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Abstract 

HIV-1 and ARV drugs uptake during pregnancy may change placental phenotype during 

pregnancy affecting fetal growth. We investigated the influence of maternal HIV-1 and ARV 

drugs on expression of placental genes important for fetus growth. A total 51 HIV-1 positives 

and 46 HIV-1 negative pregnant women were studied. Placental gene expression changes of 

insulin-like growth factor receptor 1 (IGF-1) R, mammalian target of rapamycin (mTOR), 

protein kinase B (AKT-1), sodium-coupled neutral amino acid transporters (Slc38a1, Slca38a2, 

Slc38a4), inhibin A, adrenomedullin and 11 beta-Hydroxysteroid dehydrogenase type (HSD)-2 

were assessed by RT-qPCR. There was a significant decrease in mRNA expression of placental 

IGF-1R, mTOR, and AKT-1 in HIV-1 positive placentas compared to controls (p < 0.0001). 

There was also significant upregulation of an antiangiogenic molecule, inhibin A and 

downregulation of angiogenic molecule adrenomedullin in HIV-1 positive placenta (all p < 

0.0001). However, the mRNA expression of placental Slc38a1 and Slca38a2 was higher in both 

HIV-1 positive and negative women delivering LBW babies compared to controls (p < 0.0001). 

The placental mRNA expression of 11 β-HSD-2 increased by 17 folds in HIV-1 negative and 

by 3.8 folds in HIV-1 positive women delivering LBW babies. IGF-1-P13-AKT-1-mTOR 

signaling pathway is dysregulated in placenta of HIV-1 positive women on ARV drugs. Higher 

mRNA expression levels of inhibin A and lower levels of adrenomedullin occur in placenta of 

HIV-1 positive women delivering LBW babies. ARV drugs and HIV-1 may be involved in the 

disruption of vascular tone of the placenta and therefore placental perfusion.  

 

Keywords: Pregnant women, HIV-1, ARV drugs, Placental IGF-1-AKT-1-mTOR signaling, 

inhibin A, adrenomedullin, amino acid transporters. 

 

Introduction 

Human immunodeficiency Virus (HIV)-1 

remains to be an important risk factor for poor 

pregnancy outcomes in Eastern and Southern 

Africa where HIV-1 prevalence is at the 

greatest. A range of poor pregnancy outcomes 

have been reported among HIV-1 positive 

pregnant women on antiretroviral therapy. 

These include delivering low birth weight 

(LBW) babies (birth weight < 2,500 g), 

preterm delivery (PTD), fetal growth 

restriction (FGR), maternal death and 

spontaneous infant death (Brocklehurst and 

French 1998, Goldenberg et al. 2006, Chen et 

al. 2012, Ezechi et al. 2013). Low birth 

weight-infants and preterm births are 

https://dx.doi.org/10.4314/tjs.v47i5.16
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increasingly recognized as serious, worldwide 

public health concerns. There is accumulating 

evidence that LBW among infants is the 

leading cause of infant morbidity and 

mortality during the first year of life, 

subsequently linked to adulthood morbidities 

(Barker 2007). According to de Mendonça et 

al. (2020), LBW babies resulting from 

premature and intrauterine growth restricted 

(IUGR) babies are major contributors to the 

growing prevalence of non-communicable 

diseases, impeding achievement of the global 

health millennium development goals. To 

date, the biological mechanisms that lead to 

LBW babies in HIV-1 positive women on 

ARV drugs are not well-known, delaying 

interventional approach to minimize the risks. 

Furthermore, changes in placental gene 

expression as a result of placental exposure to 

HIV-1 and ARV drugs are not well 

established.  

Placenta is the main metabolic, 

respiratory, excretory, and endocrine organ 

for the first 9 months of fetal growth in utero. 

