction

Materials and Methods

2. 1

Xiaohui Xial

Zhengzhou, Henan 450052 , China

Melanoma
antigen-l(MAGE-l)
gene, expressed by malignant melanoma, was first found by
van der Bruggen et al with cloning technique in
1991. And it's encoding antigen MZ2- E, expressed
in variant degree not only in melanoma but also in
other tumors, however, never expressed in normal
tissue( except testicle and placenta). The finding of
tumor specific antigen established a strong base for
the active specific immunotherapy of human tumor
vaccine. Tumor specific antigen, as a basis for human tumor specific immunotheraphy,
should be
paid more attention nowadays especially when biotheraphyof tumor developing is so fast. From studying
and analyzing, the authors cloned MAGE-12 gene successfully, and which made the foundation of biological
effect in malignant tumor and producing tumor gene
vaccine by investigating MAGE-12.

2

j

2. Department of Microbiology and Immunology, Basic Medical OJllege , Zhengzhou University,

Keywords: MAGE-12;

1

~

Materials
All specimen of lung cancer tissue were from
the First Affiliated Hospital of Zhengzhou University ,plasmid vector pGEM- T easy, restriction enzyme

Pvull ,AMV-reverse transcriptase, Taq DNA polymerase 6-mers random primer, T4 DAN joinase
were Promega products. TRIZOL reagent was Invitrogen product; gelatin of Wharton reclaiming kit
was V-Gene product; isopropy-~-D-thiogalactoside
( ITPG ), 5-bromo-4-chloro-3-indolyl-~-D-galactoside(X-Gal) were Takara products; E. coli. ]M109
were from our department's preservation.
2.2 Methods
2. 2. 1 The design and synthesis of primer
According to MAGE-12 gene sequences published in GenBank, designed the primer. Ecto-supra
primer Ml: 5' -GCACTAGCTCCTGCCCACAC-3';
ecto-infra primer M2: 5'-TGGGCCTCATGTCACACGAC-3'; ento-supra primer M3: 5' -ACTCGAGGCCACCATGCCACTTGAGCAGAGGAG3' ; partake Xho I enzyme cutting site and translation initiation codon; ento-infra primer M4: 5' -TGGTA CCCTCTTCCCCCTCTCTAAAAG-3'
partake Kpn

I

enzyme

cutting

site.

According

to the

17 , SP6 promoter sequence, which are on both
sides of multiple clone site in plasmid pGEM- T
easy, design the consensus primer 17: 5' -TAATACGACTCACTATAGGGAGA-3'; SP6: 5'-CATACGTATTAGGTGACACTA TAG-3'. All primers
we used were synthetized by Shanghai Sangon

. 72 .

OJ

J
J

j

J

'"
L...
f
J

l

l
1
~

I
~

I

"

l
Il

l
f
~

l

l
l
I

l
I

~

l

l

l
l

l
I..

l
t
l

J

.

t

l
l

Lzfe Science Journal, 3 (1 ) ,2006 , Zhang, et al , Cloning and Sequencing of the Tumor Antigen MAGE-12 Gene

Biotechnology Co. , Ltd.
2. 2. 2 Extraction of total RNA
Put lung cancer tissue specimen just sliced into
grinder and levigate it, add 1 ml TRIZOL reagent,
misce bene and transfer the mixture into 1. 5 ml
centrifuge tube; standing at room temperature for 5
minutes to make sure ribosome lyzed completely;
add chloroform of 0.2 ml, freezing centrifuged with
12000 rpm at 4'C for 5 minutes; shift the supernatant into another centrifuge tube and add
dimethylcarbinol of O.5 ml; misce bene lightly,
freezing centrifuged with 12000 rpm at 4'C for 10
minutes; dislodge supernanant and add 75 % ethyl
alocohol of 1 ml; freezing centrifuged with 7,500
rpm at 4'C for 5 minutes; dislodge supernanant; air
drying at room temperature for 10 minutes; add
DEPC liquor of 30 fl.l,put into bain-marie at 55'C
for 10 minutes. Then get total RNA and reverse
transcribe target gene fragment immediately.
2.2.3
RT-PCR and amplification of target gene
fragment
Preparation of cDNA:reaction system(30 fl.l):
5 X Buffer 6 fl.l, 4 X dNTP ( 2. 5 mmolll dNTP)
2 fl.l,6-mers random primer 1 fl.l,AMV 1 fl.l,template (the total RNA we extracted) 5 fl.l, DEPC
liquor 15 fl.!; reaction condition: aqueous bath at
42'C for 1 hour, aqueous bath at 72'C for 5 minutes
to inactivate enzyme AMV. Amplification of target
gene with PCR: reaction system of the first amplication: 10 X Buffer 3 fl.l,4 X dNTP 2 fl.l,M1 0.5
fl.l,M2 0.5 fl.l , Taq DNA polymerase 0.5 fl.l,MiniH2O 18.5 fl.l,cDNA 5 fl.!;reaction condition: predict apomorphosis at 94'C is 5 minutes, apomorphosis at 94'C for 45 seconds, renaturation at 55'C
for 45 seconds, elongation at 72'C for 60 seconds,
35 reaction circulations, and elongation at 72'C for
5 minutes the last time. Reaction system of the
second amplification: 10 XBuffer 3 fl.l,4 X dNTP 2
fl.l,M3 0.5 fl.l,M4 0.5 fl.l , Taq DNA polymerase
0.5 fl.l,Mini-H2O 18.5 fl.l ,product of the first amplication 5fl.!; reaction condition: predict apomorphosis at 94'C is 5 minutes, apomorphosis at 94'C
for 45 seconds, renaturation at 55'C for 45 seconds,
elongation at 72'C for 60 seconds, 35 reaction circulations, and elongation at 72'C for 5 minutes the
last time. Take suction of amplified sample for 5 fl.l
and identify with 1. 5 % agarose gel electrophoresis, preserve the product of the second amplification

into frige at - 20'C.
2. 2. 4 Verificationof enzymePvu II cutting target
gene and gelatin of Wharton reclaimingtarget gene
Reaction system: Mini-H2O 6. 5 fl.l, target
gene product of ultimum amplification 1. 5 fl.l,10 X
Buffer 1 fl.l,Pvu II 1 fl.l; reaction condition: aqueous

bath at 37'C for 2 hours, aqueous bath at 72'C for 5
minutes to inactivate

enzyme Pvu

II . Product

and

target gene, from enzyme cutting, which were identified with 1. 5 % agarose gel electrophoresis.
Then reclaiming product of the second PCR amplification with V-Gene gelatin reclaiming kit.
2.2.5
Construction and sequence analysis of human MAGE-12 gene cloning vector
Ligate MAGE-12 gene that gelatin reclaimed
with vector Pgem-T easy, The ligation get through
the night at 4'C , then have the ligation transfected
into E. coli. JM109. After the selection of blue/
white screening, select the white colony, then amplified by polymerase chain reaction ( PCR). After
identifing the positive cloning, sent the product for
PCR to sequence analysis.
3

Results

3. 1 The product of PCR and identification of enzyme cutting
Taking the cDNA as template, M1, M2 as the
primer, amplified by RT-PCR. Electrophorese the
product with 1. 5 % agarose gel. The stripe we get
is located at about 1000 bp contrasting with DNA
marker( Figure. 1) , this is close to our anticipation.
Electrophorese the product digested by PVU II
with 1. 5 % agarose gel, the stripe is at about 500
bp contrasting with DNA marker (Figure 2). In
the abstract, PVU II enzyme cutting site of the
MAGE-12 gene is at 3434 bp,after the enzyme cutting, the lengths of the gene fragment are 474bp
and 470 bp. The result is consistent with the abstract. The product amplified by RT-PCR is our anticipating gene.
M

2000 bp
1000 bp
750 bp
500 bp
250 bp

L
Figure 1. The product of RT-PCR (1. 5% agarose gel electrophoresis) . Lane M: DNA marker; Lane 1 :the product of PCR

.

3 2

Cloning and analysis of the target gene
After reclaiming target gene with gelatin, link
the MAGE-12 gene with the vector pGEM-T easy.
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Transfect into E. coli. ]M1O9 , select 4 stochastic
bacteria colanys to identified by PCR. The amplified gene fragments are about 1000 bp contrasting
with DNA marker the stripe locating at about
1O0bp is the empty plasmid colonies (Figure 3).
The result is consistent with the abstract. This
suggests that we have cloned the MAGE-12 gene
successfully.

"~

M

.

