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Background & objectives: Preterm birth (PTB) is an important cause of prenatal death, neonatal 
morbidity and mortality and adult illness. Increased inflammation occurs in normal parturition, and 
inflammatory cytokines and oxidative stress are found to be higher in PTB cases. The present study was 
planned to investigate the association of organochlorine pesticides (OCPs) with mRNA expression of 
inflammatory pathway genes such as tumour necrosis factor-alpha (TNF-α) and cyclooxygenase-2 (COX-
2) in preterm delivery (PTD) cases. 
Methods: Maternal blood samples of PTD (n=30) cases and equal number of term delivery (n=30) were 
collected at the time of labour. Women occupationally exposed to OCPs and other high risk factors such 
as anaemia, hypertension, bacterial vaginosis, renal and heart disease, diabetes, etc. were excluded. The 
OCP levels were estimated by gas chromatography, and mRNA expressions of TNF-α and COX-2 genes 
were analysed using real-time PCR (qPCR). 
Results: Significantly higher levels of β-HCH (beta-hexachlorocyclohexane, 95% CI=2.08-4.633, P=0.001), 
p’p’-DDE (para, para-dichlorodiphenyldichloroethylene, 95% CI=0.546-2.551, P=0.003), and o’p’-DDD 
(ortho, para-dichlorodiphenyldichloroethane, 95% CI=0.004-0.690, P=0.047) were observed in maternal 
blood of PTB cases as compared to term delivery. The mRNA expressions of COX-2 and TNF-α genes 
were 3.13 and 2.31 folds higher in PTB cases in comparison to term delivery. Linear positive correlations 
were observed between period of gestation (POG) and ΔCt of COX-2 and TNF-α genes. 
Interpretation & conclusions: Environmental factors such as OCPs may be associated with inflammatory 
events showing gene-environment interaction in PTB cases. Evaluating the molecular control of 
inflammation along with gene environment interaction may be used as a model to explore the aetiology 
of idiopathic PTB cases and may be considered for the prognosis of adverse reproductive outcomes.
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 Globally, 15 million neonates (11% of the 
total births) are born preterm every year1. Preterm 
infants face lifelong morbidity with increased risk of 
respiratory disease2, intellectual disability, cerebral 
palsy3,4 and vision impairment5. With a high risk of 
acquiring infection, preterm birth (PTB) is one of 
the major contributors to infant mortality. There are 
various known factors such as hormonal imbalance, 
oxidative stress, genetic disposition, gene environment 
interaction, low socio-economic status, etc. which may 
lead to PTB6. 

 Organochlorine pesticides (OCPs) are widely 
used in India under public health and agricultural 
programmes7. OCPs are xenoestrogenic in nature, 
slow in degradation and highly lipophilic. These 
pesticides tend to bio-accumulate in lipid-rich tissues 
because of their strong lipophilic nature and slow 
biodegradability8. Earlier studies, including those from 
our laboratory, have reported that OCPs may increase 
the risk of PTB7,9,10. Further, we have also reported 
that polymorphisms in xenobiotic metabolizing genes 
along with more than 50th percentile of OCPs (≥ median 
value) may lead to a significant decrease in the period 
of gestation (POG)10. 

 An exaggerated inflammatory response is an 
emerging mechanism in conditions such as spontaneous 
abortion, PTB, preterm premature rupture of the 
membranes (PPROM), preeclampsia, and other “great 
obstetrical syndromes”11. Increased inflammation 
occurs in normal parturition, and inflammatory 
cytokines are comparatively higher in women who 
deliver preterm12. Tumour necrosis factor-alpha 
(TNF-α) is a pleiotropic cytokine that plays an important 
role in pregnancy as well as in the pathophysiology of 
inflammatory conditions. TNF-α is one of the several 
cytokines, which bears a potent regulatory effect on 
early preimplantation, development and pregnancy13. 
Blastocyst implantation, vascular permeability of the 
endometrium, and uterine deciduation are affected 
by cyclooxygenase (COX) gene expression, which is 
controlled by TNF-α14. The onset of labour, whether 
at term or preterm, involves upregulation of numerous 
inflammatory mediators like cytokines, prostaglandins 
(PGs), etc. TNF-α contributes to the process of 
parturition by stimulating uterine contractions in 
conjugation with other inflammatory cytokines, 
while the COX-2 enzyme acts as a link between 
inflammation and PTB through its involvement in the 
synthesis of prostaglandins15. High levels of TNF-α 
have been implicated in pregnancy complications such 