Most of these functions are carried out by the 

syncytiotrophoblast. Syncytiotrophoblast 

expresses transporters, growth factor 

receptors that respond to maternal and fetal 

factors that regulate complex processes of 

fetus growth in utero. At molecular level, 

these growth factors regulate fetal growth 

through growth factor receptors via 

intracellular cascades of signaling molecules 

which are involved in different growth 

pathways. Insulin-like growth factor (IGF-1) 

is one of the important growth factor, which 

facilitate placental angiogenesis, 

vasculogenesis, protein synthesis and 

transport of nutrients to the growing fetus. 

Bioactivities of IGF-1 requires the activation 

of two important signaling pathways 

including phosphatidylinositol 5-bisphosphate 

3-kinase (PI3K)/protein kinase B (AKT-1) 

and Ras-mitogen-activated protein kinase 

(MAP kinase) pathways (Iams and Lovly 

2015).  The mammalian target for rapamycin 

(mTOR) is downstream the PI3K/AKT-1 

(Forbes and Westwood 2010). It is a master 

regulator of growth pathways mediated by 

insulin and insulin-like-growth-factors (IGF)-

1, and vascular endothelia growth factors 

(VEGF) (Roos et al. 2007, Roos et al. 2009). 

Studies show that PI3/AKT-1 is important in 

mediating activities of placental IGF-1 

(Sferruzzi-Perri et al. 2011, Forbes and 

Westwood 2010) including regulating 

placental transporting activities, cell 

proliferation, vascularization and hormone 

synthesis. 

HIV-1 infection during pregnancy and use 

of ARV drugs during pregnancy may change 

the microenvironment at the intervillous 

space of the placenta where most maternal-

fetal and fetal-maternal exchanges occur, 

affecting fetus growth. Using maternal plasma 

collected from intervillous-space, Esemu et 

al. (2019) showed no influence of maternal 

HIV-1 on maternal plasma levels of IGF-1, 

angiopoetins, matrix metalloproteases and 

insulin growth factor binding proteins. 

However, since the trophoblastic cells of the 

placenta are permissive to HIV-1 (Fazely et 

al. 1995, Mognetti et al. 2000, Al-Husaini 

2009), studies on the impact of HIV-1 and 

ARV drugs on expression of placental 

specific genes critical for fetus and placental 

growth are important. We therefore 

investigated changes of placental genes that 

are important for fetal growth particularly the 

placental IGF-1, protein kinase B (AKT-1)-

mTOR, amino acid transporters (Slc38a1, 

Slc38a2 and Slc38a4) as well as selected anti-

angiogenic (inhibin A) and angiogenic 

marker, (adrenomedullin). Understanding 

gene expression changes in the placenta 

because of HIV-1 and ARV drug exposure is 

critical for subsequent design of 

interventional approach to halt the problem. 

 

Materials and Methods 

Study population 

A cross sectional study was conducted in two 

hospitals (Mwananyamala and Mnazi Mmoja) 

in Dar es Salaam, Tanzania in 2019. Pregnant 

women consented prior to delivery optimally 

at 28 weeks of gestation. Inclusion criteria 

included pregnant women with HIV-1, with 

age > 18 years, with and without clinical or 

severe malaria, that were on or were not on 

ARV drugs of any combination. Exclusion 

criteria included chronic helminths infections, 

multiple births, advanced HIV-1, and 
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previous history of preterm birth. The study 

enrolled fifty-one (51) HIV positive women 

on ARV drugs and 46 HIV negative women. 

Using Hulley et al. (2013) formula enrolling 

51 HIV-1 positive women provided 

representative range of pathological condition 

found in HIV-1 positive placenta in Tanzania.  

 

Ethical approval and consent to participate 

The study was approved by the Institutional 

Review Boards of the National Institute of 

Medical Research 

(NIMR/HQ/R.8A/VOL.IX/2904) and 

Muhimbili National Hospital 

(MNH/IRB/I/2019/003). All participants 

provided written informed consent.  

 

Data and sample collection procedures    

Demographic data were collected using 

structured interviews and included all clinical 

data, pregnancy outcomes and information on 

delivery. Information on parity, length of 

gestation and HIV-1 status maternal anemia 

and baby weight were also recorded. The 

placenta tissue was collected immediately 

after delivery and maternal tissues removed. 