2000 hp

JOOO bp
750 bp
500 bp

2.00 hp

Figure 2. The result of identified by PVU II (1. 5 % agarose gel
electrophoresis). Lane M: DNA marker; Lane 1: product digested
by PVU II ; Lane 2: MAGE-12 gene
M 1
2

2000bp
IOOObp
7.o0bp
500bp

expressed in normal tissues except testicle and placenta. Therefore,MAGE-12 is a perfect target antigen in anti-tumor immunity. Yanqiu Li and
Yuzhang Wu doped out the MAGE-12 epitope identified by CTL, which was restricted by HLAA2, using the immunology methods. The CTL identified epitod is located at about 271-279
(FLWGPRALV) remnant-radix. In our country,
the literature about the MAGE-12 gene in human
lung cancer was rare.
The authors cloned the MAGE-12 gene successfully using the reverse transcriptase polymerase
chain reaction (RT-PCR), and constructed pGEMT easy-MAGE-12 cloning vector. After the sequence analysis, the sequences of DNA fragment
were homology with corresponding sequences published in GenBank. The authors constructed the
pGEM-T easy-MAGE-12 cloning vector, and made
the foundation for constructing the eukaryotic expression vector and developingthe MAGE-12 gene vaccine.
Correspondence to:
Guojun Zhang
Department of Respiratory
The First Affiliated Hospital
Zhengzhou University, Zhengzhou, Henan 450052,
China
Email:zgj@zzu.edu.cn
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MAGE family. Immunogenetics 1994;40(5) :360 -.9.
2. Ding M, Beck RJ, Keller C], et al . cloning and analysis
of MAGE-l related genes. Biochem Biophys Res Commun

1994;202(1): 549 - 55.
Figure 3. Identification of recombinant vector PGEM- T easyMAGE-12
Lane M: DNA marker; Lane 1: amplified product of negative
clone; Lane 2~4:amplified product of positive clones.
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In 1991, van der Bruggen et al found the first
melanoma antigen(MAGE-l). From then on, people found that MAGE family at least included six
sub-family: MAGE-A, B, C, D, E, F. MAGE-A is
constituted by 12 genes. At first, these genes were
named MAGE-1 MAGE-12 ,and later some people suggested that these genes were called MAGEA1- MAGE-A12. The MAGE-12 gene was found
by Ding M et al in DM150 melanoma cell line,
which was homology with MAGE-2, MAGE-3.
These genes are all belong to tumor special antigen
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Recovering Extremely Low Frequency Signal from
the Signal-Dependent Noise Background
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Abstract: We developed a signal dependent noise tensor, which can be used to describe the fluctuated geomagnetic
field coupled with Extremely Low Frequency (ELF) signals for our further biological signal processing study. Inorder to isolate the coupled ELF signals from the signal dependent noise, we introduced Quantization (QT) decoding
method to discrete the noise and recover the coupled signals from the background. The signal to noise ratio of the
coupling ELF can be amplified by QT in the power density spectrum (PDS). [Life Science Journal. 2006;3(0
:75
-77J (ISSN: 1097-8135).
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value mh should be defined.

Introduction

The signal dependent noise can be presented as
a noise tensor nij at time tij, in which index indicates the i th sample at energy level j . The signal
can be shown as Sij. Power density spectrum CPOS)
analysis for tensor nij EB Sijcan be used to identify
the coupled signalsin Sij in nij' The intrinsic coupling oscillation can be captured by probe and converted to electrical voltages shown in oscilloscope.

2

signal

Theory and Methods

Set an AC ELF signal as input to the background, the output can be transformed to electrical
voltages shown to oscilloscope.
By using HP
Benchlink, we collect the output data and transform it to Microsoft Excel as text ~iles. Matlab and
Fortran programs were performed to analyze the
data and get POS. Figure 1 illustrates the flow
chart of the QT process.
Consider the data output sequence Xij = Sij EB
nij, where Xij indicate the jth element in ith ensample.
Step 1: Get Xij
Step 2: Set QT value from VI to V6, where
VI> Vz > ... V6 for six QT levels

If Xij < Xij, set mi = Xij, a low threshold
ue mi should be defined.
If Xij > mh set mhh = Xij,
threshold mhh should be defined.
Step 5: Set xij
Xij = mIh,

a second high

= mhh

if m <Xij < mh
if mi<xij<
mh

Xij = mll, if Xij < < ml, where
mhh>mh >mhl>m >mIh >ml>
Step 6: if Xij> mhh, set Xij = VI;
if m Ih< Xij < mhh, set Xij = Vz;
if mhi < Xij < mh , set Xij = V3;
if m < Xij < mhl, set Xi}= V4;
if mih < Xij< m, set Xij = Vs;
if ml<xij<mIh,set
Xij=V6;
Data input

>

Step 3: Compute Xij, the average value of Xij
Step 4: If Xij > Xij, set mh = Xij , a high threshold

val-

mll'

~
QT

T
Y
Autocorrelati on
T

L.

:t:

Fourier transformation

I

Plot result
Figure 1. The flow chart of the QT
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It is defined amplitude signal to noise ratio as
A
ASNR = AS,n where As is the amplitude of the coupled ELF signal and An is the amplitude of the
p
noise. In contrast, SNR = P ns, where Ps is the
power of the output ELF signal calculated from

of this report is to provide a new method to recognize the ELF buried in signal dependent background noise.
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Figure 2. If SIN = 1. 5, the ELF signal component at 15 H. is
shown
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can be shown

Results
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PDS and P n is the powerof the noise. Noisecan be
defined as all unpredictable signals in PDS. Since
both ASNR and SNR can be calculated, the plot of
ASNR versus SNR produces a function curve showing the correlation between input amplitude and
output power. Even through noise may have its
own characteristic, we can calibrate the function
curve with the help of adjusting trial signal's amplitude to control the power difference by QT analysis. For instance, using a data sequence to simulate a sample function consisting of 2000 elements
including a 15 Hz sinusoid signal, Xij ( t ) = Sij( t ) +
k X nij ( t ) , label index i is from 1 to 2000 for this
sequence. The dimension of the noise tensor is
2000 X j. For simplicity, take j = 1, the power
spectrum can be simply calculated. Note that the identified ELF signal is supposed being occurred at
15 Hz. The frequency component of power density
spectrum of the noise being illustrated will depend
upon the characteristic of nij'
In addition, Figures 2 to 5 can demonstrate
the magnetic fluctuation very near the cell layer on
" the patch substrate.

),

= O. 37, the ELF component signal at 15 I{ still
..

'0

The power density spectrum calculation result
is illustrated in Table 1. We are not able to identify
ELF 15 Hz without QT if its signal to noise ratio
(SIN) is lower than 0.015.
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Table 1. The power density spectnnn calculationresult
( - :not able to identify ELF 15Hz, however; + :able to identify ELF 15 Hz)
SIN Ratio
ASNR
15 Hz
QT
+
1.0
+
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0.5
0.1
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Figure4. If SIN < 0.37, we are not able to identifythe ELF
signal at 15 Hz

The noise sensitivity to the ELF signal has
been studied for years. QT can help to recognize
ELF and increase both ASNR and the SNR providing a function curve to characterize the signal dependent noise. By using this function curve, we
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Conclusion

Discussion

Our results provide evidence suggesting that
QT is able to affect the PDS, which is linked with
the energy modulation within the noise and shows
the power that the noise could sense. The purpose
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can find the best estimate signal-to-noise ratio of
the coupled ELF. The remaining question is how
can we find the best combination of the weights of
QT in experiments: Fuzzy and neuronet analysis
may help for further noise tensor characteri"tic
studies.
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Abstract: Rapeseed is a major edible oilseed and protein crop in China. Its oil is 35 % of the total vegetable oil in China,and its meal is 25%. The rapeseed proouction in China has been increased steadily since 1980s, especially in
1990s. The yearly averagee planting acreage of rapeseed is 6. 25 million hectares, from 5.70 - 6. 90 million
hectares, three times of the 1950s-1960s'.
The total proouction has been increased 10 times since then. At present, the total vegetable oil proouction is 8.5 million tons, meanwhile the consumption is about 11 - 12 million
tons, so there is still a shortage of 3 - 4 million tons every year. There are about 144 double and single low cultivars
registered officially in China during 1985 - 2002, and 67 are OP' s cultivars and 77 are hybrids. The potential yield
of the double low oP' s cultivars is about 5 % higher thilIl that of the normal cultivars( check, double high), and
yield of the hybrids are 15 % - 20 % higher than that of the checks. It is predicated that: the planting acreage can
reach 7 - 8 million hectars in 5 - 10 years; double low cultivars will replace double high normal cultivars; hybrids
will replace OP' s cultivars; cytoplasm male sterility and genic male sterility are still the two important system for
heterosis application; the studies on transgenic rapeseed will become important and high yield, high oil content and
gocxl resistance to diseases will be more important breeding goals in China. [Life Science Journal. 2006;3(1): 7880] (ISSN: 1097 - 8135) .
Keywords: rapeseed; genetic improvement;

more rapeseed. Thirdly, the rotation of rice-rapeseed made the changes of rotation systems, as a result that a lot of areas of rice-rapeseed rotation has
replaced other crops.
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Rapeseed proouction in the World
Area
Yield
Total Yield
(106hm2)
(kg/hnl)
(1O4t)
25.057
1469.5
3690.1
6.807
1434.9
977.7
6.560
888.3
579.6
4.826
1449.3
700.3
1.117
1327.4
145.1
4.387
2628.0
1155.6

edible oil has been increased greatly. Secondly, the
planting acreage of winter wheat in the country was
decreased because the demand for wheat was decreased. There is potential land for farmers to plant

-J

The proouction and consumption in China
Proouction Consumption Shortage
Year
(104t)
(104t)
(104t)
1994 - 1995
615
963
338
1995 - 1996
680
937
257
1996 -1997
684
1000
316
1997 -1998
746
1130
384
1999 - 2000
832
1120
288
2001 - 2002
850
1200
350

Finally, more and more rapeseed cultivars with
high yield and good quality were registered. These
cultivars brought a lot of benefit to farmers.
At present, the production of edible oils in
China is about 8. 5 millions (rapeseed oils about 3. 5
million tons) while market demand is 11 - 12 million tons (9 kg per person). There is a shortage of

Several reasons have been promoting the development of rapeseed production since 1990s.
Firstly, with the development of Chinese economy,
the national and international market demand for

""

Table2.