as infection and foetal growth retardation along with 
early and unexplained spontaneous abortions16,17.

 This study was undertaken to investigate the 
association of OCPs with mRNA expression of TNF-α 
gene, and gene-gene interaction between TNF-α and 
COX-2 genes in women who delivered preterm.

Material & Methods

Subjects: In this age-matched, case-control study, 
blood samples from 30 women who had below 37 
wk of gestation as cases and equal number of women 
having a gestation period of 37 wk or beyond as 
controls were collected at the time of spontaneous 
labour. The study was conducted in the departments 
of Obstetrics and Gynecology, and Biochemistry, 
Guru Teg Bahadur (GTB) Hospital associated with 
University College of Medical Sciences (UCMS), 
Delhi, India, from July 2012 to June 2013. All women 
went into labour spontaneously with intact membrane. 
A lifestyle survey of the study subjects was done to 
collect general demographic information to define the 
inclusion/exclusion criteria. Socio-economic status 
of cases and controls was decided by Kuppuswamy’s 
scale18. Women with anaemia, hypertension, toxaemia 
of pregnancy, renal disease, heart disease, diabetes, 
urinary tract infections, bacterial vaginosis, metabolic 
disorders, tuberculosis, smoking, alcohol consumption 
or chronic drug intake and having complications 
during pregnancy and/or labour were excluded from 
the study. None of the women were occupationally 
and/or environmentally exposed to the agricultural 
pollutants. A written informed consent was taken from 
all the study participants. This study was approved by 
the institutional ethics committee for human research, 
UCMS and GTB hospital (University of Delhi), Delhi. 

 Two thousand two hundred fifty two (n=2252) 
women were screened during the study period from 
labour wards of the hospital over a period of one 
year. Of these, 1,832 delivered at term and 420 had 
preterm delivery. Among the 420 preterm deliveries, 
35 women were included in the study as cases (sample 
of convenience). Of these, five samples were excluded: 
two during standardization procedure for RNA 
isolation and three due to transport delay. Forty five 
women with term delivery were included as controls 
initially, however, 15 samples were excluded: nine 
during standardization procedure for RNA isolation 
and six due to transport delay.



Sample collection and storage: Maternal blood (2 
ml) was collected in EDTA containing vials at the 
time of spontaneous labour in Central Labour Room. 
A volume of 250 µl of whole blood sample was fixed 
in TRIzol LS (Ambion, USA) reagent and stored at 
-80°C and was processed within two to three days for 
RNA isolation. One ml blood was stored at 4oC for the 
pesticides residue analysis.

RNA isolation and complementary DNA (cDNA) 
synthesis: Total RNA was isolated from whole blood 
using TRIzol LS reagent19. Isolated total RNA was 
quantified using Nano drop (Thermo Fisher, USA) by 
measuring optical density value at 260/280 nm and 
concentration in ng/µl. Quality of isolated RNA was 
checked on denatured gel electrophoresis. Total RNA 
(1000 ng) was converted into first strand cDNA using 
maxima first strand cDNA synthesis kit (Fermentas, 
USA) according to manufacturer’s protocol. For 
cDNA synthesis, RNA was first incubated for 10 min 
at 25°C followed by 15 min at 50°C; the reaction was 
terminated by heating at 85°C for five min. This cDNA 
was diluted four times in nuclease-free water and was 
used directly in qPCR or was stored at -800C for longer 
storage. 

