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Abstract
The prevailing view that cirrhosis is irreversible has been challenged. It has been proposed that varying degrees of fibrosis
regression can be achieved if the injurious agent is removed. In the normal liver, glutamine synthetase immunostaining is
present around central veins. In regressed cirrhosis, although fibrous bands between portal tracts and central veins may
largely be resorbed, the abnormal portal tract–central vein adherence often remains. Hence, we hypothesized that aberrant
glutamine synthetase positivity adjacent to portal tracts would help identify regressed cirrhosis. We performed glutamine
synthetase immunohistochemistry on 49 liver specimens (16 regressed cirrhosis, 18 cirrhotic, and 15 normal livers).
Qualification for regressed cirrhosis required the following histologic features: curved, delicate incomplete septa, portal
tract–central vein adhesions, and portal tract “remnants” (portal tracts with no venous branch). Out of 16, 14 regressed
cirrhosis cases had baseline cirrhosis established based on previous biopsy or signs of cirrhosis based on physical exam,
laboratory, and radiological findings. All regressed cirrhosis cases (100%) had areas of aberrant glutamine synthetase
positivity adjacent to portal tracts, indicating that portal tract–central vein approximation had occurred (p < 0.001 compared
to all other categories). No normal cases had glutamine synthetase positivity adjacent to portal tracts, and half of cirrhosis
cases had areas showing features of regression, with focal glutamine synthetase positivity adjacent to portal tracts. Overall,
glutamine synthetase expression showed highly significant differences among the three categories (p < 0.001). This study
shows that aberrant glutamine synthetase positivity adjacent to portal tracts is present in regressed cirrhosis and can be useful
in identifying regressed cirrhosis when it is histologically suspected.

Introduction

Liver cirrhosis affects approximately 1 million adults in the
United States, and is one of the leading causes of chronic

disease worldwide [1, 2]. Over half of all individuals with
cirrhosis are unaware that they have the disease, since it can
be asymptomatic until functional liver decompensation
begins [1, 3]. Symptoms of decompensation are severe, and
include ascites, spontaneous bacterial peritonitis, hepatic
encephalopathy, and variceal bleeding [3]. Mortality from
cirrhosis is high, estimated at >25% per 2-year interval [1].
There are several etiologies of cirrhosis, the most common
of which are alcoholic liver disease, chronic viral hepatitis
(hepatitis B and C), nonalcoholic fatty liver disease, and
hemochromatosis [3].

Cirrhosis is defined as the presence of regenerative
nodules separated by bands of fibrosis. Intervening fibrous
septa distort hepatic parenchyma through the connection of
portal-to-portal, portal-to-central, or central-to-central veins.
The result is the isolation of islands of parenchyma with
associated disruption of normal vascular architecture and
function [4]. Parenchymal extinction lesions are an impor-
tant feature of chronic liver disease and cirrhosis, and are
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believed to be the starting point of the latter disease process
[4, 5]. When the liver is injured and the vasculature is
compromised, the area of injury becomes a parenchymal
extinction lesion or an area with loss of contiguous hepa-
tocytes, as illustrated in Fig. 1. With continuous injury,
numerous parenchymal extinction lesions can develop,
resulting in septal formation and, ultimately, the nodular
fibrosis that in part defines cirrhosis [4, 6].

Historically, cirrhosis has been assumed to be an irre-
versible process. However, this concept of irreversibility
has been challenged in recent years with studies proving

that, with time, some advanced cases can show a significant
decrease in fibrosis [6]. It has been repeatedly shown that
the elimination of the causative injury or the use of effective
treatment can lead to parenchymal regeneration, regression
of fibrosis, and ultimately, clinical improvement [7]. As a
result, some authors now suggest a change in conventional
terminology and to abandon the use of the word cirrhosis
entirely, as it implies an “end-stage” liver disease process
[7]. In a recent study, Sun et al. [8] even proposed a change
in the assessment of liver biopsies, emphasizing the sig-
nificance of addressing the “dynamic changes in fibrosis.”
Their classification system includes categories such as
predominantly “progressive fibrosis” and predominantly
“regressive fibrosis”. All in all, such studies point to a
significant change in perspective, one that is also informed
by significant advances in the treatment of liver disease,
such as direct acting antivirals for hepatitis C [9].