6.90 million hectares, three times of the 1950s1960s'. The total production has been increased 10
times since then(Table 1 and Table 2).
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of rapeseedis 6. 25 million hectares, from 5. 70 -

World
China
India
Canada
Autralia
Euro~

..

~

Rapeseed is an important edible oil and protein
crop in China. Its oil is 35 % of the total vegetable
oil in China, and its meal is 25 %. The rapeseed
production in China has been increased steadily
since 1980s. The yearly averagee planting acreage

Nations

"

China

1 Brief Introduction of Rapeseed Production

Table1.

J

3. 0 - 4. 5 milliontons. Comparingto the consumption of 15 - 16 kg oils per person in the Southeast
Asia, the demand might be 18 - 20 million tons in
the countries. This analysis indicates that there is a
great of market potential for edible oils in China.
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2 Quality Improvement in Rapeseed
The rapeseed production has been increased
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steadily since 1950s and 1960s in China, Brassica
napus replaced Brassica campestris (the cultivation
of B. campestris was over 80 % before 1960s). In
1970s, B. na pus became popular (over 80 % ). In
the early 1990s, a lot of single low or double low
OP' s (open-pollinated)
varieties were extended,
meantime, some single low or double low hybrids
were registered. After 1995, the planting acreage
of single low varieties was decreased and the
acreage of double low varieties (include OP' s varieties and hybrids) were increased.
In 1975, the low erucic acid variety, "Oro" ,
was introduced into China. In 1980, the double low
variety, "Tower", was also introduced into China.
Both of them are the spring type and are planted
only in a spring rapeseed area which are unsuitable
for the winter rapeseed area, such as the Yangtze
River basin. The winter rapeseed area is over 80 %
of total rapeseed areas, a short-day photoperiod in
China. Due to the varities from Canada and Europe
with strong photoperiod sensitiveity, they need a
long-time photoperiod to flower, so their maturity
time is longer than that of semi-winter and winter
types, and their growth are not so good. Some winter type varieties from Europe have also been introduced to China, and their maturity date is also delayed because of lack of enough strong photoperiod
in this region. So we have to breed some cultivars
for adaption to condition in China.
The first public rapeseed program in China
was initiated in 1980. The first Chinease double low
cultivar Yuyou No.2 in Brassica napus was released in 1985. Since then, a series of cultivars with
improvement in yield, resistance to diseases, quality
and agronomic type, have been released. Now,
there are about 144 double and single low cultivars

registered officiallyin China during 1985 - 2002,
of which 67 are OP' s cultivars, and 77 are hybrids. The potential yield of the double low OP' s
cultivars is about 596 higher than that of the common quality cultivars (check, double high).
3 Application of Heterosis
The development of Fl hybrids in maize,
sorghum and sunflower gave dramatic increasee in
yield over the open-pollinated varieties by exploiting heterosis or hybrid vigour. In the case of
sorghum and sunflower the discovery of cytoplasmic
male sterility( CMS) systems in each species quickly
led to the development and introduction of hybrids.
It is expected that a CMS system could be found in
Brassica that would enable the development of hybrid in double low rapeseed. A good candidate crop
for hybrid development should:

of Rapeseed in China

- be self pollinated so as to enable the development of inbred lines.
- be capable of cross pollination so as to enable
the easy production of hybrid seed.
- have a low seeding rate and therefore pennic
low cost seed per hectare.
- have good heterosis
for yield.
- have a good pollination
control system to enable the easy production of Fl hybrids.
Rapeseed (Brassica napus) has all these traits
but is lacking a good pollination control system to
make hybrids. Although a range of different methods has been put forward as means to produce hybrids such as self incompatibility ( SI) , genic male
sterility (GMS) and the use of chemical hybridizing
agents( CHA) , the successs and simplicity of CMS
in other crops suggested that this would be an ideal
method to make hybrids. Luckily, in 1972, a new
( CMS) system, "po lima A" , was discovered by professor D. T. FU (Huazhong Agricultural University) in China. Initial work was showed that there
was a single dominant gene for restoration which
did not occur in nonnal cultivars. All cultivars behaved as B lines or had some degrees of partial
restoration so could be classified as poor maintainers. In fact, some good restorative genes for polima
A were discovered in Chine and other countries.
Polima system is the first practicable cytoplasmic
male sterility systems in the world. It led to the release of the first hybrid, Qinyou No.2, in 1986.
The first single low hybrid, Huaza No.3, released in
1991. The first double low hybrid, Huaza No.4,
registered in 1994. Since then, a series of cultivars
with improvement in yield, resistance to diseases,
quality and agronomic type, have been released.
Now, there are about 77 double and single low hy-

brids registered officially in China during 1985 2002. The potential yield of the double low hybrids
is 15 % - 20% higher than that of the nonnal
checks.
Despite of the success of these hybrids, it was
very clear that the polima CMS system had limitations. The challenge was to find gennplasm which
could produce A lines with stable male sterility. It
was very difficult to breed A lines with stable male
sterility and even the best ones produced some
pollen at either low or high temperatures ( or both) .
The petal morphology of the A lines attracted bees
to gather nectar but they do poor job of transferring
pollen. This means that seed yield in hybrid production fields would be low and unpredictable . To
overcome the disadvantage of polima CMS, a range
of different methods have been put forward such as
GeMS (genic and cytoplasmic male sterility) and
dominant genic male sterility gene (DGMS) to im-
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prove the stability of the male sterility. Two new
GCMS systems (dominant genic and polima CMS
male sterility, recessive genic and polima CMS male
sterility) have been established. With these new
GCMS, the polima line 1141A and its two hybrids
(Huaza No.3, Huaza No.4) have been improved.
The genetically improved A line has more stable
male sterility. The genetically improved two hybrids (Huaza No.3, Huaza No.4)
have higher
yield, better quality and better tolerance to the disease of Sclerotinia. The DGMS has been used to
establish a random-mating population of polima
CMS maintainers by using some polima CMS maintainers to cross twice with the DGMS.
4

Future Direction

(1 ) The planting acreage might reach 7
million hectares in the coming 5

-

-

8

10 years. The

acreage of transplanting rapeseed will decrease because the cost of labour is going up. So the raise of
total production would be limited.
(2) Double low cultivars will replace double

high cultivars in 3 - 5 years. The breeding goal is to
increase oil and protein content, resistance to diseases, higher yield and decrease the glucosinolates
content.
(3 )The breeding of yellow :"eed coat has been
in a great advance in many institutions. It is predicated that the acreage of double low cultivars with
yellow seed coat will be extended widely in 3 5
-

years.
(4) The major breeding goal is to utilize heterosis with good quality. Cytoplasmic male sterility

and genic male sterility are still two important systems for hybrid breeding. The planting acreage of

1
)

hybrids will be ,over 75 % in 5 - 10 years.
(5) The studies on transgenic rapeseed will become important. At present the nation still limits
the extension of the transgenic plant. If the nation
could approve genetic modification of rapeseed,
herbicide tolerant varieties would be the first transgenic rapeseed cultivars in market.
( 6 ) The processing level of rapeseed will be
improved greatly by introducing equipment and improving technology.
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l
I

l
I
I
~

I

Runping Hanl, ]inghua Zhani,

f

Lu Zhul, Weihua Zoul, lie Shil

1 . Department of Chemistry, Zhengzhou University, Zhengzhou , Henan 450052, China

l

.