Gene expression study: A qPCR experiment was 
conducted to measure expression of inflammatory genes 
that were differentially expressed in blood samples of 
women who delivered at preterm and term. The qPCR 
reactions were performed on CFX ConnectTM Real-
Time PCR Detection System (BioRad, USA). Briefly, 
the PCR amplification master mix of 45 µl contained 
6.75 µl of diluted cDNA, 13 µl of evagreen master mix 
(BioRad, USA), 10 pmol of each forward and reverse 
specific primer pairs (Table I)20,21, and nuclease-free 
water, and finally the master mix (20 µl) was dispensed 

into two PCR tubes. Each sample was run in duplicate 
along with no template control wells. Gene expression 
was normalized with reference to glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) gene, and the 
results were calculated using the comparative ΔΔCt 
method manually22, where threshold cycle (Ct) is the 
cycle number at which the fluorescence generated 
within a reaction crosses the fluorescence threshold, a 
fluorescent signal significantly above the background 
fluorescence, ΔCt = Ct(target gene)-Ct(reference gene) 
and ΔΔCt = ΔCt(case)- ΔCt(control).

OCPs extraction and clean up: Extraction of OCPs 
was done using hexane and acetone (2:1 v/v) 
according to the standardized protocol from our 
laboratory10. Clean up of the samples was done by 
column chromatography following US environmental 
protection agency (USEPA) method23. Elutant was 
collected and hexane was evaporated to concentrate 
the sample using rotary evaporator (Shiwaki, India). 
The concentrated residues were dissolved using one 
ml of hexane for further analysis. Ten pesticides 
were estimated namely alpha-hexachlorocyclohexane 
(α-HCH), beta-hexachlorocyclohexane (β-HCH), 
gamma-hexachlorocyclohexane (γ-HCH), aldrin, 
dieldrin, α-endosulfan, β-endosulfan, ortho,para-
dichlorodiphenyltrichloroethane (o’p’-DDT), 
para,para-dichlorodiphenyldichloroethylene (p’p’-
DDE), and ortho,para-dichlorodiphenyldichloroethane 
(o’p’-DDD). OCP residue levels were estimated by a 
Perkin Elmer gas chromatography system equipped 
with a 63Ni selective electron capture detector 
(Perkin Elmer, USA). The detection limit was 0.05 
pg for perchloroethylene and 4 pg/ml for each OCP. 
Quantitative analysis of OCP residues in each sample 
was done by comparing the peak areas with those 
obtained from a standard chromatogram of blended 
OCPs of known concentration. Five samples of 
maternal blood in triplicate each were spiked with a 
mixed standard of OCPs, 5 and 25 ng/ml, respectively. 
The average recovery of fortified samples exceeded 95 
per cent. A quality check sample was always run for 
each set of sample for pesticide analysis to maintain 
accuracy.

Statistical analysis: Statistical software SSPS for 
windows (version 16.0, Chicago, IL, USA) was used 
for statistical analysis. Chi-square/Fisher’s exact 
tests was applied to compare all socio-demographic 
characteristics in preterm and term delivery cases 
according to data being quantitative or qualitative, 
respectively. As pesticides and gene expression data 
were not normally distributed, non-parametric Mann-

Table I. Gene-specific primers sequences used for 
amplification in qPCR

Name of 
the gene

Primer sequence Product length
(bp)

COX-2 (F)

                 (R)

5’ TTC AAA TGA GAT TGT 
GGG AAA ATT GCT3’
5’ TCA TCT CTG CCT 
GAG TAT CTT 3’

302

TNF-α (F)

                      (R)

5’ CTT CTC CTT CCT GAT 
CGT GG 3’
5’ GCT GGT TAT CTC TCA 
GCT CCA 3’