The inner most portion of the placenta was 

then excised into three pieces of about 2 mg 

and placed in RNA shield (Zymo research) 

and immediately stored at -20 °C. Estimated 

preparation time of placental tissue was < 15 

minutes. Four (4) ml of intervillous space and 

peripheral blood was collected and placed in 

EDTA tubes, plasma collected and 

immediately frozen at -20 °C for two weeks 

and then transferred to -80 ºC prior to 

analysis.   

 

RNA extraction and analysis of gene 

expression by real time quantitative PCR 

assay  
Extraction of messenger RNA (mRNA) from 

frozen placenta tissues was done using Quick-

RNA™ Miniprep Kit following 

manufacturer’s protocol (ZymoR1054, 

R1055). Quality and yield of RNA were 

assessed using a NanoDrop UV 

spectrophotometer. RNA preparations were 

considered pure when the A260/A280 

absorbance ratio was equal to 1.9-2.0. Real 

time quantitative PCR (RT-qPCR) assays 

were carried out using NEB Lunar Universal 

One Step RT-qPCR Kit (New England 

biolabs) following manufacturer’s protocol 

using SYBR Green detection format in 

Applied Biosystems 7500 Fast Instrument. 

Specific sequences of primers used and PCR 

cycling parameters are indicated in Tables 1 

and 2, respectively. Gene expression levels 

were normalized using an internal control, 

human GAPDH gene and determined using 

the 2-
∆∆Ct

 method. To make sure that results 

are consistent and reproducible, all samples 

were reverse transcribed in triplicate and 

repeated twice. Real-time data were analyzed 

using the Sequence Detector software 

(Applied Biosystems). 

 

Data analysis 

The data collected were entered in MS-excel 

sheets. All data analysis was performed using 

Graph Pad Prism software version 6. 

Descriptive data were generated for all 

variables. Linear regression analysis was done 

to establish relationships between viral load, 

relative RNA expression of selected genes 

and other factors associated with poor 

pregnancy outcomes. Changes in gene 

expression in HIV-1 positive samples relative 

to controls were analyzed using comparative 

C(T) method (Choi et al. 2011). Controls in 

this study were placenta of women that were 

HIV negative and had NBW. The two sample 

t-test was used to investigate the difference 

between normalized C(T). A p- value < 0.05 

was considered significant.  
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Table 1: Primer sequences of genes used in real-time PCR  
Gene Forward '5 -͢3' Reverse '5-3' References 

mTOR/FRAP

1 

CGTGGAGAACATGGATTAGG GTCCACAGACCAGTGAGGTC Afifiyan et al. 

(2017)  

INHA AGCTCAGACAGCTCTTACCA

CAT 

TTCAGCAAATTCTCTTTCTGG

TC 

Choi et al. 

(2011)  

ADM or AM CGG GAT CCA TGA AGC TGG 

TTT CCG TC  

CGG AAT TCC TAA AGA AAG 

TGG GGA GC  

Ramachandran 

et al. (2009)  

AKT-1 ATGGAAAGACGTTTTTGTGC ACCCGCAGGATAGTTTTCTT Afifiyan et al. 

(2017)  

Slc38a1 

(SNAT1) 

GTGTATGCTTTACCCACCATT

GC  

GCACGTTGTCATAGAATGTC

AAGT   

Desforges et al. 

(2006) 

Slc38a2(SNAT

2) 

ACGAAACAATAAACACCACC

TTAA  

AGATCAGAATTGGCACAGCA

TA  

Desforges et al. 

(2006)  

Slc38a4 

(SNAT4) 

TTGCCGCCCTCTTTGGTTAC  GAGGACAATGGGCACAGTT

AGT  

Desforges et al. 

(2006)  

11 β-HSD-II  TCAAGACAGAGTCAGTGAGA

AACG 

GGAACTGCCCATGCAAGTG Murphy et al. 

(2002)  

GAPDH CCTGTTCGACAGTCAGCCG CGACCAAATCCGTTGACTCC Sturla et al. 