(

2. Department of Chemistry, Huanghuai University, Zhumadian , Henan 463000, China

l

Abstract: A new sorbent system for removing copper ions from aqueous solutions has been investigated. This new
sorbent is cereal chaff, an agriculture product in middle-west region in China. Variables of the system include sorption time, pH, chaff dose and solution temperature. The experimental results were fitted to the Langmuir, Freundlich model isotherms to obtain the characteristic parameters of each model. Both the Langmuir and Freundlich
isotherms were found to represent the measured sorption data best. According to the evaluation with the Langmuir
equation, the maximum sorption capacities of copper ion onto chaff increased from 4.46 to 5. 62 mg' g -1 with temperature increasing from 293 K to 303 K. Using the thermodynamic equilibrium coefficients obtained at different
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temperatures, various thermodynamic parameters, such as 6Co, MfJ and 6So, were calculated. The thermodynamics of copper ion/chaff system indicatec'ispontaneous and endothermic nature of the process. The pseudo first-order and pseudo second-order kinetic models were also applied to experimental data assuming that the external mass
transfer limitations in the system can be neglected and biosorption is sorption controlled. The results showed that
copper( II) uptake process followed the second-order rate expression and adsorption rate constants increased with
temperature. Using the second-order kinetic constants, the activation energy of biosorption was also evaluated.
'
[Life Science Journal. 2006;3(l):81-88J
(ISSN: 1097-8135).
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Introduction

Sorption has been an effective separation process for a wide variety of applications. Since applicating traditional treatment techniques need enormous cost and continuous input of chemicals, which
become impracticable, uneconomical, an alternative
inexpensive sorbent able to drastically reduce the
cost of a sorption system has always been searched.
The process of heavy metal removal by biological
material is called biosorption.
The major advantages of biosorption include: (1) low cost, ( 2 )
high efficiency of heavy metal removal from diluted
solutions, (3) regeneration of the biosorbent and
the possibility of metal recovery. Other advantages
of biosorption are that it avoids the generation of
toxic sludge and can be used under a broad range of
operating conditions (pH, temperature,
metal concentration, presence of other ions in the solution,
etc). These demands led to increasing interest in
biosorption (Drake, 1996; Han, 2000).
In recent years, agricultural by-products such

as wheat shell, rice husk, tree fern have been
widely studied for metal removal from wastewater
( Teixeira, 2004; Ho YS, 2003; Basci, 2004). In
this article, we selected cereal chaff as the biosorbent to adsorb copper ( II) from the aquatic systems. Firstly,
chaff contains abundant floristic
fiber, protein and some functional groups such as
carboxyl, hydroxyl and amidogen etc, which make
adsorption processes possible (Han, 2004).
Secondly, obtained from agriculture as a byproduct,
the chaff yield is vast. Usually, chaff is fed to livestock and poultry and did not have any other use.
Biosorption

for lead (

II )

from

aqueous

solution

by

chaff in batch mode has been studied and the chaff
can be as a adsorbent to removal lead from aqueous
solution (Han, 2005).
The aim of this work was to study the possibility of the utilization of chaff for sorption of copper ions from aqueous solutions. The system variables studied included pH, biomass dose and the
initial metal ions concentration at different temperature. The isotherm constants for the Langmuir,
Freundlich model have been determined. The ther-
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modynamics and kinetic parameters, such as 6Go,
tJ.Ho,,150 and Ea, k1, kz and so on have been calculated.
2

Materials and Methods

2. 1

Preparation of biomass
Fresh biomass of chaff was collected from its
natural habitats on the dead millet in the farmland,
Luoyang City, Henan Province, China. The raw
chaff was washed a few times with distilled water,
and dried in an oven at 373 K for a period of 24
hours, then ground and screened through a set of
sieves to get different geometrical sizes 104 - 120
/lm. This produced a uniform materialfor the complete set of biosorption tests, which was stored in
an air-tight plastic container for all investigations.
2.2
Metal solution
The chemicals used for study were analytical
grades of copper nitrate (Cu (N0:3 >z), and nitric
acid supplied by Luoyang Chemical Reagent Company (China).
The stock solution (1000 mg .1-1 )
of copper was prepared by dissolving the salts in
distilled water.
2.3
Methods of adsorption studies
The process of experiment was as following:
put a certain mass of chaff into conical flasks,
added the solute of metals of copper, vibrated for
some time, when reaching the biosorption equilibriurn, took out the conical flasks, and filtrated to
separate the chaff and the solution. The concentration of the free metal ions in the filtrate was analyzed using flam atomic absorption spectrometer
(AAS) (AAanalyst 300, Perkin Elmer, USA).
Each procedure was repeated three times and the
results given were the average values.
The data obtained in batch model studies was
used to calculate the equilibrium metal uptake capacity. It was calculated for each sample of copper
by the following equation:
V(CO-ce)
(1)
qe=
m

Where: q e is the biomass biosorption equilibrium
metal ion uptake amount in mg. g -1, V is the sample volume in ml, Co is the initial metal ion concentration in mg. 1-1 , Ce is the equilibrium metal ion
concentration in mg.l-1,
and m is the dry weight
of the biomass in g.

I

J

.,
I

3 Results and Discussion
3. 1

The effect of biosorption time
In this part of experiment, in order to find the
time of equilibrium, we studied the effect of time to
adsorb copper on chaff. Take O.08 g chaff to sever-

al conical flasks, added contenting metal ions solution 10 ml separately. The concentration of copper
was 20 mg.l-1 . Then in different intervals we analyzed the concentration of metal ions in the solution. The results were shown in Figure 1. A twostage kinetic behavior was evident: a very rapid initial sorption over a few minutes, followed by a long
period of much slower uptake. As seen from Figure
1, with the beginning of biosorption the uptake of
metal ions increased quickly, then 10 minutes later, the change slowed down. So the adsorption of
copper on chaff was speedy, and in ten minutes,
the reaction of sorption nearly reached equilibrium.
After this equilibrium period, the amount of adsorbed metals ions did not significantly change with
time. So the removal efficiency was high. Furthermore the adsorption capacity of copper attained
1. 78 mg

. g -1

( o. 028 mmol. g -1 ).

Hence in the

following studies, we selected 30 minutes as the
time of adsorption equilibrium.
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Figure 1. The effect of biosorption

time

3.2

The effect of biomass dose
In order to find out the effect of biomass dose
on biosorption of copper on chaff, studies were carried out in stirred batch experiments using known
quantities of the chaff. We did the following experiments. Put different weight chaff into conical
flasks, then added the solute of metals in the same
concentration, which copper was 20 mg .1- 1,and vibrated for 30 minutes. The influence of adsorbent
dosage in equilibrium uptake and copper removal is
depicted in Figure 2.
The increase in adsorbent dosage from 2 - 12
g .1- 1 resulted in an increase from 50. 7 % to 77.
0 % in adsorption of copper( IT ) ions. This was because of the availability of more and more binding
sites for complexation

of copper(

JI)

}

J I

J

ions. Howev-

er, copper uptakes showed a reverse trend to the
percentage adsorptions (Figure 2). With increasing
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adsorbent
dosage from 2 to 12 g' 1-1, the adsorption of copper( II ) ion per unit weight of adsorbent

decreased from 5. 1 to 1. 2 mg' g 1. There were
many factors, . which contributed to this adsorbent
-

concentration effect. The first and most important
factor was that adsorption sites remain unsaturated
during the adsorption reaction. This was due to the
fact that as the dosage of adsorbent is increased,
there was less commensurate increase in adsorption
resulting from the lower adsorptive capacity utilization of the adsorbent. The second cause may be the
aggregation/agglomeration
of sorbent particles at
higher concentrations,
which would lead to a decrease in the surface area and an increase in the dif-

nated, the effect of proton competition was feeble,
and metal ions removal was increased. As for the
decrease of adsorption capacities after the pH value
of 5. 2, it was because when above this pH value,
copper ions in solution were in two forms: Cu2 +

and (CuOH) +. Since in the later state copper in
solution would present a larger size that it would be
adsorbed less easily and therefore a diminution in
the biosorption capacity would be expected. Furthermore, if the pH value was over 7. 0, the ions of
copper would deposit, so in the course of experiment, we selected that the pH values near 5. O.
Similar results were reported using wheat shell as
the biosorbent at pH 2 - 7 (Basci, 2004).

fusional path length. Put together,
the following
experiments were carried as the selected concentration of biosorbent 8 g'l-l
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The effect of pH values
The most important single parameter influencing the biosorption rate and capa6ty is the pH of
the biosorption medium. In order to examine the
pH variation as well as its effect on metal ions
biosorption in batch, copper ions adsorption experiments were done in the pH ranging from 2. 0 to
6.5 at 293 K. The concentration of copper was 20

mg .1- 1. The adsorptive time was 30 minutes. Fig-
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The effect of initial copper concentration on

temperature-dependent

ure 3 showed the effect of pH values on adsorption
of copper by chaff.
From Figure 3, we observed that the adsorption capacities increased with pH value at the range
of 1. 8 to 5.2. While, when the value of pH was
higher than 5. 2, the decrease of adsorption capacities were observed. The reason may be as follows:
at very low pH values, the surface of adsorbent
would also be surrounded by the hydrogen ions
which competed with metal ions binding the sites of
the biosorbent.
While with the pH values increased, especially when the pH value was above
3. 0, and the concentration of proton was very low,
the carboxylic acid sites can be appreciably deproto-

biosorption

The biosorption of copper by chaff at. the
biomass concentration of 8 g' 1-1 was studied at
several different initial metal concentrations

ranging

from 5 mg' 1- 1 to 30 mg' 1- 1 of copper at pH 5. 0
and 293 K. The result was shown in Figure 4. As
seen from Figure 4, equilibrium uptake increased
with the increasing of initial metal ions concentrations at the range of experimental concentration.
This was a result of the increase in the driving force
from the concentration gradient, as an increase in
the initial copper ( II ) ion concentrations.
In the

same conditions, if the concentration of metal ions
in solution was higher, and the active sites of chaff
were surrounded by much more metal ions, the reaction of adsorption would be carried out more sufficiently. So as it was observed, the biosorption
amount for copper increased with the increase of
initial metal ion concentrations.
The equilibrium uptake at different temperatures were also showed in Figure 4 with respect to
initial metal ion concentration

(5

-

30 mg' 1-1 ). It

was clear that the uptake increased with increasing
temperature. The it).crease of the equilibrium up-

. 83 .