266

Source: Refs 20, 21
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Whitney U test was used to compare pesticide levels 
in cases and controls. Correlations were tested by 
Spearman’s rank co-efficient of correlation. OCP levels 
and Ct of TNF-α and COX-2 genes were categorized as 
per the median values of control groups; <50 indicates 
value less than 50th percentile (median) and > 50 
indicates value greater than 50th percentile (median). 
Binary logistic regression analysis was applied to 
analyze the odds ratio. Multivariable logistic regression 
was applied taking POG<37 wk (case=1) and POG>37 
wk (control=0) and independent variables namely OCPs 
and TNF-α using backward elimination likelihood ratio 
method24; P<0.05 was used to enter the variable while 
P>0.10 was used to remove the variable from the model. 
Since, we analyzed DDT and its metabolites i.e. p’p’-
DDE and o’p’-DDD separately, three different models 

were applied: model 1 for DDT along with other OCPs 
and TNF-α; model 2 for p’p’-DDE along with other 
OCPs and TNF-α; and model 3 for o’p’-DDD along 
with other OCPs and TNF-α. The classification of 
multivariable logistic regression was done considering 
the cut-off probability as 0.5 and percentage of correctly 
classified was determined. Nagelkerke R square was 
calculated for percentage of variable expanded by the 
variables in the models. Spearman’s correlation was 
applied to find out the correlation between ΔCt of TNF-α 
and COX-2 genes using Bootstrap method (SPSS, ver. 
21.0, Chicago, IL, USA). 

Results

 The demographic characteristics such as residential 
area, source of drinking water, socio-economic status 

Table II. Demographic characteristics of women with preterm delivery (cases) and term delivery (controls)

Characteristics Control (n=30) 
mean ± SD

Cases (n=30) 
mean ± SD

Maternal age (yr) 24.33 ± 2.92 23.6 ± 2.59

Gestational age (wk) 38.82 ± 1.03 34.8 ± 1.68***

Infant weight (kg) 2.74 ± 0.216 2.19 ± 0.19***

Religion Controls
N (%)

Cases
N (%)

Hinduism 24 (80) 26 (86.66)

Islam 6 (20) 4 ( 13.33)

Christianity 0 0

Drinking water sources

Goverment sources 28 (93.33) 25 (83.33)

Private source 2 (6.66) 5 (16.66)

Residential area

Urban 28 (93.33) 24 ( 80)

Rural 2 (6.66) 6 (20)

Food habit

Vegetarian 22 (73.33) 26 (86.66)

Non vegetarian 8 (26.66) 4 ( 13.33)

Socio-economic status

Class I (Upper) 0 0

Class III (Middle) 12 (40) 11 (36.66)

Class V (Lower) 18 (60) 19 (63.33)
***P<0.001 compared to control group
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Table III. Blood levels of organochlorine pesticides (OCPs in ng/ml) in women with preterm (cases) and term delivery (controls)

OCP Control (n=30) Cases (n=30)

Alpha-hexachlorocyclohexane (α-HCH) 3.29 ± 2.05 3.53 ± 2.15

Beta-hexachlorocyclohexane (β-HCH) 3.06 ± 2.05 6.42 ± 2.158***

Gamma-hexachlorocyclohexane  (γ-HCH) 0.768 ± 2.746 1.27 ± 1.874

Aldrin 1.775 ± 1.689 1.75 ± 1.462

Dieldrin 1.30 ± 1.119 1.67 ± 1.587

α-Endosulfan 1.625 ± 1.870 1.17 ± 1.234

β-Endosulfan 1.408 ± 1.816 1.75 ± 2.529

Ortho, para-dichlorodiphenyltrichloroethane (o’p’-DDT) 0.672 ± 1.065 0.902 ± 1.055

Para, para-dichlorodiphenyldichloroethylene (p’p’-DDE) 2.288 ± 1.696 3.83 ± 2.155**

