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ABSTRACT 
Preeclampsia is a multisystem disorder of pregnancy characterized by 
hypertension and proteinuria after 20 weeks of gestation. Trophoblast apoptosis 
is known to take place in preeclampsia which is regulated by cysteine aspartate 
specific proteases (caspase), an executor protein to assign apoptosis. To date, 
effective treatment for preeclampsia has not been established yet. Aspirin is 
currently the most widely prescribed treatment in the prevention of 
cardiovascular complications. In this study, we evaluated level of caspase-3 on 
preeclampsia induced VSMC cells performed with enzyme-linked immunosorbent 
assay (ELISA). Low-dose aspirin recuded apoptosis of VSMC during trophoblast 
invasion as indicated by lower expression of caspase-3 compared to control. Thus, 
aspirin is believed to reduce pro-apoptotic compounds and to compensate cells 
function including preeclampsia induced VSMC by controlling trophoblast 
apoptosis. Further studies to measure other apoptosis-related markers, as well as 
in vivo and clinical studies, are encouraged. 
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INTRODUCTION 
Preeclampsia is a multisystem disorder of pregnancy 
characterized by hypertension and proteinuria after 20 
weeks of gestation1. Preeclampsia can lead to liver and 
kidney failure, seizures (eclampsia), and abnormalities of 
the clotting system2. Its occurence is 1–8% of pregnant 
women. Preeclampsia is the second cause of maternal 
mortality worldwide3 and is one of the five leading causes 
of maternal mortality.4  To date, effective treatment for 
preeclampsia has not been established yet. 
It has been hypothesized that the underlying mechanism 
of preeclampsia involve genetic factor, immunologic 
factor, vascular disease, and failure in trophoblast 
invasion into spiral artery at the first trimester. These 
cause spiral artery to dilate inadequately and disturbance 
in endothelial and muscular wall of blood vessel, leaves 
the blood vessel be smaller in diameter, leading to 
diminished perfusion and placental ischemia.5-7  During 
trophoblast invasion into spiral artery, signal transduction 
is disrupted that further generates apoptosis. Increased 
apoptosis leads to TRAIL binding to apoptosis receptor in 
vascular smooth muscle cells (VSMC) which activates 
TNF- via FasL pathway.8,9 Apoptosis is an essential 
process in normal VSMC development in which cells are 
damaged to maintain vascular physiological balance. 
Apoptosis is involved in attachment, trophoblast invasion, 
spiral artery transformation, trophoblast transformation, 
and immune tolerance of paternal antigen expressed by 
trophoblast.10 It is regulated by cysteine aspartate specific 
proteases (caspase), an executor protein to assign 
apoptosis.11,12.  
Aspirin is currently the most widely prescribed treatment 
in the prevention of cardiovascular complications.13 At 
low doses, aspirin is also usually used to prevent 
pregnancy-related vascular disorders, such as 
preeclampsia and intrauterine growth restriction, and 
maternal disorders like antiphospholipid syndrome. The 

indications for the use of aspirin during pregnancy are, 
however, the subject of much controversy. Proof of its 
efficacy is not established in a good number of these 
indications, yet it is being prescribed in an ever-increasing 
proportion of pregnant women.14-16  In this study, we 
evaluated pathogenesis of preeclampsia in VSMC and 
treated with low dose aspirin. 
 