(2009)  

  

Table 2: PCR cycling parameters  
Cycle Step Temperature  Time Cycles 

Reverse transcription 55 °C* 10 minutes 1 

Initial denaturation 95 °C 1 minute 1 

Denaturation 

Extension 

95 °C 

60 °C 

10 seconds 

30 seconds**(+plate read) 

 

40-45 

Melt curve 60-95 °C*** various 1 

 

Results 

Characteristics of studied participants 

The demographic and clinical 

characteristics of studied participants are 

shown in Table 3. Ninety-seven (97) pregnant 

women attending Mwananyamala Hospital 

and Mnazi Mmoja Hospital in Dar es Salaam, 

Tanzania were studied.  There were 

differences in mean age (p = 0.0016) and 

maternal hemoglobin (p > 0.001) between the 

HIV-1 positive and negative pregnant women. 

No difference in mean length of gestation 

(All, p < 0.0595) existed between the two 

groups. Majority of infants’ weights were in 

more than 50 percentiles in both HIV-1 

positive women (p > 0.05, Table 3). Twenty 

percent (20%) of all delivered babies had 

LBW. Viral load was detectable in only 10% 

of HIV-1 positive pregnant women with viral 

load ranging from 50–4300 copies/ml (Cobas 

8800, Roche Diagnostics).  

There was a weaker correlation between 

duration of ARV drugs uptake and infants’ 

birth weight, but the relationship was not 

significant (R
2
 = 0.041, p > 0.05, Figure 1). 

Malaria had influence on infants’ weight in 

both HIV-1 positive (p > 0.0157) and 

negative women (p > 0.0024, Unpaired t-test 

with Welch's correction) (Figure 1). 
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Table 3: Demographic and clinical characteristics of studied participants  

  HIV-1 negative HIV -1 positive 

  N % N % 

Studied population 46  51  

Mean age in years 25.9 ± 0.8 SEM   29.6 ± 0.9 SEM ** 

Primigravidae 19.0 41.3 11.0 21.6 

Secundigravidae 8.0 17.4 12.0 23.5 

Multigravidae 19.0 41.3 28.0 54.9 

Mean maternal hemoglobin level 

(mg/dl) 

11.1± 0.2 SEM  10.8 ± 0.2 SEM ** 

Mean length of gestation (weeks) 38.1 ± 0.5 SEM   38.0 ± 0.4 SEM   

Mean placental weight 0.5  0.5   

Mean infants’ weight (kg) 3.1  2.9  

Infants’ weight percentile         

less than 10
th

 percentile (SGA) 6 13.0 4 7.8 

≥10
th

 ≥ 25 percentile 3 6.5 4 7.8 

≥ 25 ≥ 50 percentile 5 10.9 11 21.6 

≥ 50 ≤ 75 percentile 9 19.6 9 17.6 

>75 percentile 23 50.0 22 43.1 

Low birth weight babies (≥ 2.5 

kg) 

9 19.6 11 21.6 

Normal birth weight 39 84.8 45 88.2 

Peripheral malaria positivity by 

mRDT  

5 10.9 6 11.8 

Soil transmitted helminths 

infections 

4 8.7 3 5.9 

Folic acid use 41 89.1 46 90.2 

ARV drug use - - 51 100.0 

Less than a year   7 14 

1 to 2 years   23 45 

3 years and above   21 41 

Alcohol uptake 4  8.7 7 13.7 

*Indicate level of significant different. 
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Figure 1: Relationships between A) duration of ARV drugs uptake, B) peripheral malaria with 

infant weight. 

 

mRNA expression of placental IGF-1R, 

mTOR, and protein Kinase B (AKT-1)   

mRNA expression of IGF-1R was 

downregulated in placentas of HIV-1 positive 

women compared to control (HIV negative 

with NBW) (t-test p < 0.0001). The IGF-1R 

mRNA levels were 3 and more than 40 folds 

lower in placentas of women delivering LBW 

babies in placenta of HIV-1 negative and 

positive women, respectively (t-test p < 

0.0001, Figure 2). The mRNA of AKT-1 was 

significantly upregulated in placenta of HIV 

negative women delivering LBW babies; 

demonstrating 60-fold increase in mRNA 

expression (t-test p < 0.000) and 

downregulated in HIV-1 positive placentas 

(1.6 and 2.2 folds in LBW and NBW, 

respectively, all p < 0.0001). 