Ortho, para-dichlorodiphenyldichloroethane o’p’-DDD 0.0376 ± 0.202 0.384 ± 0.915*

Values are expressed as mean ± SD. P *<0.05, **<0.01, ***<0.001 compared to control group

and dietary habits were not significantly different in 
cases as compared to controls. However, cases were 
significantly (P<0.001) associated with the lower level 
of infant weight (Table II). Significantly higher levels 
of β-HCH (95% CI=2.08-4.63, P=0.001), p’p’-DDE 
(95% CI=0.546-2.55, P=0.003), and o’p’-DDD (95% 
CI=0.004-0.690, P=0.047) were observed in cases 
as compared to controls (Table III). The other OCPs 
levels, although higher but were not significantly 
different. 

 Multivariable logistic regression model of 
association between OCPs and ΔCt of TNF-α with PTB 
as outcome variable was applied. In model 1, a positive 
significant association was found between β-HCH and 
PTB (95% CI=1.256-2.195, P=0.001) and a significant 
negative association was found between ΔCt of TNF-α 
and PTB (95% CI=0.404-0.959, P=0.032). In model 
2, β-HCH (95% CI=1.216-2.236, P=0.001) and p’p’-
DDE (95% CI=1.051-2.113, P=0.025) were found to 
be significantly associated with PTB. A significant 
negative association was also found between ΔCt of 
TNF-α and PTB (95% CI=0.368-0.920,   P=0.020) 
(Table IV). These models correctly predicted 78 and 
81 per cent of the total subjects in models 1 and 2, 
respectively. Nagelkerke R2 values were 55 and 49 per 
cent of the variance as explained by the predictors in 
models 1 and 2, respectively. In model 3, no significant 
association was found (data not shown). It was found 
that in >50 β-HCH and <50 TNF-α, and >50 DDE and  
< 50TNF-α there was a significant reduction in 

Table IV. Results of multivariable logistic regression to 
assess the effect of concentration of OCPs and ΔCt value of 
TNF-α on women delivering preterm
Pesticides B (SE) OR (95% CI)
Model 1
β-HCH 0.507 (0.142) 1.661 (1.256-2.195)***

TNF-α -0.474 (0.221) 0.622 (0.404-0.959)*

Model 2
β-HCH 0.500 (0.155) 1.649 (1.216-2.236)***

p’p’-DDE 0.399 (0.178) 1.490 (1.051-2.113)*

TNF-α -0.542 (0.234) 0.582 (0.368-0.920)*

B, log odds (regression coefficient); SE, standard error; OR, 
odds ratio and CI-confidence interval. Preterm birth (n=30), 
term birth (n=30). These models correctly predicts 78 and 81 
per cent of the total subjects in models 1 and 2, respectively. 
Also, Nagelkerke R2 is 55 and 49 per cent of the variance are 
explained by the predictors in model 1 and 2, respectively.  
P *<0.05, **<0.01, ***<0.001 compared to control group

POG also (Fig. 1a,b). This indicated that when both 
β-HCH levels and TNF-α gene expression as well as 
DDE levels and TNF-α gene expression were high in 
maternal blood, there was a significant reduction in 
POG. 

 The mRNA expressions of COX-2 and TNF-α 
genes were 3.13 and 2.31 folds higher in PTB cases, 
respectively in comparison to term delivery. Significant 
positive correlations were observed between ΔCt of 
COX2 and TNF-α in PTB cases, term controls and 
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Table V. Correlation between ΔCt of COX-2 and ΔCt of TNF-α in term and preterm delivery
TNF-α ΔCt

(Mean ± SD)
COX-2 ΔCt

(Mean ± SD)
Spearman coefficient (95% CI)

Preterm delivery (n=30) 4.69 ± 1.51 4.50 ± 1.67 0.84 (0.62-0.95)***

Term delivery (n=30) 6.34 ± 1.44 5.72 ± 1.42 0.56 (0.20-0.81)***

Total subjects (n=60) 5.11 ± 1.66 5.52 ± 1.68 0.71 (0.54-0.84)***

Spearman’s correlation was applied to find out the correlation between ΔCt of TNF-α and COX-2 gene using Bootstrap method. Values 
are expressed as mean ± SD. P *<0.05, **<0.01, ***<0.001 compared to term delivery group

Fig. 1(a). Interactive effect of β-HCH and TNF-α on period of 
gestation (POG). 