MATERIAL AND METHODS 
Study design 
This in vitro study adopted a post-test only control group 
design. Vascular Smooth Muscle Cells (VSMCs) ATCC CRL 
1999 (purchased from American Type Collection Culture) 
was used and induced with normal and preeclamptic sera 
that were collected from the normal pregnant women and 
preeclamptic pregnancy, respectively. Low-dose aspirin 
purchased from BAYER, with a variety of concentrations, 
was administered to each serum group to investigate its 
effect on the level of caspase 3. 
VSMC cell culture preparation 
VSMC cells were cultured in ham’s F-12K medium 
supplemented with 10% (v/v) FBS (30 minutes, 56°C), 
10% endothelial cell growth supplement, 1% ascorbic 
acid, 1% insulin, 1% transferin, 1% sodium selenite, 1% 
HEPES, and antibiotic-antimicotic (1%Penicillin G-
Streptomycin Solution Stabilised and 1% Fungizone 
Amphotericin B) and incubated at 37°C 5% (v/v) CO2. 
Confluent cells were washed with PBS three times and 
followed by tripzinisation with 0,05% Tripsin-EDTA, 
incubated at 37°C for 30 sec. Tripsin-EDTA was discarded, 
then added with complete medium at equal volume.17-20. 
Exposure of VSMC cells with healthy and preeclamptic 
sera 
VSMC cells was grown in RPMI 1640 supplemented with 
10% serum (normal and preeclampsia) with supernatant 
of trophoblast cells, and dengan supernatan antibiotic-
antimicotic (1%Penicillin G-Streptomycin Solution 
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Stabilised and 1% Fungizone Amphotericin B). Cells were 
incubated at 37°C 5% CO2 (v/v) for 24h. Furthermore, 
aspirin in various dose (0,25-2 mM) was added, and cells 
were incubated at 37°C 5% CO2 (v/v).15-17. 
Measurement of Caspase 3 
Cells (106 cells/ml) containing 10% serum (normal and 
preeclampsia) with or without supernatant, were placed 
into 96-wells microplate, and incubated at  37°C 5% CO2 
(v/v). Confluent cells were washed 3-4 times with PBS 
37°C to remove medium and unattached cells. 
Subsequently, cells of 100 μl were aliquoted into wells of 
aspirin in various concentrations and incubated for 24 and 
48 hours at 37°C 5% CO2 (v/v). Each well was washed 
with PBS pH 7,4 every 5 minutes, followed by 
trypsinization with 0,05% Tripsin-EDTA, incubated for 30 
seconds at 37°C.  Afterward, complete medium of equal 
volume was added into wells.11,12 Cells were lysed with 
vortex for 10 minutes, and centrifuged at 3.000 rpm for 20 
min. Measurement was performed with enzyme - linked 
immunosorbent assay (ELISA).15. 

Data analysis 
Data were statistically analyzed with a two-way analysis of 
variance (ANOVA) and continued with Duncan test using 
SPSS 21 (IBM Corp, Armonk, NY, USA). The analysis aimed 
to test the significance of the effect of low-dose aspirin in 
a varied concentration on caspase 3 levels in preeclamptic 
serum-induced VSMC cell line. 
Ethical clearance 
The study was conducted after the approval from Ethical 
Review Boards of Health Research, Faculty of Medicine 
and Dr. Hasan Sadikin Hospital, Bandung. All research 
subjects were voluntarily required to sign informed 
consent prior to the study. 
 
RESULTS 

Standarization of normal and preeclampsia serum  
Serum which comprised of normal and preeclampsia, was 
measured for its characteristics. Measurement was 
conducted using electrophoresis which included albumin, 
alfa 1 globulin, alfa 2 globulin, beta 1 globulin, beta 2 
globulin, gamma globulin and A/G ratio each group to 
obtain standarized concentration of serum used in this 
study (data are not shown). Results showed that normal 
serum was classified in normal category for each fraction 
(albumin, α-1 globulin, α-2 globulin, β-globulin, and 
gamma globulin). Meanwhile, preeclamptic serum showed 
some differences which was excluded from normal 
category (i.e higher α-globulin and β-globulin). 
Morphologically, blood samples carried from preeclamptic 
women had higher viscocity which is line with previous 
studies.17-19. 

Expression of Caspase-3 of normal and preeclampsia-
induced VSMC 
Based on Table 1, expression of caspase-3 were higher in 
VSMC cells (prior to induction) with supernatant 
compared to that in cells without supernatant. This 
indicates role of trophoblast supernatant as 
communication media between trophoblast and VSMC. In 
normal pregnancy, expression caspase-3 was high which 
might be due to VSMC apoptosis during high trophoblast 
invasion in normal pregnancy. Expression of caspase-3 
was higher in VSMC cells with preeclampsia serum 
compared to that in cells without preeclampsia. This 
indicates effects of preeclampsia serum was higher than 
supernatan toward VSMC apoptosis. Preeclampsia-
induced VSMC showed higher expression of caspase 3 
compared to normal gorup, This result indicate apoptosis 
occurence marked by increased level of caspase-3 in 
preeclampsia-induced VSMC cells.  

 
Table 1. Expression of Caspase-3 in normal and preeclampsia-induced VSMC 

 
Group Expression (pg/ml) 

Normal Preeclampsia 
 

p-value 

Caspase 3 
 

2,839   0,001 4,707  0,020 p0,0001 

Data are presented in MeanStandard Deviation. Significant difference is indicated p-value ( p0,05) 
 analyzed with Duncan test. 