L.

~

J

t

~
I
Life Science Journal, 3 (1 ) ,2006, Han et al , Determination

take at increased temperature indicated that the adsorption of copper( II) ions to chaff was endothermic by nature. The endothermic nature of metal
adsorption has also been reported previously for adsorptive removal of copper ( II) by tree fern (Ho
YS, 2003) and wheat shell (Basci, 2004).
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J

Langmuir model is probably the most popular
isotherm models due to its simplicity and its good agreem,ent with experimental data. It can be described by the linearized form (Langmuir 1,1916):
~=
qe

1

KLq=

.~+~
ee

(2)

qmax

.

Where qmax( mg g - 1) is the maximum amount of
metal ion per unit weight of chaff and KL is the e-

22
2.0

quilibrium adsorption constant. e e is the equilibrium
metal ion concentration in mg' 1-1 and q e is the

1.8
1.6

biomass biosorption

-~ 1.4
'OJ)

metal

~

08
0.6
04

m

~

~

~

~

C"(n~.rJ)
Figure 4. Equilibrium quantities of copper at different
centrations at different temperature

initial con-

3. 5

Application of adsorption model
Adsorption isotherms show the distribution of
solution between the liquid and solid phases. Many
different isotherm models have been proposed for
the adsorption of solutes in a liquid solution on a
solid surface. And it can be described by several
mathematical
relationships
such as the standard
Langmuir and Freundlich models. In this article,
Langmuir and Freundlich models were both applied
to the adsorption data.

J
1

t
)
I

)

ion uptake

capacity in mg' g -1. By plotting 1/ q eversus 1/ ee'
q maxand K L can be determined.

12
~
o:ii 1.0

02

equilibrium

J
I
1

As to Freundlich model, the equilibrium established between the adsorbed metal ions (q e) and
that remained free in the solution (e e) is represented by the Freundlich adsorption isotherm, which
has the general form (Freundlich, 1906),
(3)
qe=KF'e~/n
A linear plot of this equation is as the following
form,

~
~

~
~

j
I

j

1

(4)
lnq e = lnK F + -lne
e
n
This equation gives an intercept KF denoting
the adsorption and slope, the value of 1/n indicating the intensity of adsorption.
The data obtained in different temperature
were applied to the Langmuir and' Freundlich model
and the results were shown in Table 1. SD is the
residual standard deviation of regressive lines.

1

JI

I
I
.I

.

I

)

II
1
J

Table 1.
T I(K)
293
298
303

The application of Langmuir and Freundlich model to the adsorption of copper on chaff at different temperatures
Freundlich constant
Langmuir constant
qrmx
KL
n
R
SD
SD
R
KF
(mg-g-I)
(I'mg-I)
0.097
1.130
0.990
0.188
0.987
0.160
0.0437
4.46
0.153
1.134
0.976
0.180
0.210
4.51
0.982
0.0484
0.0533

5.62

0.996

0.344

0.074

1.359

0.975

0.155

j

J

,
~

~

From Table 1, as the R > 0.97 and SD <
O.2, it could be concluded that the adsorption of
copper on chaff was both fitted well to Langmuir
model and Freundlich model. It could be observed
that with the temperature increasing, the value of
equilibrium adsorption constant became bigger and
the maximum amount of metal ion per unit weight
of chaff increased, too. When the temperature was
lower than 300 K, the adsorption capacity rose
with temperature increase. It could also be observed that with the temperature increasing, the
values of KF and n rose. This also indicated that

with the temperature increasing, the ability of adsorption increased. It was consistent with the result
obtained from Langmuir model.
K F, one of the Freundlich constants has been
used as a relative measure of adsorption capacity,
n , the other Freundlich constant was related to intensity of adsorption. From Table 1, all measured
values of KF showed easy uptake of copper with
high adsorptive capacity of chaff and significant differences in sorption capacities due to temperature.
In general, the values of KF increased with temperature from 293 K to 30;3 K. The obtained values of
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n indicated a higher adsorb ability of the copper at
all temperatures studied.
While the Freundlich model does not describe
the saturation behaviour of the sorbent, q rmx' the
mono-component Langmuir constant represents the
monolayer saturation at equilibrium or the-total capacity of chaff for copper. From Table 1, the values
of qmax increased with temperature till 303 K. At
303 K, the maximum loading capacities of chaff was

determined as 5. 62 mg' g -

1 . The

The solubility of a metal is an essential property to enable the metal to penetrate into the porous
structure of chaff. The concentrations
of metal
CuOH- , Cu (OHh, Cu (OH)3 - , and
were too small to affect the concen-

trations of Cu2+ in this study. Although many metal
species can be viewed as potential adsorbates in the
uptake of Cu2+ from solution, the data presented in
this study suggested that, under experimental conditions (pH = 5.0) , the species responsible for the
adsorptive removal of Cu2+ was the predominant

one in the species distribution,

radius is o. nA) in a close packed monolayer.
Therefore, the specific surface areas can be calculated for Cu2+ . Table 2 listed the S values at three
different temperatures.
Table 2.
T(K)
293

other mono-com-

ponent Langmuir constant K L indicated the affinity
for the binding of copper. Its value was the reciprocal of the concentration at which half of the saturation of the adsorbent was attained (or copper
amount of qrmx/2 was bound). A high KL value
indicates a high affinity. The higher values of KL
obtained at 303 K also implied the strong bonding
of copper to chaff at this temperature.
But for adsorption Pb( II ) on chaff, the results were inverse
to the effect of temperature. The adsorptive capacity decreased which implied the weaker bonding of
lead to chaff with temperature increasing (Han,
2005) .
3.6
Estimation of the specific surface area S of
chaff

species (i.e.
CU(OH)42-)

area Cu2 + has been determined to be 1. 58A2(Cu2+

namely the Cu2+

(Ho YS, 2003; Basci, 2004). Thus, biosorption
could be explained by elucidating the mechanism
whereby the Cu2+ molecules were accommodated
by chaff surface.
Monolayer coverage of the surface by the metal
ions can be used for the calculation of the specific
surface area S according to following equation (Ho
YS, 2003):
S = qrmxNA
M

(5)

.

where S is the specific surface area, m2 g - 1 chaff;
q rmx is monolayer sorption capacity, gram metal per
gram chaff; N is Avogadro number,
is the cross sectional area of metal
molecular weight of metal.
For
molecular weights are 63. 5 and the

6 . 02 X 1023; A
ion, m2; M is
Cu2+ ion, the
cross sectional

298
303

Specificsurface areas for copper ion
qmax(mg)
S(m2'g-1)
4.46
0.67
4.51
5. 62

0.68
O.69

From Table 2, the maximum specific surface
area of chaff towards Cu2+ binding was 0.67 m2.
g-l, 0.68 m2'g-1, 0.69 m2'g-1 with the temperature 293 K, 298 K, 303 K, respectively.
3.7 K R values at different initial concentrations.
The effect of isotherm shape can be used to
predict whether a sorption system is 'favourable'
or 'unfavorable' (Ho YS, 2003). The essential
features of the Langmuir isotherm can be expressed
in terms of a dimensionless constant separation factor or equilibrium parameter KR, which is defined
by the following relationship(Ho YS, 2003):
1
(6)
KR=1 + KLco
where K R is a dimensionless separation factor, Cois
initial concentration (mg' 1-1 and 'KL is Langmuir
constant (1 mg - 1 ). The parameter K R indicates
the shape of the isotherm accordingly:
Values of KR
Type of isotherm
KR>l
Unfavorable

.

KR

=1

Linear

O<KR<l

Favorable

K R= 0

Irreversible

The values of KR at 293 K, 298 K and 303 K
were given in Table 3. The KR values indicate that
sorption was more favorable for the higher initial
copper concentrations than for the lower ones. It
was apparent that the sorption of copper on chaff
was favorable with the conditions used in this
study.
.
3. 8 Thermodynamic parameters of biosorption
The original concepts of thermodynamics assumed that in an isolated system, where energy
cannot be gained or lost, the entropy change was
the driving force. In environmental engineering
practice, both energy and entropy factors must be
considered in order to determine what processes will
occur spontaneously. The Gibbs free energy
change, 6.Go, is the fundamental criterion of spontaneity. Reactions occur spontaneously at a given
temperature if 6.Go is a negative quantity.
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Table 3.
Co(mg'l-l)
5
10
15
20
25
30

of the Equilibrium

of the capacity quantities of chaff were. Hence as to
copper adsorption, it took advantage of higher temperature.

