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Gut-liver axis and disease infidelity: A subject worth exploring
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The spectrum of gluten-related disorders is widening and
varies from celiac disease (CeD) to non-celiac gluten sensi-
tivity [1]. While small intestine was thought to be the only
organ involved in patients with CeD, it is now recognized that
the hypersensitivity to gluten is not limited to the small intes-
tine alone and may affect other organs such as skin, brain, and
bones independent of intestinal involvement [2–5]. Dermatitis
herpetiformis and gluten ataxia are the best example of such
phenomena.

In a study published in this issue of the Journal, Maiwall
et al. [6] have reported small intestinal changes in 61 patients
with cryptogenic chronic liver disease (cryptogenic chronic
liver disease 47 and 14 biopsy proven noncirrhotic idiopathic
portal hypertension) and 59 patients with hepatitis B or hepatitis
C virus related cirrhosis as controls. All of them were screened
for CeD using anti-tissue transglutaminase antibody (anti-tTG
Ab) and patients having a positive screening test were invited
for upper gastrointestinal endoscopy and duodenal biopsies
were obtained from them. CeD was diagnosed on the basis of
combination of a positive serology and presence of villous
abnormalities. An unexpectedly high number of both study
subjects (40, 66 %) and controls (17, 29 %) were detected to
have a positive anti-tTGAb. Of them, 37 in the study group and
11 in control group underwent duodenal biopsies, respectively.
Overall, six patients fulfilled the criteria for the diagnosis of
CeD (including two patients with noncirrhotic intrahepatic
portal hypertension [NCIPH]) as compared to none in controls.

Additionally, a significant number of both study subject con-
trols also had villous abnormalities (various grade of villous
atrophy, crypt hyperplasia, and chronic inflammatory cells in
the lamina propria, these changes however were not accompa-
nied by rise in intraepithelial lymphocytes. Such changes were
seen more often in cryptogenic cirrhosis than those with cir-
rhosis due to hepatitis B virus or hepatitis C virus-related
cirrhosis. Of patients with negative anti-tTG antibody who
underwent duodenal biopsies, 4/16 (25 %) of cases and 4/22
(18 %) of controls also showed the presence of villous abnor-
malities. Furthermore, after observing a high anti-tTG Ab
positive in both study group (cryptogenic cirrhosis) and con-
trols (cirrhosis due to HBV or HCV), the authors retested the
serum samples by two different ELISA kits procured from two
different manufacturers and showed also remarkable variability
in the performance of ELISA kits. The anti-tTG antibody was
positive in 16 (31 %) cases and in 15 (38 %) controls by a kit
obtained from Euroimmune and in 12 (23 %) cases and 8
(20 %) controls using kits obtained from Inova.

While Maiwall et al. in the present study have shown that
approximately 10 % of cryptogenic cirrhosis have coexistent
CeD, more importantly, they raise an important question. Is
there a causal relationship between CeD and liver damage,
and if so, then how? They also highlighted two another issues.
Firstly, that many patients with chronic liver disease (CLD)
have some form of enteropathy, irrespective of the cause of
cirrhosis. Secondly, there exists a variability in the perfor-
mance of ELISA done on the same samples using ELISA kits
from different manufacturers.

Liver deals with various antigens and pathogens, which
evade the intestinal mucosal barrier and reach liver via the
portal circulation. Both the small intestine and the liver are
equipped with immune systems and are capable of working as
a single unit of immunological defense and they cross talk
with each other, when needed [7, 8]. This crosstalk between
liver and intestine is the backbone of the “Gut-liver” axis and
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is responsible for providing both a physical and immunolog-
ical wall. Like the hepatorenal axis, the gut-liver axis needs to
be recognized because some autoimmune and inflammatory
diseases of one organ have the potential of affecting another,
symptomatically or silently. While both small and large intes-
tinal diseases such as CeD and inflammatory bowel disease
(IBD) can affect liver as discussed below, liver diseases can
also affect the gut.