 
Expression of Caspase-3 in preeclampsia-induced 
VSMC treated with aspirin. 
Based on Figure 1, caspase-3 level was highly expressed in 
preeclampsia-induced VSMC without aspirin, compared to 
normal group. There was difference in caspase 3 level 

between normal and preeclampsia-induced VSMC. Aspirin 
of 1,5 mM showed significant (p<0,05) reduced caspase-3 
in preeclamptic cells which was almost ccomparable to 
normal level. 

 
Figure  1. Expression of caspase-3 in normal and preeclampsia-induced VSMC at various incubation   time after 

treatment of aspirin 
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DISCUSSION 
VSMC effects on flexibility of spiral artery in placental 
physiology.20 VSMC dysfunction during normal placental 
development depends on trophoblast invasion and 
differentiation, and apoptosis as main component of 
placenta.21,22 Apoptosis in VSMC elevates following 
apoptosis in trophoblast due to miscommunication 
between trophoblast cells and VSMC during pregnancy 
which remains unclear. Thus, we aimed to observe the 
interaction between trophoblast and VSMC during 
pregnancy in vitro by adding supernatant of trophoblast 
into VSMC growth media or vice versa. In the present 
study, VSMV cells grow accordingly after supernatant 
addition that indicates similarity, mainly in nutritional 
characteristics of trophoblast and VSMC. 
It has been reported that trophoblast cells initiate VSMC 
apoptosis in vitro.8,23-27 Failure of trophoblast invasion in 
preeclamptic patients is allegedly due to imbalance of 
soluble protein interaction such as sFlt-1 and PlGF, as well 
as other protein TNF- and caspase 3, which leads to 
trophoblast apoptosis. Subsequently, trophoblast releases 
TRAIL that binds to VSMC trimeric death receptors 4 and 
5 (DR4/5), that promote FADD recruitment to activate 
procaspase-8 into caspase-8. This promote caspase 
cascade and VSMC apoptosis.8,9 Apoptosis is a 
programmed-cell death which aims to regenerate 
tissues.11 Apoptosis is an essential process in normal 
VSMC development to maintain vascular physiological 
balance. Apoptosis is involved in attachment, trophoblast 
invasion, spiral artery transformation, trophoblast 
transformation, and immune tolerance of paternal antigen 
expressed by trophoblast.15 It is regulated by caspase, an 
executor protein to assign apoptosis.11,12 In preeclampsia, 
failure in cells signaling and communication occurs in 
which trophoblast cells is unable to invade into spiral 
artery to dilate due to increased apoptosis.28,30 Incomplete 
trophoblast invasion disrupts decidualization, resulting in 
inadequate maternal placental blood supply that leads to 
ischemia and endothelial damage. In this study, caspase-3 
levels of preeclampsia-induced VSMC-supernatant were 
higher in preeclampsia-induced VSMC-supernatant than 
those in normal group. Similar findings are also found in 
previous study done by Pramatirta et al (2016) (17). 
Referring to Lydia et al.8  and Pijnenborg et al.9  apoptosis 
of trophoblast is followed by VSMC apoptosis mediated by 
TNF-. In this study, supernatants can be one of 
alternatives as media for cells communication in 
pathogenesis study. 
Furthermore, aspirin was used to observe pathogenesis of 
preeclampsia allegedly affected by VSMC and trophoblast. 
Low dose aspirin is known to possess anti-apoptotic and 
anti-inflammatory properties. In the present study, aspirin 
affects apoptosis of VSMC during trophoblast invasion as 
indicated by expression of caspase 3. This is line with 
study done by Pramatirta et al.17 that low dose of aspirin 
reduces apoptosis in trophoblast cells indicated by 
decreased apoptotic index, caspase 3 and TNF-α. However, 
at high dose, aspirin induce apoptosis by stimulating 
cytocrome-c release and activating  Apaf-1 which further 
activate caspase.  
Antiapoptotic of aspirin is assumably precursor in 
trapping proinflammatory compounds such as TNF- 
which is produced due to disrupted signal transduction 
affected by genetic (i.e., hypertension) and environmental 
factors (i.e pollutant during trophoblast apoptosis). Thus, 
aspirin is believed to reduce pro-apoptotic compounds 
and to compensate cells function including tropholast 

apoptosis and TRAIL production along with its binding to 
Fas in VSMC. Cells balance is indicated by reduced 
apoptosis which directly effect on reduced caspase 3. 
Further studies to measure other apoptosis-related 
markers, as well as in vivo and clinical studies, are 
encouraged. 
 