K Rvalues based on the Langmuir isothenn
293K
298K
303K
0.821
0.805
0.790
0.696
0.674
0.652
0.604
0.579
0.556
0.534
0.508
0.484
0.478
0.452
0.429
0.433
0.408
0.385

4

I

24

-"
"'fJ20.
>!Ii
%1.6

.J

...~::-~

1.2

r::O::iiiKJ

0.8

1--3!B1(/
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Value of ~Go can be detennined from the following equation (Ho YS, 2003; Tewari, 2005)
~Go = - RTlnKL
(7)
The change of enthalpy (~W)
and entropy
(~SO) can be obtained from the slope and intercept
of a van' t Hoff equation of ~Go versus T (Tewari,
2005 ;Aksu, 2002) ,
~Go= MfJ - TL:.So
(8)
Where ~Go is standard free energy change,];
R is universal gas constant,

8. 314 ]

.mol-

1

. K and

T is absolute temperature,K.
Values for the biosorption process obtained
from Eq. (7) and Eq. (8) are listed in Table 4.
Table4. The l:.Co, l:.~ and l:.Sovalues of copper and copper adsorptionon chaff at different temperatures
303
293
298
T/K
-20.5
-19.3
-19.9
l:.C°(l0 'mol-l)
14.6
&(l0'mol-l)
0.116
l:.SO(kJ'mol-l K-1)

u
~

The negative values of ~Go confinn the feasibilityof the process and the spontaneous nature of
sorption with high preference of copper ( II) on
chaff. The value of ~W is positive, indicating that
the sorption reaction is endothennic. The positive
value of ~So reflects the affinity of the chaff for
copper ion and suggests some structural changes in
copper and chaff (Gupta, 1998). In addition, positive value of ~So shows the increasing randomness
at the solidlliquid interface during the sorption of
copper ion on chaff.
3.9 Kinetic parameters of biosorption
In order to calculate the kinetic parameters,
the change of the amount of metal ion per unit
weight of chaff with adsorbing time increasing at
different temperatures was shown in Figure 5.
From Figure 5, we observed that the value of
qe increased with time and in the same condition of
adsorption, the higher temperature was, the higher
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3. 9. 1 Kinetic modeling
There were several reports on the use of different kinetic models to adjust the experimental data
of heavy metals adsorption on biomass. One of them
was the pseudo-first -order Lagergren model that
considered that the rate of occupation of adsorption
sites was proportional to the number of unoccupied
sites(Aksu,
2005):
~=kl(qe-q)
(9)
Where q e and q are the amounts of adsorbed metal
ions on the biosorbent at equilibrium and at any
time t, respectively, and k 1 is the Lagergren rate
constant of the first-order biosorption. The i'ange
of t is from 0 to t and q is from 0 to qe' It can be
described by the linearized fonn as following:
k1
log(qe-q)
= log qe-2.303t
(10)
Linear plots of log( q e - q) versus t indicate the applicability of this kinetic model. However, before

applicationEq. (10) , the value of qe must be preestimated by extrapolating the experimental data to
t==.
The second model is the pseudo-second-order
model reaction. The observed kinetics can be modeled that the rate of occupation of adsorption sites is
proportional to the square of the number of unoccupied sites (Ho YS, 1999):

~=

k2(qe

-

q)2

(11)

Where k2 is the rate constant of second-order
biosorption (g' mg - 1 min - 1 ) , which corresponds
to the integrated rate law for a second-order reaction, is obtained:
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1
1
-=-+k2.t
(12)
qe - q qe
Eq. ( 12) can be rearranged and linearized to obtain:
~=~+~t
(13)
q
k2q~ qe
The plot t / q versus t should give a straight
line if second-order kinetics is applicable and k2 and
q e can be determinedfrom the slop and intercept of

the plot, respectively. Furthermore, the value of qe
may not be known.
3. 9. 2 Kinetic parameters
Aiming at evaluating the biosorption kinetics
of copper and copper ions on chaff, the pseudo-firstorder kinetic model and pseudo~second-ordermodel
were used to fit the experimental data. The initial
concentration of copper and copper was 20 mg '1-1.
The result was shown in Table 5.

~
.

Table S. The applicationof kinetic model to the biosorptionof copper on chaff
First-order kinetic model
Second-orderkinetic model

T(K)

f

293
298
303

~
~
I

k1(min-l)
0.0260
0.0286

qe(mg'g-l)
0.27
0.23

R
0.980
0.951

0.0316

0.20

0.940

k2(g'mg-l'min-l)
0.939
1.305
3.685

qe(mg'g-l)
1. 65
1.73
2.09

R
1. 000
1. 000
1. 000
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From Table 5 we came to a conclusion that the
biosorption data of copper on chaff was perfectly
fitted the second-order kinetic model. The linear coefficients were all 1. 000, which indicated that the
linearity was good. Furthermore the value of qe obtained from the Eq. (13) fitted the experiment data well. The value of k2 was increased with the increased temperature,
which indicated that the rate
of reaction became speedy.
According to the Arrhenius-type
correlation
(Tewari,2005jAksu,2002;Ho
YS,1999):
-E
k=koexp(
RTa)
(14)
where ko is the temperature independent factor in
g' mg - 1 . min 1 , E a is the activation energy of the
reaction of biosorption in kJ. mol- 1 , R is the gas
-

constant, 8. 314 ]'mol-1'K-1
and T is the sorption absolute temperature, K. The linear form is:

:r

+ Inko
(15)
Ink = Linear plots of Ink versus l/T should give a
straight line. The value of Ea can be obtained from
the slope of the line. According to the Eq. (15) , the
activation energy of biosorption of copper on chaff
was evaluated as 100. 3 kJ. mol-1 by the value of
the rate constant of second-order biosorption. This
value was of the same magnitude as the activation
energy of activated chemisorption. The result also
suggested that the process of the chaff adsorbing
copper was endothermic.
4

Conclusion

The Freundlich and Langmuir adsorption
models were used for the mathematical description

of the biosorption equilibrium of copper(

IT ) ions to
chaff depending on temperature. The isotherm constants evaluated from the isotherms were used to
compare the biosorptive
capacity of the dried
biomass. It was seen that the isotherm constants
decreased with temperature
increasing.
The obtained results showed that the adsorption equilibrium data fitted very well to both the models in the
studied concentration range at all the temperatures
studied. The equilibrium sorption of copper ions
was determined from the Langmuir equation and
was found to be 5.62 mg'g-1
at 303 K. Various

thermodynamic
parameters,
such as 6Co,
[:.Ho
and 65°, were calculated. The suitability of the
pseudo first and second order kinetic models for the
sorption of copper( IT ) ions onto biomass was also
discussed. It was decided that the biosorption kinetics of copper ( IT) ions to chaff obeyed the
psendo second-order adsorption kinetics. with the
pseudo second-order
kinetic constants increasing
with temperature,
the activation energy of biosorption VlCflS
eval ua ted as 100. 3 kJ. mol- 1 . The thermodynamics and kinetics of copper ion/chaff system indicated spontaneous and endothermic nature
of the process.
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of Parents and Their Adult Offspring
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Abstract: Aim. To probe into the effects of marriage quality upon the mental health of parents themselves and their
adult offspring. Methods. The Symptom Checklist-90 (SCL-90) is applied to and marriage quality questionnaire is
carried out among 255 college students, and results have been analyzed. Results. Marriage quality appraised by parents themselves is negatively correlated to most of their factors in SCL-90 (P < 0.05, P < 0.01) . Marriage quality
appraised by father shows negative correlation with mother's total score and her most factors in SCL-90 (P<O. 01,
P< O. 001). Marriage quality of parents also shows negative correlation with the total score and most factors of
their adult offspring in SCL-90 (P < 0.05, P < 0.01). Marriage quality of parents during the earlier years of their
married life is more negatively correlated to their factors in SCL-90 than the marriage quality at present (P < 0.05,
P<O. 01). Conclusion. The mental health of middle-aged couplec<;is correlated to their marriage quality. Husbands
normally feel that marriage quality exerts greater influence on the mental health of wives. Marriage quality of parents may also have effects upon the mental health of their adult offspring, and particularly the marriage quality of
parents during the earlier stage of their married life may produce greater influence upon the mental health of their
adult offspring. [Life Science]ournal. 2006;3(1):89~93J
(ISSN: 1O97~8135).
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Introduction

The stress theory in medical psychology is a
theory about the psychosomatic
relationship.
It
emphasizes the effect brought about by stress life
events upon a person's mental health. Then, what
stress life events will exert significant effects upon
man's mental health? In the Social Readjustment
Rating Scale ( SRRS) worked out by Holmes and
Rahe, which contains 43 life events, 16 life events
belong to categories of family, marriage and sexual
life(Rabin,
1976). In the Life Events Scale(LES)
which covers 50 kinds of life events and is prepared
by Yang Desen et al, 28 items relate to marriage
and family (Yang, 1990). This indicates that family and marriage are major stress factors which produce great effects upon people's mental health. To
modern people who normally work outside, family
could serve as a base camp which may help stabilize
one's mentality psychologically.
Some studies of mental health and marriage
quality had been conducted during the early 1980s
(Dobson, 1987).
These studies have found that
the female shows more mental symptoms in miserable marriages,
and in general, wives are more

likely to be affected by marriage changes than husbands, thus mental problems are more likely to occur among wives (Moffit,
1986).
In the 1990s
some investigations and analyses had been conducted by Liu Peiyi and others among 118 intellectual
couples. Results showed that mental health only
correlated to the self-rated marriage happiness, and
it did not correlate to the marriage happiness appraised by others. As to the effects of the couple's
marriage quality upon the mental health of their
offspring, most efforts, in terms of the age of their
offspring, have been made on the study of effects
upon infants and school-aged children. Yu Guoliang
and others have discovered that marriage relationship is quite positively correlated to parenthood
(Yu, 2003).
In terms of influence ways of marriage, studies have been concentrated on the effects
of divorce upon the offspring's
mentality and personality (Li, 1999). After all, divorced couples are
of minority in China. The majority of couples have
their marriage kept. What effects does the quality
of their marriage have on the mental health of
themselves and their children? lli such effects still
exist when their children have left home for college
study? These questions will be discussed in this paper.
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Objects and Methods