The spectrum of involvement of liver in patients with CeD
is known to range from asymptomatic elevation of serum
transaminases to end-stage liver disease. Elevated serum
transaminases have been reported in 24 % to 54 % of patients
with CeD [9–11]. Conversely, up to 9 % of the patients with
chronic unexplained increase in transaminases have been
reported to have CeD [12]. Normalization of transaminases
in them within 6 months to 1 year of gluten-free diet supports
the view that hepatocellular necrosis in these patients is some-
how secondary to gluten peptides [10, 11]. CeD has also been
reported to coexist with other autoimmune liver diseases such
as autoimmune hepatitis, primary biliary cirrhosis (PBC),
and primary sclerosing cholangitis (PSC). Four percent to
6 % of patients with autoimmune hepatitis are reported to
have CeD [11, 13–15]. Similarly, 4 % to 11 % of patients
with PBC have coexistent CeD [12]. Conversely, patients
with CeD have more than three times increased odds of
having PBC compared to the occurrence of PBC in the
general population (0.17 % vs. 0.05 %) [16]. Furthermore,
patients with CeD have 4.5 times increased risk of having
PSC in comparison to general population as shown by a
large population-based cohort study including 13,818 CeD
patients [17]. Furthermore, in patients having a combina-
tion of both autoimmune liver disorders and CeD, symp-
toms of one might precede the other, or even may coexist at
the time of diagnosis and therefore need careful evaluation
[18].

Along with the data presented in the study byMaiwall et al.
[6], there are also several levels of evidences that suggest an
association between CeD with CLD or cirrhosis [17, 19–21].
Patients with CeD are also more likely to die from liver
cirrhosis than the general population [21]. Kaukinen et al.
had reported reversal of hepatic dysfunction after initiation
of gluten-free diet (GFD) in four patients awaiting liver
transplantation, and eventually, three of them were remitted
from liver transplantation list. Furthermore, CeD was
detected in 8 (4.3 %) of 185 patients who underwent liver
transplantation previously and later screened for CeD [22].
In a more recent prospective study, Wakim-Fleming et al.
have reported CeD in 2.5 % of 204 consecutive patients
with biopsy-proven liver cirrhosis [20]. They also demon-
strated improvement in their liver function tests with initi-
ation of GFD in them [20].

Not only in CeD, liver gets affected in IBD too. Two
percent to 8 % patients with IBD show the presence of

autoimmune hepatitis, PSC or overlap syndrome. Moreover,
70 % to 80 % patients with PSC show synchronous or
metachronous IBD [23].

It is now recognized that the alteration in immune func-
tions, both in IBD and CeD, not only affect the epithelium,
but also the blood vessels in the liver and other organs,
leading to thrombotic and thromboembolic manifestations.
The local vasculature connecting these two organs such as
portal vein, hepatic artery, and their branches are likely to
be the site of main involvement in such conditions [24].
While both CeD and noncirrhotic portal fibrosis can coexist
in a patient independent of each other, the co-occurrence of
these two diseases, as in the present study, and a few
previous studies, raises a question if there is a causal rela-
tionship between these two disorders. One can hypothesize,
that the endothelial injury and hypercoagulable state in
some patients with CeD may lead to microvasculature
block/injury causing noncirrhotic idiopathic portal hyper-
tension and major vasculature block causing Budd-Chiari
syndrome, which already have been described to coexist
with CeD at least in some patients [25–28].

The abovementioned evidences while suggest an
association between CeD and spectrum of liver diseases,
morphological changes that occur in the liver however is
not well known except for a study by Jabobson et al. who
have reported histological changes in the liver of 37
patients with CeD having increase in serum transaminases
[29]. Of 37 of these patients, 5 had normal liver on
histological examination, 25 had nonspecific necro-
inflammatory changes in the liver, 6 had chronic hepatitis,
and one had PSC [20].