Proposed histologic features of cirrhosis regression,
include delicate incomplete fibrous septa; reduction in
portal tract collagen and loss of portal veins; hepatocyte
migration (hepatocytes in close proximity to hepatic
arteries and bile ducts); morphologically different popu-
lations of hepatocytes in adjacent nodules; and, impor-
tantly, an approximation of central veins to portal tracts
[6] (Fig. 1).

In light of advancements in the treatment of liver dis-
eases, the histologic manifestations of regression may begin
to be encountered more frequently. Pathologists should be
aware of this phenomenon and of these histologic changes
in order to provide clinicians with important information
that could help guide appropriate management.

Identifying regressed cirrhosis, however, can be chal-
lenging. Anticipating that juxtaposition of ventral veins to
portal triads is a cardinal feature of regression, and knowing
that glutamine synthetase expression is characteristically
limited to pericentral hepatocytes in normal livers, we
hypothesized that perivenular glutamine synthetase immu-
noreactivity in a periportal distribution might be a marker of
regression that could be applied to biopsy and excision
specimens.

Materials and methods

This study was approved by the Human Subjects Research
Division, Institutional Review Board (IRB), University of
Washington Medical Center, (Seattle, WA, USA). Depart-
ment of Pathology databases were searched for patients with
the following histologic diagnosis: normal liver; features of
regression; and, cirrhosis. Additional cases drawn from
similar searches were also obtained from the University of
California San Francisco Medical Center (San Francisco,
CA, USA). Regression cases were evaluated for three main

Fig. 1 Diagram depicting progression of normal liver (a) from injury
to resorption/regression. Chronic injury leads to parenchymal extinc-
tion and the eventual approximation of portal tracts to central hepatic
veins (b, c); there is then obliteration of portal veins and fibrous
adhesion formation between the portal tract and central vein, which
may expand over time (d, e); when regression occurs (f), there is
resorption of fibrous septa, but the portal–central vein approximation
remains; adapted with permission from Wanless et al. [6]
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criteria as defined by Wanless et al. [6]: delicate incomplete
fibrous septa; portal tract remnants with loss of portal veins
(estimating the percentage of obliterated portal veins in
approximately 10 portal tracts/section); and, veno-portal
approximation. All cases of cirrhosis demonstrated well-
formed parenchymal nodules surrounded by fibrous bands.
We also examined whether there was histologic evidence of
central vein obliteration.

Liver specimens from 49 patients were included in this
study. The mean age of patients (30 males and 19 females)
was 57 years. Etiologies for liver disease included hepatitis
C virus (n= 19), hepatitis B virus (n= 2), cryptogenic
cirrhosis (n= 4), nonalcoholic steatohepatitis (n= 4),
alcoholic cirrhosis (n= 7), and autoimmune hepatitis (n=
2). In the regressed cirrhosis group, three patients had
hepatitis C treatment with viral eradication, one patient had
hepatitis B treatment, and two alcoholic cirrhosis patients
had stopped drinking (with reliable clinical documentation

of prolonged sobriety). Additional clinical information
obtained included the presence or absence of varices, the
presence or absence of ascites, platelet count (categorized
into counts less than or greater 150 × 109/L), and albumin
values (categorized into values less than or greater than
3.5 g/dL). These clinical parameters were given a score of
1 or 0. (1: presence of varices, presence of ascites, platelets
< 150 × 109/L and albumin < 3.5 g/dL and clinically sus-
pected cirrhosis; 0: absence of varices, absence of ascites,
platelets > 150 × 109/L and albumin > 3.5 g/dL and no
clinically suspected cirrhosis). Of the 49 cases, 16 were
regressed cirrhosis cases, 18 were cirrhosis cases and 15
were architecturally intact, non-inflamed liver parenchyma
from resections for neoplasm, constituting our “normal”
cases. There were 44 explants/resections and 5 biopsies.
Regressed cirrhosis cases consisted of 4 biopsies and 12
explants/resections, while cirrhosis cases consisted of 1
biopsy and 17 explants/resections (Table 1).