Measuring tool and questionnaire designing
Symptom Checklist-90 (SCL-90),
the most
popular measuring tool for mental hygiene applied
both at home and abroad, is used to check the objects' mental health level through the total score
and the scores of 10 factors. Meanwhile, principal
subjects concerning marriage quality have been chosen and a questionnaire been designed. The questionnaire includes, among other things, satisfaction
of sexual life self-rated by the couple themselves,
their feelings about the satisfaction and stability of
their marriage. Furthermore,
both the parents and
their children are encouraged to evaluate the satisfaction and stability of the marriage so as to understand its objectivity and reality.
2.2
The selection of samples under study
As many as 280 students majoring respectively
in liberal arts, science, engineering and medical
science were randomly selected at a comprehensive
university, and an investigation was conducted by
questionnaire
among them about their mental
health. In accordance with their registered home
addresses,
a sealed questionnaire
about adults'
marriage affairs and SCL-90 were mailed to the
student~' parents. Each student's
response to the
investigation was put as a set together with the returned questionnaire from the parents (510 copies
altogether, making 255 pairs). 255 copies of valid
answers from students were obtained, thus we got
255 sets (255 X 3 = 765).
2.3
General conditions of samples under study
2.3.1
Gender of college students: 104 male, accounting for 40.78%;
151 female, making up
59. 22 % .
2. 3. 2 Age of parents: The average age of sampled
parents is 46. 70 i: 6. 73, among which the average
age of father is 47. 15 i: 6. 55 and that of mother is
46. 34 i: 6. 17.
2. 3. 3 Life background of samples investigated:
Parents of 113 students come from the countryside,
accounting for 44. 3 %; 52 couples are from county
seats, accounting for 20.4%;
56 couples are from
medium- and small-sized cities, accounting for
22. 0 %; and 34 couples are from provincial capital
cities or municipalities directly under the central
government, accounting for 13.3 %. The life background of the students was the same as that of their
parents before they came to the university.
2.3.4
Education background of parents: 25 persons are illiterate, accounting for 4.9%; 70 people
have received primary education,
accounting for
13.87%;
135 persons have graduated from junior

middle schools, making up 26.5%;
134 persons
have finished senior middle school, accounting for
26.3%; 47 people are two-year-college graduates,
9.2% ; 61 persons are three-year-college graduates,
12 % ;36 persons have got bachelor degrees, 7 . 1 % ;
2 persons have respectively held a master degree
and a doctorate degree, accounting for O. 39 % ;
with 510 persons in all.
Statistic analysis has been conducted to those
returned questionnaires by way of SPSS 10.1.
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Results

By marriage quality we mean here the one respectively evaluated by father, mother and the offspring. Results show that there is no significant
difference between the evaluation made by parents
and that by the offspring, which indicates the index is true.
The marriage quality self-rated by both the father and mother may exert influence not only on
their own psychological symptoms,
but also on
those of their spouse and offspring. Therefore, correlated analyses have been made not only of the
self-rated marriage quality, their own factors in
SCL-90 and the total score, but also of the self-rated marriage quality, the factors of the their spouse
and offspring in SCL-90 and the total score. Marriage quality also includes the evaluated quality of
marriage during the early stage of married life and
the marrige quality rated at the time of questionnaIre.
3. 1 Analyses of the correlation of parents' marriage quality with their psychological symptom level
3.1.1
Analysis of the correlation of the father's
psychological symptom level with the marriage
quality evaluated by the father: From the statistic
results we can see that the earlier stage of marriage
satisfaction rated by the father bears significantly
and highly significantly negative correlation with
most of his own factors in SCL-90 (except the marriage satisfaction and factors 3 and 6, marriage stability and factor 10, sexual life and factors 3,5,6,
and 10). The marriage satisfaction evaluated by father at present shows significantly and highly significantly negative correlation with his own factors
4, 7, 8 and 9 and the total score in SCL-90. The
marriage stability and sexual satisfaction self-rated
by the father bear significantly and highly significantly negative correlation with the total score and
all factors except factors 6 and 10.
3. 1. 2 Analysis of the correlation of the marriage
quality evaluated by the father with the mother's
psychological symptom level: Generally speaking,
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marriage quality evaluated by the father bears high
correlation with the wife's factors in SCL-90. A-
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part from the fact that there exists no significant
correlation between the marriage quality at the early stage of married life and factor 1 in SCL-90, between sexual satisfaction at the early stage of married life and factor 10 in SCL-90, and between the
marriage satisfaction at present and factor 2 in
SCL-90, the rest factors in SCL-90 and the total
score bear significantly or highly significantly nega- .
tive correlation with the marriage quality both at
the early stage of married life and at present, indicating that the marriage quality evaluated by the father exerts greater psychological influence upon the
wife than upon himself.
3. 1.3
Analysis of the correlation of the marriage
quality evaluated by the mother with her own psychological symptom level: The marriage quality evaluated by the mother is correlated with only a few
of her own factors in SCL-90. For instance, her
marriage satisfaction at the early stage of married
life bears highly significantly negative correlation
with only factors 4 and 6 in SCL-90; her sexual
satisfaction at the early stage of married life has significantly or highly significantly negative correlation with factors 3, 4, 6 and 7 in SCL-90. The
marriage stability possesses no significant correlation with every factor in SCL-90. But the mother's
marriage satisfaction at present shows significantly
negative or highly significantly negative correlation
with factors 2, 4 and 6 in SCL-90; the marriage
stability has significantly negative or highly significantly negative correlation with factors 1, 2, 4, 6,

8 and 9 in SCL-90j whereas the sexual satisfaction
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their adult offspring in SCL-90: From Table 1 we
can see that the marriage quality at the early stage
evaluated by father has significantly negative or
highly significantly negative correlation with the
total score and most of their offspring's
factors in
SCL-90 (except that marriage satisfaction does not
correlate to factors 5, 8 and 10, nor does marriage
stability correlate to factors 7, 8 and 10, nor sexual
life to factors 6, 8 and 10). However, the present
marriage satisfaction bears significantly negative or
highly significantly negative correlation with only
factor 10 and the total score; the present marriage
stability shows significantly negative or highly significantly negative correlation with nine factors in.
SCL-90 (except for factor 10 and the total score);
the present sexual life also bears significantly negative or highly significantly negative correlation with
the total score and most factors (except for factors
1, 3 and 6) .
3.2. 2 Analysis of the correlation of the marriage
quality evaluated by mother with every factor of the
offspring in SCL-90:
Comparatively
speaking,
marriage quality evaluated by mother correlates
with fewer number of factors and total score in
SCL-90 than that of father, but her correlation
shows higher degree in significance than that of father's.
The marriage satisfaction and stability at
the early stage of married life evaluated by mother
have significantly negative or highly significantly
negative correlation with the total score and most of
her offspring's factors in SCL-90 (except that her
marriage satisfaction does not correlate with her
offspring's factors 4, 6 and 9; nor does her marriage stability correlate to her offspring's
factors 8
and 10). Whereas her sexual life shows significantly negative or highly significantly negative correlation with only the total score and factors 4 and 5.
Her marriage satisfaction at present, just like that
of father's,
bears highly significantly negative correlation with only factor 10 and the total score.
Mother's
marriage stability at present has significantly negative or highly significantly negative correlation with all factors in SCL-90 except for factors
2, 7, 10 and the total score. The sexual life at present evaluated by mother only possesses significantly negative or highly significantly negative correlation with factors 5, 8, 9 and the total score.

bears significantly negative or highly significantly
negative correlation with the total score and all factors except factor 7.
3. 1. 4 Analysis of the correlation of the marriage
quality evaluated by the mother with the father's
psychological symptom level: The marriage satisfaction and stability at the early stage of married
life evaluated by the mother bear no significant correlation with any of father's
factors in SCL-90.
But sexual satisfaction has significantly negative or
highly significantly negative correlation with factors
6 and 10. Only factor 2 bears significantly negative
or highly significantly negative correlation with
mother's
present marriage satisfaction,
stability
and sexual satisfaction.