How exactly immunogenic peptides of gluten lead to liver
dysfunction/damage is not known. While population-based
studies support an association between autoimmune hepatitis,
PSC, and PBC with CeD, the exact reasons of association
between them is not well established. While it is well known
that patient having one autoimmune disease can have another
autoimmune disease, therefore, mere presence of two autoim-
mune diseases in an individual do not confirm causality. The
immune mechanism of the gut-liver axis act differently in
physiological and pathological conditions. In physiological
conditions, the antigens pass through the M cells over the ileal
Peyer’s patches and are then transported to the mucosal lym-
phoid follicles or the mesenteric lymph nodes, where the
lymphocytes are presented these antigens to T-cells. These
activated lymphocytes then express various receptors, as che-
mokine receptor CCR9, integrin α4β7, or vascular adhesion
protein-1 (VAP-1) [8, 30, 31]. These lymphocytes undergo
pre-programmed specific homing either to the intestine or
liver, based on the specific ligands expressed in the organs
for these receptors. For example, while CCL25 and mucosal
addressin cell adhesion molecule 1 (MAdCAM-1) are
expressed in the gut endothelial cells, VAP is expressed in
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hepatic endothelial cells. CCR9 and integrin α4β7 receptor
containing lymphocytes are attracted toward ligands CCL25
and MAdCAM-1 in the intestine, while VAP-1 binds to the
liver VAP [8, 30, 31]. Such a well organized trafficking fails in
many inflammatory and autoimmune diseases as such as CeD
and IBD, where MAdCAM-1, CCL25, or VAP-1 are
expressed non-selectively on both the intestine and the liver.
The co-occurrence of CeD and autoimmune hepatitis can also
be linked through the sharing of class II HLA molecules
encoding for HLA complex genes on chromosome 6 [10].
Furthermore, the entry of antigen also gets aggravated due to
the increased leakiness of the gut both in the active CeD and
cirrhosis of the liver. This leads to simultaneous homing of
immune reactive lymphocytes to both of these organs and
while executing their function, these immune reactive cells
have potential for damaging both the organs [32]. Apart from
selective homing during the physiological state immune
tolerance of the liver and biliary tree prevent an unwanted
inflammatory reaction.

At present, there is no tissue specific marker/staining/
cellular repertoire to support liver damage caused by gluten
peptide. One of the valid requirements for establishing the
association between liver disease and CeD is to demon-
strate reversibility of the liver damage by gluten-free diet.
Further studies are needed to better delineate the pathogen-
esis of liver involvement in CeD. Also, long-term follow
up and paired liver biopsies in patients with coexistent CeD
and liver diseases, while being on strict GFD, would help
in delineating the mechanisms of liver damage in patients
with CeD.

Which are the patients with CLD who should be investi-
gated for presence of concomitant CeD? The reasons for
suspicion of CeD in patients with cirrhosis generally are
presence of chronic diarrhea, short stature, and disproportion-
ately severe anemia or iron refractory anemia in them [18, 19].
Chronic diarrhea in patients with cirrhosis may be caused by
other causes such as bacterial overgrowth and intestinal mu-
cosal edema. Similarly, anemia in cirrhotic patients could be
caused by gastrointestinal bleeding, hypersplenism and ane-
mia of chronic disease. The stunting of growth can well be
explained if liver disease sets in early years of life. Therefore,
most of these manifestations pointing toward presence of CeD
in a patient with CeD can well be explained by cirrhosis itself
and thus alternative causes for such manifestations may not be
considered in a patient with cirrhosis in the particular clinical
setting. Furthermore, as shown in the study by Maiwall et al.
[6], enteropathic changes were seen in large number of pa-
tients with cirrhosis; they however lacked increase in
intraepithelial lymphocytes, which are the essential patholog-
ical factor feature associated with CeD. Because of overlap-
pingmanifestions of cirrhosis and CeD, there is a likelihood of
missing the diagnosis of CeD unless actively considered, if the
main presentation of CeD is like cirrhosis.

The study byMaiwall et al. [6] while has many limitations,
it however has brought some extremely important facts as
described above. A few limitations in the study by Maiwall
et al. [6] necessitates a mention. Firstly, the authors have
clubbed the two different diseases of the liver, such as cryp-
togenic cirrhosis and NCIPH, into one. Furthermore, only a
few in the so-called cryptogenic cirrhosis underwent liver
biopsy, therefore, one cannot be sure how many of them had
NCIPH, if all cryptogenic liver diseases had undergone liver
biopsies. Secondly, because of the variability in the perfor-
mance of anti-tTG Ab estimation by ELISA, authors could
have used anti-endomysial antibody test also. Furthermore, it
will be good to follow up all the patients with cirrhosis and
CeD, especially those six patients who had liver biopsies at the
beginning of the gluten-free diet and then follow them up after
couple of years for any histological resolution with gluten-free
diet. Demonstration of histological resolution of liver lesions
with gluten-free diet will provide stronger evidence to support
an association between CeD and liver diseases.
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