Table 1 Etiologies and clinical information for cases used in the study

Etiologies for liver disease included Hepatitis C virus (n= 19), Hepatitis B virus (n= 2), cryptogenic cirrhosis (n= 4), nonalcoholic steatohepatitis
(n= 4), alcoholic hepatitis (n= 7), and autoimmune hepatitis (n= 2).
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Slides prepared from one representative block of each
case (randomly chosen if multiple blocks were available)
were stained with hematoxylin-eosin and Masson’s
trichrome, the latter to evaluate the extent of fibrosis. An
immunohistochemical assay for Glutamine synthetase
(clone 6: total protein concentration of ~10mg/ml; BioCare
Medical, Pacheco, CA, USA) was also performed, using a
polymer-based immunoperoxidase method (Leica Bond
Polymer Refine Detection Kit, Leica Biosystems Inc., Buf-
falo Grove, IL, USA) and a hematoxylin counterstain.
Immunohistochemical stains were performed on the Bond III
testing platform (Leica, Buffalo Grove, IL). Cases demon-
strating aberrant positive staining around portal tracts on
glutamine synthetase immunohistochemistry were given a
score of 1, while those that did not show this approximation
were given a score of 0. Chi-square (χ2) or Fisher’s exact
tests were used to determine differences in glutamine syn-
thetase status among different histologic fibrosis categories.
All statistical analyses were performed using R v3.3.1.
(R Foundation for Statistical Computing, Vienna, Austria).
p Value < 0.001 was considered statistically significant.

Results

All histologic features of regressed cirrhosis, including
obliteration of the portal vein (up to 60% of portal veins
obliterated of multiple cases examined), delicate incomplete
fibrous septa and veno-portal approximation, were present
in the regression cases (Fig. 2). Of the central veins
recognized in regressed cirrhosis cases, there was no evi-
dence of venous obliteration. While the majority of cirrhosis
cases showed classical histologic features of cirrhosis
(parenchymal nodule formation with bridging fibrosis), a
number of these cases also demonstrated at least some
features of regressed cirrhosis.

All cases of regressed cirrhosis had aberrant glutamine
synthetase immunoreactivity around or adjacent to portal
tracts, consistent with approximation of central vein to
portal tract (Fig. 3a, b). No cases with normal parenchymal
architecture had aberrant glutamine synthetase positivity
around portal tracts; rather, all showed the expected pattern
of glutamine synthetase staining around central veins
(Fig. 3d). Nine (50%) of the cirrhotic cases had focal

Fig. 2 a Hematoxylin and eosin
of regressed cirrhosis case (low
power view), demonstrating the
absence of classical features of
cirrhosis (lack of well-formed
parenchymal nodules and
bridging fibrosis). b, c Masson
trichrome of regressed cirrhosis
cases highlighting delicate,
incomplete fibrous septa.
d, e Hematoxylin and eosin of
regressed cirrhosis cases (higher
power views) demonstrating the
obliteration of portal veins and
veno-portal approximation,
respectively
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glutamine synthetase immunoreactivity around portal tracts
(Fig. 3c). In seven of these nine cases, review of H&E stains
prompted by the latter observation identified areas con-
taining histologic features of regression (most often the
presence of more delicate and focally perforated fibrous
septa). Remaining cirrhotic cases had almost complete loss
of glutamine synthetase or only perivenular reactivity
(Fig. 3e, f) (Table 2). A chi-square test showed statistically
significant differences in glutamine synthetase immunor-
eactivity around portal tracts between regressed cirrhosis,
cirrhosis, and normal livers (p < 0.0003).