4

3.2
Analysis of the correlation of parents' marriage quality with the psychological symptom level
of their adult offspring
3.2. 1 Analysis of the correlation of the marriage
quality evaluated by the father with every factor of

Marriage change is the most
life event of people. It will surely
fects upon the mental health of
cerned and their offspring. Some
clusions have been reached in this

Conclusion
~
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Table 1.
2

SCL-90

The correlation of the couple's factors in SCL-90 with their marriage quality
3
4
5
6
7
8
9

Total Score

10

I

Correlation of marriage quality evaluated by father with his factors in SCL-90:
A

-.196**

-.161*

B

- .165 *

e

- .124 *

D

- .117'

E

-.180"

F

- .239*

- .191'*
- .148 *
- .115 *
-.158*

"

-.283

***

-.065

-.241**'

-.132*

- .105

- .161 *

- .248 **,

- .186 *,

- .116

- .205 * *

- .193 **

- .073

- .044

- . 188 * *

- .079

- .156 *

- .104

- . 189 **

-.178'*

-.200**

- .168 *

- .225 * * *

- .154 *
-.200**

- . 108
-.192**

- .119

** * -.210

-.230***

-.245***

- . 109

- .148'

- .150 *

- .240 **,

-.252

D

-.018

-.115*

-.125*

-.261**'

E

- .077

- .158 *

** ,

-.151*

** * -.223

-.171**

* **

-.171**

- .181 **

-.282

** * -.239

** * -.234

-.207

-.311

* * * -.251

* * * -.346'**

*"

-.172**
- .158*

- .126*
-.217

- .164 *

* * * -.245

***

-.112*
- .140*

- .228* *

-.117*

- .121 *

- .052

- . 124 *

- .159*

- . 139 *

- .065

- .129*

- .186 * *

-.198**

- . 138 *

-.180**

)

- . 155 *

- .116

-.211

- .148'

* **

- .194 *

- .250 * * * -.269

***

- .140*

- .221 * *,

***

- .123'

-.219***

- .128'

-.229

-.

- . 138 *

- . 178 * *

- .140*

- . 223 * * * -. 229 * * *

- . 163'

- .273 * * * -.239

-.275

*

-.061

B

. 024

e

- .093

D

-

.084

-

-.075

-.053

- . 035

- . 095

- .106

.426 * * *

.152*

-

-.204**

-.076

- . 125

. 109

- . 192**
- .278 * '*

-.145*'

- .089
-

- . 066

.124 *

-

.163 *

- .077

- . 135*

E

-.141'*

-.212**

-.128*

-.230***

-.130

-.131*

- .215 * ,

* * * -.374

" " *

F

-.178**

-.266**

-.137*

-.331*'*

-.186**

-.258"*

Correlation of marriage quality evaluatedby mother with father's factors in SCL-90:
A-.039
- .075
- .005
- . 125*
- .028
- .032
B

- .068

- .042

- .120*

- .037

- .086

- . 144 *

- .010

- .066

- .047

- .077

- .087

- .433 * * *

- .026

- .007

.110

- . 127 *

- .006

- .121

- .085

- .123

- .097

- .097

- .110

.032
- .109*

- . 180 *
- .224*

*

-.171**

* * -.216

***

-.

185 * *

.001

- .067

- .023

- .096

.006

- .104
- .034

- .023

- .096

- .021

- .067

- .081

- .023

- .106

- .025

- .032

- .021

- .416' **

.006

.000

- .027

- .156*

.033

- . 152*

.063

- .021

. 052

- .007

.092

- .014

.006

.028

E

- .092

- .212**

- .061

- .117*

- .068

- .114 *

- .021

- .063

- . 123 *

F

-.080

-.215**

.040

-.045

.022

.023

.065

- .006

- .073

- .151 * *

- .082

- .286"

- .065

- .169 * *

- .061

- .212"

- .079

- .097

-.045

- . 183 "

- .142'
-.163**

e

-.113'

D

-.164**
- .164 * *

-.110*

- .099

E

-.184**

F

- .104

- .095
- .127*
- .146* *

- .108

- .139*

- .141 *

- .126 *

- .115*

- . 151* *

- .162 *

- .131 *

- .103

- .078

- .041

- .089

- .082

- .159*

- .146' *

- .136*

-.131*

- .130*

- .078

- .170*

- .091

-.160**

*

j
~

-

1J

.006

.061

.125*

-

.022

J

- .077

-.

JO9

-.196**
- .085
- .112'

-.117*

- . 135 *

-.113*

-.202'**

-.094

-.090

-.218**

-.117*
- . 224 * *

- .034

-.182'

.055

-.185**
- .124 *

.087
-230*

*

-.125*

-.149*

-.160**

-.193**

-.199'*

-.078

- .053
*

- .161 *,

-.105

-.096

-.152**

-.130'

-.223'**

-.164**

-.227***
- .035

- .039

.007

- .115 *

- .405 * **

- .009

- .038

- .028

- .033

- .044

- .294' *

D

- .039

- .075

.009

- .069

.001

.004

- .006

- .052

- .063

- . 178**

- . 185*,

-.157*'

-.083

-.196'*

--.072

-.102

-.066

'Notice:The
Interpersonal

numbers

1 to 10 and letters

sensitivity;

4: Depression;

-.123*
-.112

-.111

-.177'*

-.121*

-.075

A to F respectively
5: Anxiety;

stand

6: Hostility;

-.099

-.125*

-.101

-.140'

for as follows: 1: Somatization;
7: Photic

anxiety;

8: Paranoid

-.126'
-.202**

.038

-.114*

B

F

;I
I
J
I
~

-.156**

e
E

-.180'*

}
~

- .189**

Correlation of marriage quality evaluated by mother with offspring's factors in SCL-90:
A

J

factors in SeL-90:

- .182 * *

-.133*

I

"
I

r
- .057

e

B

I

*" "

- .073

D

A

-.244

- .067

- .035

Correlation of marriage quality evaluated by father with offspring's

J
J
J

-.171*

- .157*

Correlation of marriage quality evaluated by mother with her own factors in SCL-90:
A

~

-.258***

- .161 *

* * * -.254

*,

- .239 * * *

- .118

-.185**

- . 187 *,

180 * *

J

**

- . 250* * "

factors in SCL-90:

- .261 ** * -.250

-.066

***

-.113

- .152 *

e

- .224 * * * -.283

-.191**

- .077

B

F

-.191'*

-.106

- .160 *

Correlation of marriage quality evaluated by father with mother's
A

I

)

Marriage Quality

-.178**

.031
-.084

-.094

3:

9: Psychoticism;

Others.
A: Marriage satisfaction at the early stage of married life; B: Marriage stability at the early stage of married
Sexual life at the early stage of married life; D: The present marriage satisfaction;
E: The present marriage stability;
present sexual life.

I

-.148*

2:0bsessive-Compulsive;
ideation;

~

10:

life; C:
F: The

*i
j
L

Firstly, couple's subjective feeling about their
own marriage,
which sensitively indicates their
marital changes, may serve as an index of marriage
quality. There is no significant difference between
the assessment made by the couple and that made
by their offspring, which shows that such an index
is subjective, true and objective as well.

Secondly, the psychological symptom level of a
couple (i. e., most factors and the total score in
SCL-90) respectively bears significantly negative or
highly significantly negative correlation with the
self-rated marriage quality (consisting of marriage
satisfaction, stability and sexual satisfaction).
This
indicates that the subjective feelings of a couple
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about their marriage may affect their own psychological symptom level, especially their depressive
feeling and hostility. It is significant to notice that
the sexual satisfaction respectively felt by husband
and wife has significantly negative or highly significantly negative
correlation
with psychological
symptom (most factors and the total score in SCL90). This shows that sexual satisfaction is indeed a
major factor which affects psychological symptom
level (Locke, 1959). Great attention should be attached to this point in psychological consultation.
Thirdly, according to the study made by Liu
Peiyi et aI, mental health is only related to self-rated marriage happiness(Liu,
1991). In this study,
we have found that the father's
psychological
symptom level is related to the self-rated marriage
quality, but has no relation 'with the marriage quality evaluated by the mother, which agrees to the
results of Liu Peiyi' s study. However, we have
discovered that mother's
psychological symptom
level is significantly related to the marriage quality
evaluated by father (it bears significantly negative
or highly significantly negative correlation with almost every factor in SCL-90 and the total score).
Such result indicates that father is not sensitive to

\
~

~.

~

I
~

l

J
~
l.

l
I

mother's
mental feelings about the marriage, but
mother is quite sensitive to father's mental feelings
about the marriage. This, on one hand, is perhaps
because the male is, comparatively speaking, not
very sensitive; on the other hand, the male is likely
to get some compensation from other aspects. The
above discoveries have provided theoretic foundation for psychological consultation about marriage
and sensitivity training of couples.
Fourthly, parents' marriage quality will exert
some influence upon the mental health level of their
offspring who have left home for college. Overall,
effects of parents' marriage quality on the mental
health level of the offspring is not so great as on
that of parents themselves,
but they are greater
than the mother's
on the father. This indicates
that the children, though left home already, are
still very sensitive to marital changes of their parents. Further analyses show that parent's marriage
satisfaction and stability at the early stage will
bring about greater influence upon their children's
mentality than their marriage quality at present;
the psychological influence of parents'
marriage
stability upon the children is much greater than
that of marriage satisfaction and sexual satisfaction,
the marriage stability evaluated by mother in particular. This proves that family life experiences in

one's childhood still have influences on people after
they have grown up, and that maintenance of marriage provides protection for offspring's
mental
health.
Besides,
marriage
quality of parents,
judged from relative factors in SCL-90, will exert
comprehensive influence upon psychological symptoms of the offspring.
Further efforts should be made to study the
mechanism so as to understand better how marriage
quality influences the mental health of couple themselves and their children.
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