Similarly, the mRNA expression of 

mTOR was lower in placentas of all HIV 

positive women (t-test, p < 0.0001). 

Surprisingly, the mTOR mRNA level was 

significantly upregulated in placenta of 

women that were HIV-1 negative delivering 

LBW babies (t-test, p < 0.0001, Figure 2). 
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Figure 2: Fold change in the mRNA expression (± SD) of A) IGF-1R, B) mTOR and C) AKT-

1 in placental from pregnant women with HIV-1 and without HIV-1. Fold change in 

mRNA expression is relative to HIV-1 negative placentas with Normal Birth Weight 

(control).   
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Messenger RNA expression of placental 

amino acids transporters 

Placental Slc38a1 and Slc38a2 mRNA 

expression levels were significantly 

upregulated in placentas of women with LBW 

babies from both HIV-1 positive and negative 

placentas (t-test, all p < 0.0001), with an 

increase in the mRNA expression levels 

ranging from 30 to more than 100 folds in 

Slc38a1 and Slca38a2 in HIV-1 negative 

positive women delivering LBW babies 

compared to control (Figure 3).  

 

 

Messenger RNA expression of placental 

adrenomedullin and inhibin A  

 The mRNA of placental inhibin A was 

upregulated in HIV-1 positive placentas 

delivering LBW (t-test, p < 0.0001). 

However, the mRNA levels of placental 

inhibin A decreased by 12 folds in HIV-1 

negative placentas with LBW babies (Figure 

3) and by 2 folds in HIV positive placenta 

with NBW babies (Figure 4). In this study, 

placental ADM mRNA levels decreased by 

50 folds in HIV-1 placentas with both NBW 

and LBW babies and by only 2 folds in HIV 

negative women with LBW compared to the 

control (Figure 4). 
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Figure 3: Fold change in mRNA expression (± SD) of A) Slc38a1, B) Slc38a1 and C) Slc38a1 

in placental from pregnant women with HIV-1 and without HIV-1. Fold change in 

mRNA expression is relative to HIV-1 negative placentas with Normal Birth Weight 

(control).  
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Figure 4: Fold change in the mRNA expression (± SD) of A) inhibin A and B) adrenomedullin 

in placental cells from pregnant women with HIV-1 and without HIV-1. Fold change 

in mRNA expression is relative to HIV-1 negative placentas with Normal Birth 

Weight (control). 

   

Messenger RNA expression of placental 

11β-hydroxysteroid dehydrogenase  

In this study, women delivering LBW babies 

demonstrated high levels of 11 β-HSD-2 

mRNA expression in both HIV-1 negative 

and positive women compared to the control 

(t-test, all p < 0.0001, Figure 5), with HIV-1 

negative placentas from women with LBW 

babies expressing significantly higher levels 

of 11 β-HSD-2 mRNA compared to the 

placentas of HIV-1 positive women 

delivering LBW babies (p < 0.05). 
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Figure 5: Fold change in mRNA expression (± SD) of 11 β-HSD-2 in placentas from 

pregnant women with HIV-1 and without HIV-1. Fold change in mRNA expression 

is relative to HIV-1 negative placentas with Normal Birth Weight (control).   
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Discussion  

We investigated the influence of HIV-1 

and ARV drugs on expression of selected 

genes coding for proteins involved in the 

IGF-1 growth pathway, stress response, angi- 

and anti-angiogenic factors. It was found that 

mRNA levels of placental IGF-1R, AKT-1, 

mTOR and ADM are downregulated in HIV-

1 positive women regardless of the baby’s 

weight. However, HIV-1 positive women 

delivering LBW babies had higher mRNA 

level of an antiangiogenic molecule, the 

inhibin A. Genes coding for placental system-

A amino acid transporters (Slc38a1, Slc38a2) 

were upregulated in both HIV-1 positive and 

negative women with LBW babies. 