Discussion

As proposed by Wanless et al., the progression of liver
injury to cirrhosis and subsequent regression follows a
reproducible sequence: ongoing liver injury leads to
advanced-stage disease and cirrhosis with parenchymal
extinction; the death of hepatocytes and liver parenchyma

results in the approximation of the central veins to the portal
tracts; fibrotic bands then replace dead regions of par-
enchyma, resulting in adhesions between the approximated
portal tracts and central veins; concurrent loss of associated
portal veins leaves portal tracts composed of just a hepatic
artery and bile duct; eventually, hepatocytes begin to
regenerate and proliferate, allowing for the resorption of
thick fibrous bands and leaving behind thin and delicate
incomplete fibrous septa. Although regression in cirrhosis

Fig. 3 a, b Glutamine synthetase
immunohistochemistry of
regression cases demonstrating
positive glutamine synthetase
staining around portal tracts.
c Glutamine synthetase
immunohistochemistry of a
cirrhosis case with focal,
aberrant glutamine synthetase
staining around portal tract.
d Glutamine synthetase
immunohistochemistry of
normal cases demonstrating
expected glutamine synthetase
staining around central veins,
with no positive staining
identified around portal tracts.
e Glutamine synthetase
immunohistochemistry of
cirrhosis cases demonstrating
complete loss of glutamine
synthetase staining with
f Masson trichrome highlighting
nodular regeneration and fibrosis
(demonstrating classic histologic
features of cirrhosis)

Table 2 Summary of results of glutamine synthetase
immunohistochemistry performed on all cases. Ratios depict cases
with glutamine synthetase positivity around portal tracts out of total
number of cases per category

N= 49 Portal tract positivity
for Glutamine synthetase

Regressed cirrhosis (N= 16) 16/16 p < 0.0003

Cirrhosis (N= 18) 9/18 (aberrant, focal)

Normal (N= 15) 0/15
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involves significant parenchymal regeneration and resorp-
tion of fibrosis, the hepatic architecture does not revert to a
completely normal state. Rather, because of parenchymal
extinction in earlier phases of advancing fibrosis, the
resorption of fibrous septa typically results in the approx-
imation of the central vein to the portal tract [5, 8, 10–12].

Unfortunately, the histologic features of regression may
not always be easy to identify. While the lack of thick
fibrosis and parenchymal nodule formation is clear, the
proposed histopathologic features of regression distinct
from normal may be challenging to recognize, even for an
experienced pathologist. Hence, although certain aspects of
a case may contain features that are suspicious for regres-
sion, a definitive diagnosis of “regressed cirrhosis” is not an
easy one, especially in tissue samples of limited size. In this
setting extra-morphologic clues or techniques that augment
standard histomorphology, such as immunohistochemistry,
may be of particular value (Fig. 4).

Glutamine synthetase is an enzyme that is normally
expressed in hepatocytes that surround central veins and its
expression is associated with activity of the Wnt/β-catenin
pathway. An activated Wnt pathway induces glutamine
synthetase transcription factors.

Nonperivenular overexpression of glutamine synthetase
in hepatocytes has been linked to focal nodular hyperplasia
and neoplasms (hepatocellular carcinoma), which may be
related to aberrant activation or mutation in the Wnt/β-
catenin pathway. In liver that is regnerating, β-catenin is
activated in hepatocytes surrounding central veins [13, 14].
This then stimulates glutamine synthetase transcription
factors and ultimately results in perivenular expression of
glutamine synthetase. Studies have noted both increased
glutamine synthetase expression in damaged and regener-
ating hepatocytes, as well as complete loss of expression in
cirrhotic livers [13, 15]. A study by Fleming et al. [13]
proposes the loss of endothelium–hepatocyte proximity/
contact in cirrhosis to account for loss of glutamine
synthetase expression. Knowing both the normal pattern of
glutamine synthetase expression and the implications of
deviation from normal staining, we employed immunohis-
tochemistry to determine if changes in the expression of
glutamine synthetase might aid in the identification of what
in our experience is the most often cryptic histologic feature
of regression: the juxtaposition of central veins to portal
triads. Since increased glutamine synthetase immunor-
eactivity is expected around central veins in regenerating
hepatocytes, we hypothesized that when the aberrant
approximation of the central vein to portal tract is present in
post-cirrhotic liver, there should be significant increased
glutamine synthetase staining around portal tracts. Thus, the
presence of glutamine synthetase around or immediately
adjacent to portal tracts, might serve as evidence of
ongoing or complete regression.

