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Placental exosomal level of alanine aminotransferase is more
accurate predictive biomarker of intrahepatic cholestasis of

pregnancy than total bile acid
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Abstract

Aims: As a serious liver abnormality, intrahepatic cholestasis of pregnancy (ICP) uniquely occurs in
pregnant women. In the present study, we examined whether placental exosomes and their protein con-
tents could serve as novel indicators to help early diagnosis of ICP.

Methods: The current retrospective stratified study design included a 100 healthy pregnant females and
a 100 patients with ICP. Plancental exosomes were isolated to determine the exosomal levels of alanine
aminotransferase (ALT) and total bile acid (TBA). The predictive values of placental exosomal TBA
and ALT were determined using receiver operating characteristic (ROC) curve analysis.

Results: The placental exosomal TBA level did not exhibit any obvious differences between healthy and
ICP pregnancies. Moreover, placental exosomal ALT level was significantly higher in ICP-affected preg-
nancy than healthy control. Analysis of the ROC curve further demonstrated that placental exosomal
level of ALT yields better sensitivity and specificity to distinguish ICP patients from healthy individuals,

than that of TBA.

Conclusions: Placental exosomal ALT is a more accurate predictive biomarker of ICP than TBA and,
therefore, can be employed with reliability as a characteristic abnormality in diagnosis of ICP.
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ous liver illness uniquely affecting pregnant women
(1). The primary characteristics of ICP is pruri-
tus starting around the second or third trimester of
pregnancy that withdraws after labour (2). About 10%
of the patients developed mild jaundice within 4 weeks
following the onset of itching (3, 4). Other atypical symp-
toms include encephalopathy (5), abdominal pain and
subclinical steatorrhea, which is associated with vitamin
K deficiency (6, 7). Prevalence of ICP varies around the
world and is also dependent on ethnicity, which could
be up to 4% in Chile (8). Since 1883 when it was first
described, ICP has been generally considered clinical
minor disorder clinically (9).
The exact mechanisms causing ICP are still poorly
understood to date, other than the belief that the patho-
logical progress of ICP is multi-factorial, influenced by

Intrahepatic cholestasis of pregnancy (ICP) is a seri-

environmental factors, deficiencies of nutrients, genetic
variations and predisposition, and fluctuations in hor-
mone levels (10). Such nature greatly hindered the diagno-
sis as well as treatment of ICP. Prior studies demonstrated
that the flux of total bile acids (TBA) from the mother to
the foetus increased during ICP (11-13), and high level of
maternal TBA may disturb the production and transport
of hormones in the placenta, and chorionic constriction
of vessels (14). The elevation in the serum level of TBA
was thought to be the sign of ICP. TBA level in the serum
higher than 11.0 pM was, therefore, used as the most ac-
curate marker for early diagnostic of ICP (15), whereas
the diagnostic end point for ICP that is widely accepted
is 10-14 uM TBA in the serum. Based on serum levels of
TBA, ICP is categorized into mild ICP (10-40 uM TBA)
and severe ICP (above 40 uM TBA) (16). However, serum
level of TBA varies depending on the ethnic population

STEMedicine 2023.© 2023 Sahaya Ravichandran and Rupa Karunanithi. This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 International License I
(http:/creativecommons.org/licenses/by/4.0/),allowing third parties to copy and redistribute the material in any medium or format and to remix, transform,and build upon the material for any purpose,

even commercially, provided the original work is properly cited and states its license.

Citation: STEMedicine 2023, 4(1): e|57 - http://dx.doi.org/10.37 1 75/stemedicine v4.il.157


http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.37175/stemedicine.v4.i1.157

Sahaya Ravichandran and Rupa Karunanithi

studied (10, 16), arguing that the use of TBA clinically is
insufficient as a biomarker for diagnosis (17).

Exosomes refer to stable and small lipid bilayer vesicles
and have capacity to pack specific molecules (18). Studies
have highlighted the involvement of exosomes in various
diseases (19, 20). In particular, placental exosomes have
been reported to serve as biomarkers in pregnancy-related
conditions such as preeclampsia (21, 22). However, to the
best of our knowledge, the predictive and diagnostic value
of placental exosome as well as its cargoes has never been
reported in clinical ICP patients.