Surprisingly, mRNA expression of placental 

inhibin A was downregulated in placentas of 

HIV-1 negative women with LBW babies. 

The differential gene expression observed in 

placentas of HIV-1 positive and negative 

women suggest placental responses to 

different intervillous space 

microenvironments. 

The dramatic decrease in IGF-1R 

expression in HIV-1 positive placentas in this 

study may be a result of changes in maternal 

fetal microenvironment associated with HIV-

1 infections and ARV drugs uptake. Lower 

placental mRNA IGF-1R expression may 

result into decrease in IGF-1R protein 

expression affecting placental-specific IGF-1 

axis activities, which are critical for placenta 

and fetus growth (Sferruzzi-Perri et al. 2017). 

Studies showed that activation of placental 

IGF-1R by IGF-1 stimulates system-A amino 

acid and glucose uptake, facilitating placental 

vascularization and proliferation leading to 

proper placental development and function 

(Brett et al. 2014, Sferruzzi-Perri et al. 2017). 

It could conceivably be hypothesised that 

placental exposure to HIV-1 and ARV drugs 

may induce epigenetic changes that affect 

transcription of certain genes in the placenta 

similar to the observations by Chandel et al. 

(2013) and Shiau et al. (2019) in immune 

cells of HIV-1 infected hosts. Understanding 

global placental epigenetic changes in HIV-1 

and/or ARV drugs exposed placentas is 

important considering that the placental 

syncytiotrophoblast are also permissive to 

HIV-1. 

Numerous evidence show that placental 

mTOR is dysregulated in various causes of 

FGR (Roos et al. 2007) including placental 

malaria-mediated (Boeuf et al. 2013) and in 

idiopathic FGR (Scifres and Nelson 2009). 

Surprisingly, the relative mRNAs expression 

for placental mTOR and AKT-1 in the current 

study was higher in placentas of HIV-1 

negative women delivering LBW babies. 

Upregulation of mTOR and AKT-1 in 

placentas of HIV-1 negative women suggest 

existence of physiological adaption in this 

group. Adaptive responses have been reported 

previously by Aiko et al. (2014) in which 

placental mTOR protein was shown to 

increase in placental of women delivering 

LBW babies and in those with preeclampsia 

(Desforges et al. 2006). Placental adaptive 

responses are important in maintaining fetus 

development (Myatt 2006). Contrary to HIV 

negative women, mTOR and AKT-1 mRNA 

levels were downregulated in placentas of 

HIV positive women. Evidence shows that 

HIV-1 virus though its matric protein P17 

activates PI3K/AKT-1 pathway in HIV-1 

infected cells including human macrophages 

(Giagulli et al. 2011). The activation of PI3K 

in target cells occurs by inhibiting the 

phosphatase and tensin homolog (PTEN), 

which is the potent inhibitor of the 

PI3K/AKT-1 signaling pathway. We surmise 

that the HIV-1viral suppression by the ARV 

drugs among the 90% of the pregnant women 

in the current study might have led to an 

increased level of PI3K/AKT-1 inhibitor 

(PTEN) in placental cells leading to 

downregulation of placenta AKT-1 and 

consequently the mTOR. Further studies need 

to be carried out in order to investigate 

influence of HIV-1 and ARV drugs on growth 

signaling pathways other than the IGF-1R-

PI3K /AKT-1-mTOR.  

According to Cleal et al. (2018), placental 

protein synthesis reduces the pool of amino 

acids available for transport across the 

placenta by the accumulative transporters, the 

Scl38a1, 2 and 4. Accordingly, a decrease in 

mTOR expression in HIV-1 infected 

placentas delivering LBW babies in this study 
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might have reduced protein synthesis of the 

placenta (Wang and Proud 2006). Reduced 

protein synthesis as a result of reduced mTOR 

gene expression in placentas of HIV-1 

positive women delivering LBW might have 

triggered increase in expression of amino acid 

transporters to cater for scarcity of amino acid 

transport across the placenta. The 

upregulation of Slc38a1 and Slca38a2 

mRNAs in HIV-1 positive women delivering 

LBW babies may also suggest placental 

adaptive immune responses to a decreased 

amino acid pool in the placenta. However, to 

fully understand the influence of HIV-1 and 

ARV drugs on placental expression of amino 

acid transporters, a multivariate analysis is 

needed to be done controlling for maternal 

nutritional diet, the major determinant of 

resources and other important environmental 

factors, which is beyond the scope of this 

study.   

