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EDITORIAL

Intrahepatic Cholestasis of Pregnancy (ICP) is the most
common pregnancy-related liver disease and is character-
ized by onset of pruritus and elevated serum transaminas-
es and bile acids (BA) in the third trimester of pregnancy.
Symptoms and abnormal liver tests resolve following de-
livery but frequently recur in subsequent pregnancies. Ge-
netic defects of canalicular transporters have been
associated with the development of ICP, which may be
further influenced by gestational hormones. In particular,
the syndrome has been associated in some patients with
heterozygosity for mutations in the genes encoding famil-
ial intrahepatic cholestasis protein-1 FIC1 (ICP-type 1),
bile salt excretory protein (BSEP) (ICP-type 2), and
multidrug resistance protein 3 (MDR3) (ICP-type 3).1 Pa-
tients are classified as mild (BA 10-40) or severe (BA >
40) which has implications with respect to the risk of
perinatal complications. ICP has been associated with
higher rates of premature delivery, meconium staining of
the amniotic fluid, respiratory distress, low Apgar scores,
and stillbirth.2 These complications are increased in
women with severe ICP (BA > 40) while women with
mild ICP have similar rates compared to women without
ICP.3,4 While the mechanisms resulting in fetal complica-
tions remain incompletely understood, studies suggest
that elevated bile acid levels in the circulation play a sig-
nificant role. Animal studies have found that infusion of
cholic acid caused both stimulation of gut motility result-
ing in meconium staining of amniotic fluid and myome-
trial contractility resulting in pre-term labor.5 In two
recently published studies from China, additional risk fac-
tors for fetal complications were found to be early-onset
ICP and concomitant hepatitis B infection.6,7 Interesting-
ly, women who have an episode of ICP, despite post-de-
livery resolution of symptoms, are at increased risk for
development of various hepatobiliary disorders later in
life and require appropriate long-term follow up.8

In this issue, Chen, et al. describe the characteristics of
ICP in the Chinese population. They indicate that, unlike
findings in other populations, assay of serum total bile acid
levels in their patients was not a reliable indicator of ICP.
The present study was designed to identify novel serum
biomarkers in these women. The authors followed a co-
hort of 98 patients diagnosed with ICP based on the pres-
ence of pruritus, elevated serum transaminases and total
serum BA > 14 and a control group of 50 healthy pregnant
women. The patients with ICP were diagnosed as having
mild (N = 50) or severe (N = 48) disease based on the
degree of elevation of serum levels of alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), total bi-
lirubin (TB) and cholyglycine (CG). While serum total
bile acids levels have been found to be useful in the diag-
nosis of ICP in other populations, the authors of this
study were concerned that they did not significantly differ
between healthy pregnant women and women with mild
and severe ICP (Figure 1 in the manuscript). As seen in
the figure, there was very high variability in these levels
within these groups, leading to the concern that consider-
ation of serum bile acids (BA) alone in these groups of
pregnant Chinese women had low diagnostic sensitivity to
differentiate those with ICP from those with normal preg-
nancies in the third trimester. The impact of population-
specific differences in establishing normal ranges of serum
total bile acid levels especially as it relates to diagnosis of
ICP are clear.9 Prior studies, including a study based in
China, evaluating the diagnostic criteria in ICP have found
use of serum total bile acid levels superior to ALT and
AST, which frequently follow bile acid elevations in the
circulation and may represent hepatocellular damage due
to cholestasis.6,10 Cholyglycine (a serum bile acid) and se-
rum bilirubin levels, in addition to ALT and AST, did cor-
relate significantly with disease severity in this population
as shown in table 2 of this report.
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Classification of disease severity has helped to deter-
mine the risk of fetal complications in patients with ICP.
In this study, increased incidence of premature delivery
and decreased newborn birth weight were found in pa-
tients with both mild and severe disease as compared to
births in healthy pregnant women, with the highest rates
occurring in those patients with severe disease. Serum to-
tal bile acid levels were not reported in regards to fetal
complication rate in this study, which is unfortunate as el-
evated serum BA are not only a marker of disease but also
likely play an important role in its pathogenesis. In addi-
tion, ursodeoxycholic acid is the standard treatment of
ICP and serum BA are monitored throughout therapy (in
addition to liver enzymes) to determine successful treat-
ment. The authors do not discuss treatment strategies in
the management of their patients with mild or severe ICP.

In the search for a more sensitive biomarker of ICP in
the Chinese population, the authors found that elevated
serum levels of matrix metalloproteinases MMP-2 and
MMP-9 correlated with the degree of severity of ICP.
MMP-2 and MMP-9 are secreted by the placenta and have
been implicated in various disorders of pregnancy. Prior
studies have shown that alterations of MMP-2 and MMP-
9 levels during pregnancy may result in adverse maternal
and fetal outcomes. The current study has as its basis a re-
cent investigation by these authors in which they found
that MMP-2 and MMP-9 were up-regulated in a rat mod-
el of cholestasis of pregnancy, with an increase of MMP
levels in both the serum and the liver.11 In addition to dis-
eases of pregnancy, MMP-2 and MMP-9 also play a role in
remodeling within the liver and have been studied as po-
tential markers of hepatic fibrosis and/or cirrhosis. Elevat-
ed levels of these MMPs have been found in a number of
liver disorders including hepatitis C, cirrhosis and hepa-
tocellular carcinoma.12-14

In this present study, elevated serum levels of MMP-2
and MMP-9 were quantified and shown to correlate with
the degree of elevation of liver function tests including se-
rum bilirubin, ALT, and AST. It should be noted, al-
though not of major concern regarding this report, that
prior studies have shown that assay of MMPs in plasma is
more accurate than serum determinations as performed in
this study, as MMPs can be variably released from leuko-
cytes and platelets during the preparation of serum fol-
lowing blood clotting in collection tubes.15 As shown in
figure 2, increased levels of MMP-2 and MMP-9 were as-
sociated with worsening disease severity. The patients
within this study were reportedly without chronic or pre-
existing liver disease, including viral hepatitis, suggesting
that these elevations are related to ICP. Based on this asso-
ciation, MMP-2 and MMP-9 appear to provide a sensitive
marker for liver disease. Their specificity for ICP in this
Chinese population will require further study as will de-

termination as to whether there is a direct association of
MMP levels with fetal complication rate. It would have
been interesting to compare MMP levels to total BA and
cholyglycine in order to determine if MMPs are superior
to these standard indicators of disease severity and fetal
complication rate. However, despite this study’s limita-
tions, the finding of elevated MMP-2 and MMP-9 in ICP
is novel and intriguing and suggests that further investiga-
tion to examine these questions may provide important
new insights for diagnosis and management of these pa-
tients in the future.
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