In this study, all examples of regressed cirrhosis had
the pathognomonic hematoxylin and eosin-based histo-
logic features of this condition, including delicate
incomplete fibrous septa, absent portal veins, and central
veins in close proximity to portal tracts. The majority of
these cases also had either a previous liver biopsy that was
typical of cirrhosis, or a high clinical suspicion for
advanced stage liver disease. Glutamine synthetase
immunoreactivity was always present around portal tracts
in regressed cirrhosis cases, supporting the potential for
glutamine synthetase to be used as a marker of the
approximation of central vein to portal triad in this
setting. In contrast, our cases of cirrhosis (all of which
demonstrated the expected histology of cirrhosis with
well-formed nodules and thick fibrosis) were typically
completely negative for glutamine synthetase, though nine
cases exhibited faint, focal staining around portal tracts
with or without aberrant reactivity scattered throughout
the parenchyma. Given that regeneration in advanced
fibrosis and regression appear to represent a continuum of
change, this finding is not entirely unexpected. It also
supports the changing perspective regarding chronic liver
disease, most notably described by Quaglia et al. [7], as
our emphasis shifts towards a “dynamic balance between
the deposition of extracellular matrix in the setting of
disease progression or extracellular matrix resorption…”.
Furthermore, it is important to note that varying, aberrant
patterns of glutamine synthetase expression have been

Fig. 4 Algorithm of proposed mechanism for utilization of glutamine
synthetase immunohistochemistry for presumed cirrhosis cases with
features suggestive of possible regression
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shown in advanced cirrhosis cases, particularly interface
glutamine synthetase expression in association with
severe cholestasis as well as hepatocyte progenitor cell-
associated glutamine synthetase expression in chronic
liver disease [13]. Fleming et al. [13] describe the latter
hepatocyte progenitor cell-associated glutamine synthe-
tase expression pattern as aggregates of glutamine
synthetase-positive hepatocytes, “buds,” seen mostly in
areas of parenchymal extinction, and thought to be arising
from/budding off of stem cells located in ducts. These
patterns of glutamine synthetase expression are distinct
from the perivenular glutamine synthetase reactivity jux-
taposed to portal tracts that typifies regressed cirrhosis.
Finally, in our normal liver cases, no glutamine synthetase
immunoreactivity was observed around portal tracts;
rather, these cases exhibited the expected normal pattern
for glutamine synthetase around central veins.

While our study included cases encompassing a variety
of etiologies for advanced liver disease, primary biliary
cholangitis, and primary sclerosing cholangitis were
excluded because the pattern of fibrosis in these disorders
differs from other common causes of cirrhosis due to
hepatitic injury. In contrast to the pattern of parenchymal
extinction, fibrosis, and juxtaposition of central and portal
elements assessed in our study, these entities are associated
with porto-central relationships that are for the most part
maintained [7].

Advancements in medical therapies have introduced an
era in the pathology of advanced stage hepatic disease,
where a post-cirrhotic stage of liver injury is likely to
become increasingly common. This new age has been
heralded by the introduction of effective eradication therapy
for hepatitis C, a setting in which the regression of cirrhosis
may define the morphology of liver biopsies in ongoing
disease management and in explanted livers for patients still
requiring a liver allograft. With the latter in mind, we
anticipate that regression of cirrhosis may become more
prevalent in selected hepatectomy specimens, and the
absence of cirrhosis will undoubtedly be a source of con-
fusion. It is thus increasingly important for pathologists to
be able to anticipate and recognize the salient histologic
features of regression. While we might reasonably expect
that we will improve our skills in detecting these features
over time, our ability in the short term to augment those
skills with reproducible markers of regression will benefit
not only the practice of pathology, but also the care of our
patients. We believe that our demonstration of a char-
acteristic immunohistochemical pattern in regression—the
presence of immunoreactivity for glutamine synthetase
adjacent to portal structures as a surrogate marker for veno-
portal approximation, is a potential bridge to guide us to a
more confident diagnosis of regression of cirrhosis in cur-
rent medical practice.
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