Although the placenta is the principal 

metabolic, respiratory, excretory, and 

endocrine organ for the first 9 months of fetal 

growth in utero, it is not innervated (Marzioni 

et al. 2004). Consequently, local expression 

of placental vasodilators, vasoconstrictors as 

well as angiogenic factors are essential in 

maintaining vascular tone during pregnancy 

for optimal transport of nutrient and gases for 

placental and fetal growth. Evidence suggests 

imbalance between placental pro-angiogenic 

and antiangiogenic proteins is the most 

important factor affecting nutrients transport 

from the placenta to the fetus (Ilekis et al. 

2016). Inhibin A is an antiangiogenic 

molecule that is produced by the feto-

placental unit throughout gestation (Shen et 

al. 2011). Increased placental inhibin A 

expression has been identified as a major 

contributing factor to the placental 

dysfunction leading to premature delivery and 

fetal growth restriction (Reddy et al. 2009, 

Shen et al. 2011). Furthermore, Singnoi et al. 

(2019) demonstrated negative influence of 

high maternal serum inhibin A on normal 

placentation. Higher levels of placental 

inhibin A in HIV-1 positive women with 

LBW babies in the current study may have 

induced poor formation of blood vessels 

leading to poor placental perfusion and 

therefore LBW babies. This is in contrary to 

what was observed in HIV-1 negative women 

delivering LBW babies. Despite the current 

observations, several questions remain 

unanswered at present; First, are lower 

placental inhibin A mRNA expression levels 

among the HIV-1 negative women delivering 

LBW babies specific adaptive responses 

against anti-angiogenesis in placentas of 

women in this group? Second, are inhibin A 

mRNA levels a major determinant of birth 

weight among HIV-1 women that are on 

ARVs? Future investigations are needed to 

assess factors influencing levels of placental 

inhibin A in HIV-1 positive and negative 

women delivering LWB and NBW, their roles 

in villous placental angiogenesis and potential 

use as an antiangiogenic marker. 

Contrary to inhibin A, adrenomedullin is 

known to stimulate the growth of new blood 

vessels and increase the cells tolerance to 

hypoxic injury and oxidative stress 

(Moriyama et al. 2001). Evidence suggests 

that ADM expression is an important factor 

for successful implantation and maintenance 

of placental vascular tone and development 

(Lenhart and Caron 2012). Using knockout 

mice, Li et al. (2006) showed that genetical 

reduction of ADM expression in mice 

affected liter size and general placental 

development.  Therefore, lower mRNA levels 

of ADM among HIV-1 positive placentas 

suggest potential disruption of placental 

vascular tone in HIV-1 positive women. 

 

Conclusion  

This current study clearly indicated HIV-1 

and ARV drugs induce differential placental 

gene expression. The IGF-1-P13/AKT-1-

mTOR signaling pathway is dysregulated 

among HIV-1 positive women on ARV drugs.  

In addition, there were higher mRNA 

expression of an antiangiogenic molecule 

(inhibin A) and lower expression of 

angiogenic molecule (ADM) in placentas of 

HIV-1 positive women delivering LBW 

babies. These results suggest that ARV drugs 

and HIV-1 may be involved in the disruption 

of vascular tone of the placenta, and therefore 

placental perfusion. Multivariate analyses to 

investigate the roles of other environmental 
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factors in placental expression of genes 

involved in fetal growth are critical to 

determine other determinants of delivering 

LBW babies.  In addition, we recommend 

further studies to investigate placental growth 

pathways other than the IGF-1-AKT-1-

mTOR.  
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