Methods

Subjects

This is a retrospective study. During 2018 and 2021, 100
ICP patients and 100 healthy pregnant females, all in the
last trimester of pregnancy, were selected to be enrolled
into the study. All participants provided a written con-
sent. Procedures in the current study are in conformity
with the ethical guidelines of the Declaration of Helsinki
of 1975 and approved by the Ethic Committee of Kuve-
mpu University.

Inclusion criteria

The criteria for including mild ICP patients were as fol-
lows: 1) jaundice and/or pruritus; 2) serum level of TBA
between 15 and 40 uM; 3) absence of dermatological
illness with the exclusion of lesions caused by excessive
scratching; 4) absence of biliary tract dilatation, current
viral hepatitis, symptomatic cholelithiasis or chronic liver
disorder; 5) no sign of endocervical or urinary infection,
pre-eclampsia and fever; 6) recovery of routine liver func-
tion after delivery.

Isolation of placental exosomes

Isolation of exosomes was performed as previously
described (22). Briefly, plasma (1 mL) was obtained from
all participants during the second trimester and subse-
quently diluted in half with phosphate buffered saline
(PBS). Centrifugation was then carried out at 2,000 g for
30-35 min at 4°C, followed by 12,000 g for 45 min. The
supernatant was further centrifuged at 110,000 g for 2-3
h at 4°C, then the pellets were resuspended in PBS and fil-
tered with a 0.22 um filter. The filtrate was centrifuged at
110,000 g for 1 h, and the pellets were again re-suspended
in PBS and centrifuged at 110,000 g for 1 h. The exosome
pellets were then suspended in 1 mL PBS followed by pu-
rification with a 30% sucrose cushion. The final pellet was
resuspended in 100 mL PBS and stored at -80°C for future
use. Exosomal TBA level was determined by an enzymat-
ic-fluorimetric assay (23) after solid-phase extraction with
Sep-Pak C,, cartridges (24). The intra-assay coefficient of
variation (CV) and inter-assay CV of TBA assay are <7
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and <9%, respectively. Exosomal alanine aminotransfer-
ase (ALT) level was examined with the use of an ELISA
kit (Sigma-Aldrich, MO, USA) as previously reported
(15). The CV and inter-assay CV of ALT ELISA kit are
<8 and <10%, respectively.

Serum aspartate aminotransferase level

Serum aspartate aminotransferase (AST) level was
determined using commercially available ELISA kit
(Sigma-Aldrich).

Statistical analysis

Results were presented as mean = SD. Comparison were
conducted using ANOVA analysis followed by Tukey’s
post hoc test, unpaired two-tailed Student’s 7-test. A receiver
operating characteristic (ROC) curve was measured.

Results

Clinical characteristics

Among 136 patients with ICP, 100 patients with mild
ICP were enrolled in the current study according to the
inclusion criteria. Thirty-six patients were excluded due to
severe ICP (TBA > 40 uM). Clinical characteristics in pa-
tients with ICP as well as healthy controls were presented
in Table 1. Significant statistical differences were found
between healthy controls and ICP patients with respect
to new-born birth weight and gestational age at full term
(P <0.05). Labour was induced in 61 ICP patients, signifi-
cantly higher than that in healthy pregnant women with
merely four incidences of induced labour.

Placental exosomal characteristics

To establish an accurate biomarker for ICP diagnosis, we
isolated placental exosomes and examined levels of exo-
somal ALT and TBA, both of which have been shown to
be involved in ICP (15, 25). First, levels of placental exo-
somal TBA level were compared between the healthy par-
ticipants and patients with ICP (Table 1). It was observed
that TBA level in ICP patients had a trend of elevation
compared to healthy controls, but it was not statistically
significant. On the other hand, level of placental exoso-
mal ALT in ICP patients was markedly higher than that in
healthy controls (Table 1). In addition, serum AST levels
were also measured at both symptom onset and confirma-
tion of ICP diagnosis for all ICP patients (Table 2), which
showed a marked increase.

