
Acta Medica Bulgarica, 2026, 53 (2) 1

ORIGINAL  ARTICLE

IMMUNE DYSREGULATION IN PREECLAMPSIA: 
 

AND THEIR ASSOCIATION WITH CLINICAL,  
LABORATORY, AND PERINATAL OUTCOMES

P. Ashalatha , R. Muthulakshmi , S. Tokali3,4, P. Yatham , A. K. Choudhary6, P. Periasamy6

 
 

 
 

 
 

Abstract. Background: Preeclampsia (PE) is a multifactorial hypertensive disorder of 
-

early-onset (EOPE) and late-onset preeclampsia (LOPE) compared with normotensive 
pregnancies, and examined their correlation with clinical, laboratory, and perinatal out-
comes. Materials and methods: -

and laboratory parameters were recorded. Quantitative real-time PCR was used to 

analyses included ANOVA with post-hoc testing, Pearson’s correlation, and regression 
modeling. Results: -

-

negatively correlated with these parameters. Composite analysis integrating molecular 
and clinical data reinforced the stronger immune dysregulation in EOPE compared with 
LOPE. Conclusion: -

and therapeutic target in preeclampsia.
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INTRODUCTION

Phypertensive disorder that remains a major 
contributor to maternal and perinatal morbid-

-

gestation, accompanied by proteinuria and, in some 
-

neys, or the hematological system. Despite decades 
-

abnormal maternal immune responses, endothelial 

-
nal immune system plays a decisive role in determin-
ing pregnancy success. During healthy gestation, a 

-
dothelial injury. Among the numerous immune media-

-

by activated macrophages, T cells, and placental 
trophoblasts, has been shown to disrupt endothelial 

are consistently associated with impaired placen-

adverse maternal outcomes. In contrast, IL-10, an 
-
-

des and 
downregulating antigen presentation. Reduced IL-10 

-

IL-10, rather than their absolute levels, may better 
represent the immunological imbalance driving pre-

severe maternal and neonatal complications, appears 

phenotype compared with late-onset preeclampsia 
-
-

-

-

and normotensive controls. By correlating molecular 

-
-

-

MATERIALS AND METHODS

Study design and setting

This was a hospital-based case-control study con-
-

-
tween January 2023 and December 2024. The study 
was des
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-

participants prior to enrolment.

Study population and sample size

-

-

criteria included multiple pregnancies, chronic hyper-
tension, renal disease, autoimmune disorders, gesta-

Clinical and laboratory assessments

Demographic details, obstetric history, and relevant 
maternal characteristics were recorded at recruit-
ment. Clinical parameters included age, parity, ges-
tational age at diagnosis and delivery, systolic and 

Laboratory investigations comprised complete blood 

-

a 24-hour urinary protein estimation. All assays were 
-

Sample collection and RNA isolation

coated tubes. Plasma was separated within two hours 
-
-
-

and concentration was measured using a NanoDrop 

cDNA synthesis and quantitative real-time PCR

-

Quantitative real-time polymerase chain reaction 
-

Real-Time PCR system. Primers were DESigned us-
-

Each sample was run in triplicate, and no-template 
-

-

Data normalization and expression analysis

-
-

Neonatal outcomes including birth weight, Apgar 

-
tality were recorded. These outcomes were correlated 
with maternal clinical and molecular parameters to as-

Table 1. 

Gene Primer Type Color Code

AGCCCATGTTGTAGCAAACC  Red

TGAGGTACAGGCCCTCTGAT  Red

IL-10 GACTTTAAGGGTTACCTGGGTTG  Green

TCACATGCGCCTTGATGTCTG  Green

GAAGGTGAAGGTCGGAGTCA

GAAGATGGTGATGGGATTTC
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variables were presented as counts and percentages. 

-

laboratory, and perinatal parameters was assessed us-

RESULTS

Baseline maternal, clinical, and perinatal 
characteristics

in Table 2. Maternal age and parity were comparable 

-
-

-

including birth weight, placental weight, and neonatal 

earlier and delivered at a lower gestational age than 

severe hypertension, heavier proteinuria, and worse 
-

gestation with intermediate severity, while controls 

-
cant laboratory derangements compared with nor-
motensive controls. Hematological changes includ-

Table 2.

Parameter p-value

–
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-

notably abnormal, with higher serum creatinine, urea, 
-
-

-

by higher total cholesterol, triglyceriDES, LDL, and 

relative to controls. Furthermore, serum albumin was 
-

tion. Coagulation abnormalities were also noted, 

preeclampsia is a multi-organ disorder with systemic 
hematological, renal, hepatic, metabolic, and coagu-
lation involvement. The derangements were more 
severe in early-onset preeclampsia, supporting its 

-

-
-
-

-

-

-
-
-

nounced in early-onset disease, supporting its role 

Correlation analysis of cytokine expression with 
clinical, laboratory, and perinatal parameters

-

-

Table 3. Laboratory and biochemical parameters across study groups

Parameter p-value

des

Statistical test:
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laboratory, and perinatal parameters. Each bar is an-
notated with its respective r-value.

same correlations, where warmer colors indicate 
stronger positive associations and cooler colors indi-
cate stronger negative associations.

-
tively correlated with systolic/diastolic BP, proteinuria, 

perinatal mortality, while being negatively correlated with 
gestational age and birth weight. In contrast, IL-10 dis-

-

-

DISCUSSION

maternal and perinatal morbidity worldwide, and its 

pathophysiology is increasingly understood as a mal-

des novel evi-
-
-

10, whereas the ones with late-onset preeclampsia 
-

cant imbalance compared with normotensive preg-
-

ited the strongest correlations with blood pressure, 

and perinatal outcomes, suggesting that ratio-based 
readouts may better capture disease activity than 

-
-

Table 4. 

Gene Global p-value

IL-10

Fig. 1. -

-
-

pression. Statistical sig-

**p < 0.01, ***p < 0.001
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Table 5. 

Parameter

-
-

Fig. 2. 
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-

preeclamptic women compared to controls. Similarly, 
-

ing IL-10 levels are consistently reduced at the time 
-

matory signature that we corroborate in our South 
-

and perinatal variables in the same study population, 

is also supported by Borges et al., who showed stron-

preeclampsia. Together, these studies indicate that 

maternal cardiovascular and metabolic comorbidities. 

DES 

original research is provided in Table 6, which under-

-

-

-

-
peutic target, though caution is warranted when consid-

-

-
-

tions and perinatal outcomes. Second, we demonstrate 

-

aligns with routine biochemical indices – such as creati-

are already employed in clinical practice, bridging the 

These insights also raise translational consider-

-

-
-

validate whether the ratio has predictive value across 
diverse populations and whether it adds incremental 

CONCLUSION

-
eclampsia as an immune-driven disorder, underscores 

-

Table 6. 

Study Design and Population Distinctive Contribution

controls controls association

-
sessed elevation

patterns

IL-10 decrease predictive Demonstrated predictive potential

controls

-
est in controls

-
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-
-

perinatal endpoints, this study not only corroborates 
prior observations, but also provides a more integrated 

preeclampsia. Future longitudinal and interventional re-
search is needed to determine whether modulating this 
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