Fig. 1(b). Interactive effect of DDE and TNF-α on period of 
gestation (POG).
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Fig. 2. Correlation between ΔCt of COX-2 and period of gestation 
(n=30).

Fig. 3. Correlation between ΔCt of TNF-α and period of gestation 
(n=30).
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total subjects (r=0.84, 0.56 and 0.71, respectively) 
(Table V). Linear mild positive correlations were 
observed between POG and ΔCt of COX-2 (r= 0.114) 
and TNF-α (r=0.1) (Figs. 2, 3) indicating that women 
having higher expression of COX-2 and TNF-α genes 
had reduction in POG leading to premature onset of 
labour.

Discussion

 Despite the importance of PTB from a public 
health perspective, the aetiologies of PTB are not well 
understood, and no effective interventions are available. 
The present study was designed to understand the role 
of COX-2 and TNF-α genes expression, and their 
association with OCPs levels to find out possible gene-
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environment interaction in PTB. In the present study, 
the expressions of COX-2 and TNF-α genes were 3.13 
and 2.31 folds higher in PTD cases as compared to term 
delivery group. The high expression of these genes 
may be influenced by various factors such as genetic, 
environmental factors, endogenus environment, 
infection, etc. Pollutants like pesticide, diesel particle 
may increase the expression of inflammatory genes25,26.

 It was observed that elevated maternal blood 
concentrations of β-HCH and p’p’-DDE were 
significantly associated with reduction in POG 
leading to PTB. Also, increased mRNA expression of 
TNF-α was found to be significantly associated with 
PTB. Frigo et al27 have demonstrated that xenobiotic 
exposure stimulates expression of the death ligand, 
TNF-α using qPCR and reporter gene assays. Studies 
have shown that exposure to environmental pollutants 
like o,p’-DDT and p’p’-DDE in in vitro model dose 
dependently increases the levels of COX-2 protein 
and mRNA and thereby increases the production 
of prostaglandins25,28. Infection and inflammation 
pathways have been shown to be associated with a 
majority of PTBs, and especially with those that occur 
earlier in pregnancy29. Increased concentrations of 
inflammatory cytokines in amniotic fluid and cervical 
fluid have been considered as good biomarkers of PTB. 
Specifically, TNF-α, a pro-inflammatory cytokine has 
been found significantly associated with PTB30,31. 

 We observed linear positive correlations between 
ΔCt of COX-2 and TNF-α. It may be possible that 
TNF-α increases the expression of COX-2 gene and 
thus prostaglandin secretion in PTB case. Although, 
COX-2 and TNF-α cannot be identified as direct 
biomarker for pesticide exposure, but these can be 
considered with other inflammatory markers and may 
contribute to the aetiology of PTB. In the present study, 
we observed a significant correlation between β-HCH 
level and reduction in POG. 

 Our study had certain limitations. Firstly, based on 
changes in mRNA level alone it is not possible to claim 
that biologically active TNF-α and prostaglandins are 
available to pursue downstream pathways resulting in 
early labour. Secondly, the sample size was small. 

 In conclusion, the expression of TNF-α and 
COX-2 genes was found to be associated with OCPs 
(β-HCH and p’p’-DDE) in maternal blood. The study 
of gene-environment interaction may be helpful for 
understanding the aetiology of idiopathic PTB. Further 
studies with larger sample size and other inflammatory 

genes as well as other environmental contaminants are 
required to validate the findings of the present study.
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