ROC curve analysis

As shown in Fig. 1, in the analysis for TBA, we calcu-
lated the area under the ROC curve for diagnosing ICP to
be merely 0.561, with 95% confidence interval (CI) 0.481
to 0.641 (P > 0.05). While in the analysis for placental
exosomal ALT (Fig. 2), the area under the ROC curve
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Table 1. Clinical and placental exosomal characteristics in healthy pregnant women and patients with ICP

Placental exosomal ALT, a biomarker of ICP

Characteristics Healthy (n = 100) Mild ICP (n = 100) P
Age at pregnancy (years) 283 +27 304 +3.0 0.4241
Onset of pruritus (weeks) N.A. 283122
Jaundice
Incidence 0 56
Appearance (weeks) N.A. 309+ 1.7
Time of ICP diagnosis (weeks) N.A. 34.1£03
Gestational age at term (weeks) 392+0.7 369+ 0.6 0.0376
Newborn birth weight (kg) 292 + 041 261 £0.24 0.0212
Delivery method
Spontaneous 79 26
Induced 4 6l
Caesarean section 17 13
Placental exosomal factors
TBA (ng/mL) 27.0 £ 16.0 3.1 £189 0.1001
ALT (IUL) 90.6 + 39.1 172.8 + 78.1 0.0007

Results were compared using unpaired two-tailed Student’s t-test, performed on the basis of equal or unequal variance as appropriate.Values are
mean * SD. ICP, intrahepatic cholestasis of pregnancy; N.A., not applicable; TBA, total bile acid; ALT, alanine aminotransferase.

Table 2. Serum AST level at different time points in patients with
ICP

Index At symptom onset At ICP diagnosis

Serum AST (U/L) 726 £7.1 1125+ 9.6

Values are mean * SD.AST, aspartate aminotransferase; ICP, intrahe-
patic cholestasis of pregnancy.
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Fig. 1. Diagnostic values of placental exosomal levels
of TBA in healthy pregnant participants and ICP
patients were analysed by receiver operating characteristic
curves. TBA, total bile acid; ICP, intrahepatic cholestasis of
pregnancy.

for diagnosing ICP was calculated to be 0.813, with 95%
CI 0.751 to 0.875, which was statistically significant (P <
0.001). Hence, we further determined the cut-off value
of TBA to distinguish ICP from healthy pregnancy to be
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Fig. 2. Diagnostic values of placental exosomal levels
of ALT in healthy pregnant participants and ICP patients
were analysed by receiver operating characteristic curves.
ALT, alanine aminotransferase; ICP, intrahepatic cholestasis
of pregnancy.

114.3 TU/L, with 74.0% sensitivity (95% CI 64.3 to 82.3%)
and 74.0% specificity (95% CI 64.3 to 82.3%).

Discussion

Elevation of the serum level of TBA is the most frequently
observed laboratory sign of abnormality in ICP, along
with elevations in ALT (26). ALT was initially character-
ized by Arthur Karmen and colleagues in the mid-1950s
(27). ALT is most concentrated in the liver, catalysing
the alanine cycle. Clinically, ALT is often measured for
diagnostic assessment of hepatocellular injury or used as
biomarkers for liver health together with serum level of
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AST and AST/ALT ratio. With relation to ICP, ALT was
also recently reported as a predictor of adverse perinatal
outcomes in ICP women (25). However, its value as a bio-
marker to predict the onset of ICP has never been stud-
ied. In this context, our current study provides the first
instance of data to support the role of ALT, in particular
its level in placental exosomes during the second trimester
of pregnancy, as an accurate biomarker to predict ICP.

In this study, we have also examined TBA in both healthy
participants and ICP patients. Although it has been sug-
gested that elevation of serum levels of TBA could be em-
ployed as a sign of ICP by several prior studies conducted
on female patients with ICP from other ethnic groups
(11-13), it is not the case in the present study, likely because
the subjects in our current study were entirely of Chinese
ethnics. In fact, the aetiology behind ICP appears hetero-
geneous and is still not completely clear, and a number of
factors such as genetic predispositions have been suggested
in the pathology of ICP (10). In line with this, our data
demonstrated a trend of up-regulation in placental exoso-
mal TBA levels among ICP patients compared to healthy
participants. However, such increase was not statistically
significant, therefore arguing against the use of TBA levels
as a laboratory sign to predict ICP among Chinese patients.
Hence, other biomarkers with sensitivity and accuracy,
while being easily measurable, are urgently needed.