CONCLUSION 
Low-dose aspirin significantly reduced caspase 3 levels. 
These findings suggest the potential of low-dose aspirin to 
be used in treating preeclampsia, by restoring the balance 
between apoptotic factor (PlGF) and antiapoptotic factor. 
Further studies including in vivo studies and clinical trials 
of low-dose aspirin are encouraged. 
 
ACKNOWLEDGEMENTS 
We would like to thank Universitas Padjadjaran, which has 
funded this research through Internal Grant, Universitas 
Padjadjaran, Bandung, Indonesia 
 
REFERENCES 
1. Kattah AG, Garovic VD. The management of 

hypertension in pregnancy. Adv Chronic Kidney Dis. 
2013;20:229–39.  

2. Askie LM, Duley L, Henderson-Smart DJ, Stewart LA. 
Antiplatelet agents for prevention of pre-eclampsia: a 
meta-analysis of individual patient data. The Lancet. 
2007;369:1791–8.  

3. von Dadelszen P, Magee LA. Pre-eclampsia: an 
update. Curr Hypertens Rep.2014;16:1–14. 

4. Say L, Chou D, Gemmill A, Tunçalp Ö, Moller A-B, 
Daniels J, et al. Global causes of maternal death: a WHO 
systematic analysis. Lancet Glob Health. 2014;2:e323–
e333.  

5. Roeshadi RH. Hypertension in Pregnancy. In: Hariadi R, 
editors Fetomaternal Medical Science. 1 edn. Surabaya: 
Fetomaternal Medical Community, Indonesia Obstetric 
and Gynecology Association;2004. p. 494–99.  

6. Robert J. Pregnancy-related hypertension. In: Creasy R, 
Iams J, editors. Maternal fetal medicine principle and 
practice. Philadelphia: WB Saunders; 2004. p. 859–80. 

7. Park M, Brewster UC. Management of preeclampsia. 
Hosp Phys. 2007;43(11):25. 

8. Lydia H, Florian H, Stefan V, Joon-Keun P, Maren W, 
Fatimunnisa Q, Robert P. Trophoblasts Reduce the 
Vascular Smooth Muscle Cell Proatherogenic 
Response. J Hypertension. 2008;51:554-9. 

9. Pijnenborg R, Vercruysse L, Hanssens M. The uterine 
spiral arteries in human pregnancy: facts and 
controversies. Placenta. 2006; 27: 939–58.  

10. Mayhew TM. Villous trophoblast of human placenta: a 
coherent view of its turnover, repair and contributions 
to villous development and maturation. Histol 
Histopathol. 2001;16:1213–24. 

11. Basyir V, Fauziah P, Yanwirasti, Johannes M. Effect of 
Lycopene on Level of Malondialdehid (MDA) in 
Preeclampsia-Induced Placental Trophoblast Cells. Int 
J PharmTech Res. 2017;10(2):103–8.  

12. Fischer U, Janicke RU, Schulze-Osthoff K. Many cuts to 
ruin: a comprehensive update of caspase substrates. 
Cell Death Differ. 2003(10):76–100. 

13. Yeni CM, Fauziah PN, Ani MM, Rovina R, Johanes M. 
Effect of curcumin on sFlt-1 and PlGF concentration in 
preeclampsia induced HUVEC cell line. Sys Rev Pharm. 
2020;11(11):1247-51.  
 



Pramatirta et al. /Low-dose Aspirin Reduces Caspase-3 Expression in Maternal Preeclampsia Serum-Induced Vascular Smooth 
Muscle Cells (VSMCs) 

 

1554                                                                          Systematic Reviews in Pharmacy                                 Vol 12, Issue 1, January 2021 

14. Cadavid AP. Aspirin: the mechanism of Roeshadi RH. 
Hypertension in Pregnancy. In: Hariadi R, editors 
Fetomaternal Medical Science. 1 edn. Surabaya: 
Fetomaternal Medical Community, Indonesia Obstetric 
and Gynecology Association; 2004. p. 494–99.  

15. Gunardi JI, Mose J, Satari MH, Anwar AD, Fauziah PN, 
Triyuli. Effects of papua ant nests (Myrmecodia 
pendens) on level of sFlt-1, PIGF, MDA and NO in 
preeclampsia-induced HUVEC cell line. Int J 
PharmTech Res. 2016;9(6):424–35.  