Exosomes function primarily through communica-
tion with both proximal and distal cells to modulate
their phenotype as well as function (28). Investigations
implicated that placental-derived exosomes are crucial
in immune tolerance during either healthy or compli-
cated pregnancies (29). It is suggested that exosomes
exert immune regulatory roles in a successful pregnancy,
based on the variable contribution of placental-derived
exosomes and bioactivity in healthy pregnancies. The
most likely function of placental-derived exosomes is
to modify the bioactivity of target cells that are either
adjacent or distal (30, 31). Therefore, perturbations in
the secretion of exosomes and their cargo contents may
result in profound physiological and/or pathological ef-
fects, through circulation, on various organs and tissues
of human body. In this context, discovery in our study
that placental exosomes and especially their cargo ALT
levels are correlated with incidence of ICP provides yet
another example of the usefulness of exosomes in pre-
dicting and diagnosing pregnancy-related diseases. In
this context, drugs that inhibit exosome secretion may
serve as potential treatment against ICP, which calls for
further investigations. Nevertheless, there are certain
limitations in our current study: 1) full liver function
tests were not included in the analysis; 2) parameters
were analysed using a multivariate analysis. Future study
is to address these issues in a more detailed investigation.
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In summary, in our retrospective clinical study, pre-
dictive values of placental exosomal TBA and ALT were
compared between healthy pregnancies and ICP patients.
To the best of our knowledge, our study is the first of
its kind in investigating the potential utility of placental
exosome in the diagnosis of ICP. More importantly, our
data suggest that, compared to widely known biomarker
TBA, ALT in the placental exosomes is a more accurate
biomarker for distinguishing ICP from healthy controls
with a better compromise between specificity and sen-
sitivity. Our study, therefore, demonstrates the predic-
tive value of placental exosomal ALT levels in women
with ICP.

Acknowledgments
None.

Conflicts of interest and funding
This work was funded by the Local Medical Society Small
Funds (d5.0745).

References

1. Geenes V, Williamson C. Intrahepatic cholestasis of pregnancy.
World J Gastroenterol 2009; 15(17): 2049—-66. doi: 10.3748/
wjg.15.2049

2. Reyes H. Review: intrahepatic cholestasis. A puzzling disorder
of pregnancy. J Gastroenterol Hepatol 1997; 12(3): 211-16. doi:
10.1111/j.1440-1746.1997.tb00410.x

3. Glantz A, Marschall HU, Mattsson LA. Intrahepatic cholesta-
sis of pregnancy: relationships between bile acid levels and
fetal complication rates. Hepatology 2004; 40(2): 467-74. doi:
10.1002/hep.20336

4. Nichols AA. Cholestasis of pregnancy: a review of the evi-
dence. J Perinat Neonatal Nurs 2005; 19(3): 217-25. doi:
10.1097/00005237-200507000-00007

5. Pusl T, Beuers U. Intrahepatic cholestasis of pregnancy.
Orphanet J Rare Dis 2007; 2: 26. doi: 10.1186/1750-1172-2-26

6. Reyes H, Radrigan ME, Gonzalez MC, Latorre R, Ribalta
J, Segovia N, et al. Steatorrhea in patients with intrahepatic
cholestasis of pregnancy. Gastroenterology 1987; 93(3): 584-90.
doi: 10.1016/0016-5085(87)90922-X

7. Mullally BA, Hansen WEF. Intrahepatic cholestasis of preg-
nancy: review of the literature. Obstet Gynecol Surv 2002; 57(1):
47-52. doi: 10.1097/00006254-200201000-00023

8. Ovadia C, Williamson C. Intrahepatic cholestasis of preg-
nancy: recent advances. Clin Dermatol 2016; 34(3): 327-34. doi:
10.1016/j.clindermatol.2016.02.004

9. Riely CA, Bacq Y. Intrahepatic cholestasis of pregnancy. Clin
Liver Dis2004;8(1): 167-76.doi: 10.1016/S1089-3261(03)00131-4

10. Pathak B, Sheibani L, Lee RH. Cholestasis of pregnancy. Obstet
Gynecol Clin North Am 2010; 37(2): 269-82. doi: 10.1016/j.
0g¢.2010.02.011

11. Heikkinen J, Maentausta O, Tuimala R, Ylostalo P, Janne O.
Amniotic fluid bile acids in normal and pathologic pregnancy.
Obstet Gynecol 1980; 56(1): 60-4.

12. Laatikainen T, Tulenheimo A. Maternal serum bile acid levels
and fetal distress in cholestasis of pregnancy. Int J Gynaecol
Obstet 1984; 22(2): 91-4. doi: 10.1016/0020-7292(84)90019-5


http://dx.doi.org/10.37175/stemedicine.v4.i1.157
https://doi.org/10.3748/wjg.15.2049
https://doi.org/10.3748/wjg.15.2049
https://doi.org/10.1111/j.1440-1746.1997.tb00410.x
https://doi.org/10.1002/hep.20336
https://doi.org/10.1097/00005237-200507000-00007
https://doi.org/10.1186/1750-1172-2-26
https://doi.org/10.1016/0016-5085(87)90922-X
https://doi.org/10.1097/00006254-200201000-00023
https://doi.org/10.1016/j.clindermatol.2016.02.004
https://doi.org/10.1016/S1089-3261(03)00131-4
https://doi.org/10.1016/j.ogc.2010.02.011
https://doi.org/10.1016/j.ogc.2010.02.011
https://doi.org/10.1016/0020-7292(84)90019-5

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Rodrigues CM, Marin JJ, Brites D. Bile acid patterns in meco-
nium are influenced by cholestasis of pregnancy and not altered
by ursodeoxycholic acid treatment. Gut 1999; 45(3): 446-52.
doi: 10.1136/gut.45.3.446

Meng LJ, Reyes H, Axelson M, Palma J, Hernandez I, Ribalta
J, et al. Progesterone metabolites and bile acids in serum of
patients with intrahepatic cholestasis of pregnancy: effect of
ursodeoxycholic acid therapy. Hepatology 1997; 26(6): 1573-9.
doi: 10.1002/hep.510260627

Brites D, Rodrigues CM, van-Zeller H, Brito A, Silva R.
Relevance of serum bile acid profile in the diagnosis of intra-
hepatic cholestasis of pregnancy in an high incidence area:
Portugal. Eur J Obstet Gynecol Reprod Biol 1998; 80(1): 31-8.
doi: 10.1016/S0301-2115(98)00086-4

Mays JK. The active management of intrahepatic cholestasis of
pregnancy. Curr Opin Obstet Gynecol 2010; 22(2): 100-3. doi:
10.1097/GCO.0b013e328337238d

Huang WM, Gowda M, Donnelly JG. Bile acid ratio in diag-
nosis of intrahepatic cholestasis of pregnancy. Am J Perinatol
2009; 26(4): 291-4. doi: 10.1055/s-0028-1103158

Mitchell MD, Peiris HN, Kobayashi M, Koh YQ, Duncombe G,
Illanes SE, et al. Placental exosomes in normal and complicated
pregnancy. Am J Obstet Gynecol 2015; 213(4 Suppl): S173-81.
doi: 10.1016/j.aj0og.2015.07.001

Rabinowits G, Gercel-Taylor C, Day JM, Taylor DD, Kloecker
GH. Exosomal microRNA: a diagnostic marker for lung cancer.
Clin Lung Cancer 2009; 10(1): 42-6. doi: 10.3816/CLC.2009.n.006
Xiao D, Ohlendorf J, Chen Y, Taylor DD, Rai SN, Waigel S,
et al. Identifying mRNA, microRNA and protein profiles
of melanoma exosomes. PLoS One 2012; 7(10): e46874. doi:
10.1371/journal.pone.0046874

Tan KH, Tan SS, Sze SK, Lee WK, Ng MJ, Lim SK. Plasma bio-
marker discovery in preeclampsia using a novel differential isola-
tion technology for circulating extracellular vesicles. Am J Obstet
Gynecol 2014; 211(4): 380.e1-13. doi: 10.1016/j.ajog.2014.03.038
Pillay P, Maharaj N, Moodley J, Mackraj 1. Placental exo-
somes and pre-eclampsia: maternal circulating levels in
normal pregnancies and, early and late onset pre-eclamp-
tic pregnancies. Placenta 2016; 46: 18-25. doi: 10.1016/].
placenta.2016.08.078

Mashige F, Imai K, Osuga T. A simple and sensitive assay of
total serum bile acids. Clin Chim Acta 1976; 70(1): 79-86. doi:
10.1016/0009-8981(76)90007-3

Citation: STEMedicine 2023, 4(1): e |57 - http://dx.doi.org/10.37 1 75/stemedicine v4.il.157

24.