16. Ferrara N. Vascular endothelial growth factor. Trends 
Cardiovasc Med. 1993; 3: 244-50. 

17. Pramatirta A.Y., Bremmy Laksono, Prima Nanda 
Fauziah, Anita Deborah Anwar, Sofie Rifayani Krisnadi, 
Debbie S Retnoningrum, Ani Melani Maskoen, Erlina 
Widiarsih. Effects of Low Dose Aspirin on Caspase 3, 
TNF-α and Apoptotic Index Levels in Preclampsia 
Maternal Serum-Induced Placental Trophoblast Cell 
Line In Vitro. Int J PharmTech Res. 2016: 9;1-6. 

18. Gurnadi J.I., Johannes Mose, Budi Handono, Prima 
Nanda Fauziah, Akhmad Yogi Pramatirta. Correlation 
Between fms-Like Tyrosine Kinase-1(sFlt-1) Cell-Free 
Messenger RNA Expression and fms-Like Tyrosine 
Kinase1(sFlt-1) Protein Level In Severe Preeclampsia 
and Normal Pregnancy. Int J Integrated Health Sci 
2015:3(2);66–71. 

19. Neale D, Demadsio K, Illuzi J, Chaiworapongsa, Romero 
R, and Mor G. Maternal serum of women with 
preeclampsia reduces trophoblast cell viability: 
evidence for an increased sensitivity to Fas-mediated 
apoptosis. J Maternal-Fetal Neonat Med. 2003;13:39-
44. 

20. Abrahams VM, Straszewski-Chavez SL, Guller S, Mor G. 
First trimester trophoblast cells secrete Fas ligand 
which induces immune cell apoptosis. Mol Hum 
Reprod. 2004;10:55–63 

21. Staun-Ram l, Shalev E. Human trophoblast function 
during the implantation process. Reproductive biology 
and endocrinology. Reprod Biol Endocrinol. 2005;3:1-
12. 

22. Rahardjo B, Widjajanto E, Sujuti H, Keman K. Curcumin 
decreased level of proinflammatory cytokines in 
monocyte cultures exposed to preeclamptic plasma by 
affecting the transcription factors NF-κB and PPAR-γ. 
Biomarkers Genomic Med. 2014;6(3):105–15.  

23. Shah TJ, Walsh SW. Activation of NF-κB and expression 
of COX-2 in association with neutrophil infiltration in 
systemic vascular tissue of women with preeclampsia. 
Am J Obstet Gynecol. 2007:196:48. 

24. Rakesh, K., and Agrawal, D. K. Cytokines and growth 
factors involved in apoptosis and proliferation of 
vascular smooth muscle cells. Int. Immunopharmacol. 
2005:5, 1487–1506. 

25. Korshunov, V. A., and Berk, B. C. Smooth muscle 
apoptosis and vascular remodeling. Curr. Opin. 
Hematol.. 2008:15, 250–4 

26. Harris, L. K., Keogh, R. J., Wareing, M., Baker, P. N., 
Cartwright, J. E., Aplin, J. D., and Whitley, G. S. Invasive 
trophoblasts stimulate vascular smooth muscle cell 
apoptosis by a fas liganddependent mechanism. Am. J. 
Pathol. 2006 169, 1863–74. 

27. Keogh, R. J., Harris, L. K., Freeman, A., Baker, P. N., Aplin, 
J. D., Whitley, G. S., and Cartwright, J. E. Fetal-derived 
trophoblast use the apoptotic cytokine tumor necrosis 
factor-alpharelated apoptosis-inducing ligand to 
induce smooth muscle cell death. Circ Res. 2007;100, 
834–41 

28. Granger JP, Alexander BT, Llinas MT, Bennet WA KR. 
Pathophysiology of hypertension during preeclampsia 
linking placental ischemia with endothelial 
dysfunction. Hypertension. 2001;38:718-22. 

29. Yuan HT, Haig D, Karumanchi SA. Angigenic factors in 
the Pathogenesis of Preeclampsia Developmental 
Biology. 2005;71:297-312. 

30. Lyall F, Ian AG. The vascular endothelium in normal 
pregnancy and preeclampsia. Journal of reproduction 
and fertility. 1996(1):107-16. 

 
 