25.

26.

27.

28.

29.

30.

31.

Placental exosomal ALT, a biomarker of ICP

Feldmann D, Fenech C, Cuer JE. Evaluation of a sample-prepa-
ration procedure for bile acids in serum and bile. Clin Chem
1983; 29(9): 1694. doi: 10.1093/clinchem/29.9.1694a

Ekiz A, Kaya B, Avci ME, Polat I, Dikmen S, Yildirim G.
Alanine aminotransferase as a predictor of adverse perinatal
outcomes in women with intrahepatic cholestasis of preg-
nancy. Pak J Med Sci 2016; 32(2): 418-22. doi: 10.12669/
pims.322.9057

Dann AT, Kenyon AP, Seed PT, Poston L, Shennan AH, Tribe
RM. Glutathione S-transferase and liver function in intrahepatic
cholestasis of pregnancy and pruritus gravidarum. Hepatology
2004; 40(6): 1406-14. doi: 10.1002/hep.20473

Karmen A, Wroblewski F, Ladue JS. Transaminase activity in human
blood. J Clin Invest 1955; 34(1): 126-31. doi: 10.1172/JCI1103055
Zhang L, Valencia CA, Dong B, Chen M, Guan PJ, Pan L.
Transfer of microRNAs by extracellular membrane microvesi-
cles: a nascent crosstalk model in tumor pathogenesis, especially
tumor cell-microenvironment interactions. J Hematol Oncol
2015; 8: 14. doi: 10.1186/s13045-015-0111-y

Sabapatha A, Gercel-Taylor C, Taylor DD. Specific iso-
lation of placenta-derived exosomes from the circulation
of pregnant women and their immunoregulatory consequences.
Am J Reprod Immunol 2006; 56(5-6): 345-55. doi:
10.1111/5.1600-0897.2006.00435.x

Salomon C, Torres MJ, Kobayashi M, Scholz-Romero K,
Sobrevia L, Dobierzewska A, et al. A gestational profile of
placental exosomes in maternal plasma and their effects on
endothelial cell migration. PLoS One 2014; 9(6): €98667. doi:
10.1371/journal.pone.0098667

Sarker S, Scholz-Romero K, Perez A, Illanes SE, Mitchell
MD, Rice GE, et al. Placenta-derived exosomes contin-
uously increase in maternal circulation over the first tri-
mester of pregnancy. J Transl Med 2014; 12: 204. doi:
10.1186/1479-5876-12-204

*Dr. Rupa Karunanithi

School of Bio Sciences

Kuvempu University

Jnanasahyadri Shankaraghatta 577451
Shimoga, Karnataka, India

Erail: karunanithil 982@hotmail.com


http://dx.doi.org/10.37175/stemedicine.v4.i1.157
https://doi.org/10.1136/gut.45.3.446
https://doi.org/10.1002/hep.510260627
https://doi.org/10.1016/S0301-2115(98)00086-4
https://doi.org/10.1097/GCO.0b013e328337238d
https://doi.org/10.1055/s-0028-1103158
https://doi.org/10.1016/j.ajog.2015.07.001
https://doi.org/10.3816/CLC.2009.n.006
https://doi.org/10.1371/journal.pone.0046874
https://doi.org/10.1016/j.ajog.2014.03.038
https://doi.org/10.1016/j.placenta.2016.08.078
https://doi.org/10.1016/j.placenta.2016.08.078
https://doi.org/10.1016/0009-8981(76)90007-3
https://doi.org/10.1093/clinchem/29.9.1694a
https://doi.org/10.12669/pjms.322.9057
https://doi.org/10.12669/pjms.322.9057
https://doi.org/10.1002/hep.20473
https://doi.org/10.1172/JCI103055
https://doi.org/10.1186/s13045-015-0111-y
https://doi.org/10.1111/j.1600-0897.2006.00435.x
https://doi.org/10.1371/journal.pone.0098667
https://doi.org/10.1186/1479-5876-12-204
mailto:karunanithi1982@hotmail.com

