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Summary Mast cells are present throughout the body in low numbers. We know their role in immediate hy-
persensitivity and the subsequent tissue damage due to release of cytokines, vasoactive amines, and lipid
mediators when mast cells are activated. Recent research has found that there is an association between
an increased concentration of mast cells in the liver and the severity of hepatic fibrosis in animal models.
We currently don’t understand the role of mast cells in the liver with regard to fibrosis. This retrospective
review study investigated whether there is a correlation between stages of fibrosis and mast cell concentra-
tions. One hundred six tissue slides were collected from a large military hospital of known cases of unre-
markable liver, non-alcoholic fatty liver disease (Non-NASH NAFLD), and each stage of NASH (Non-
alcoholic steatohepatitis). These were analyzed by staining the slides with tryptase to highlight and quantify
the mast cell concentration in each diagnostic category. Three pathologists counted mast cells in five 400x
fields (1 square mm) in both the periportal and parenchymal regions of each slide. These numbers were re-
corded and analyzed with a 7 test, demonstrating an increase in mast cells in NASH stage 3—4 fibrosis com-
pared to unremarkable liver (35.48 versus 18.23, respectively, P <.001) and a direct correlation (» = 0.287)
between the number of mast cells and the stage of fibrosis. Better characterizing the role of mast cells in the
development of hepatic fibrosis gives us a greater understanding of the pathophysiology of non-NASH
NAFLD and NASH and possibly a pharmaceutical target.

Published by Elsevier Inc.
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Obesity and metabolic syndrome are increasing worldwide,
leading to an increase in obesity related illnesses including
fatty liver disease. Fat deposition in the liver secondary to obe-
sity can manifest as non-alcoholic fatty liver disease (NAFLD)
[1]. Histologic categories of NAFLD include simple steatosis,
steatosis with inflammation, and steatohepatitis with or
without fibrosis. Nonalcoholic steatohepatitis (NASH) is
characterized by hepatocyte injury in the form of ballooning
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degeneration with or without Mallory-Denk bodies. This
hepatocyte injury can eventually lead to progressive stages
of fibrosis and, ultimately, cirrhosis [2]. Early hepatic fibrosis
is a reactive scarring response to liver damage that impairs
liver function. Cirrhosis is the most advanced stage of fibrosis
in which the liver parenchyma becomes fragmented into
nodules that are separated from each other by bands of scarring
fibrosis [3].

Guidelines published in 2012 by the World Gastroenterol-
ogy Organization suggested that the world prevalence of
NAFLD had doubled over the previous 20 years; at that time,
up to 34% of Americans had some form of NAFLD [4]. More
recent sources estimate the current number of NAFLD cases in
the United States to be closer to 40% [5].

NAFLD is a condition in which excess fat is stored in the
liver, not related to alcohol use. NASH is a form of NAFLD
in which inflammation and hepatocyte damage is present
alongside the fat deposition in the liver. Inflammation and liver
cell damage then causes fibrosis, which may advance to cir-
rhosis [5]. It’s not well understood why steatosis becomes stea-
tohepatitis but there is a 2-hit theory that the first hit is due to
insulin resistance which causes deposition of adipose and the
second hit causes hepatocyte injury, inflammation, and fibro-
sis [6,7]. The multiparallel hypothesis proposed more recently
suggests that NASH is the result of numerous conditions act-
ing in parallel, including genetic predisposition, abnormal
lipid metabolism, oxidative stress, lipotoxicity, mitochondrial
dysfunction, altered production of cytokines and adipokines,
gut dysbiosis, and endoplasmic reticulum stress [8,9].

Previous studies have induced liver steatosis and fibrosis
through chemical means in rats and hamsters and incidentally
noted increased mast cells [7,10,11]. One study then treated
the hamsters that had chemically induced steatosis with a chy-
mase inhibitor, TY-51469. Chymase is a chymotrypsin-like
serine protease that is abundant in secretory granules of mast
cells [12]. After treatment, these hamsters had a decrease in
liver fibrosis, steatosis, and hepatic mast cells, showing that
blocking mast cell mediators may alter the course of fatty liver
disease [7,11].

Mice genetically deficient in mature mast cells have been
found to be resistant to diet induced obesity. They also have
a decrease in inflammatory cytokines, chemokines and macro-
phages in their adipose tissue, indicating that mast cells pre-
cede the proinflammatory mediators [13]. A study by
Divoux et al discovered that mast cells are activated in human
adipose tissue [14]. Upon activation, mast cells secrete an ar-
ray of biologically active mediators. This release occurs within
minutes from pre-formed granules which can be completely or
partially emptied through exocytosis. These granules contain
numerous biologically active compounds, including hista-
mine, lipid mediators, proteoglycans, and proteases like chy-
mases, tryptases, and carboxypeptidases. Activated mast
cells can also generate eicosanoids by enzymatic biosynthesis
from arachidonic acid. They can synthesize and release cyto-
kines, chemokines and growth factors to include IL-3, IL-4,
IL-5, IL-10, IL-13, GM-CSF, TNF-a, TGF-B, CCL2, CCLS,

FGF, and PDGF which occurs over a longer time frame of
hours rather than minutes [15]. These factors attract other in-
flammatory cells and cause collateral damage to surrounding
tissue which leads to scar formation and fibrosis.

Although examined in animal models; to date, there have
been no studies of mast cell concentrations in human patients
with varying levels of fibrosis in fatty liver disease acquired
through natural pathologic processes. This is valuable infor-
mation as important differences exist between animal models
and humans, including the brief timeline to developing disease
as induced by chemicals and the confounding factors present
in humans, such as variable diet and alcohol intake.

There are currently no pharmacotherapies for treatment of
non-NASH NAFLD and NASH that have shown long term ef-
ficacy [16]. Instead, the only treatments offered to these pa-
tients are to make lifestyle changes or seek bariatric surgery.
Once the liver fibrosis becomes so severe that the patient is
experiencing organ failure, the only option is a liver transplant.
Patients often have difficulty with the lifestyle changes, and
not everyone is a candidate for bariatric surgery. Moreover,
an appropriate liver transplant may or may not become avail-
able so identifying a target for pharmacotherapy that could de-
crease the progression of liver fibrosis in non-NASH NAFLD
and NASH is very desirable.

2. Materials and methods

This retrospective review was approved by the institutional
review board before any research activities were conducted.
This study was a randomized, single blinded, retrospective re-
view of tissue samples collected and stored at a large military
hospital from January 1Ist, 2015 to January 31st, 2017. Cases
were identified through the electronic pathology database at
our institution (CoPath, by Cerner, Kansas City, MO) using
the following terms, ‘“unremarkable liver”, “NAFLD”,
“NASH stage 0-17, “NASH stage 27, and “NASH stage 3-
4”. The diagnostic categories were determined as follows:
non-NASH NAFLD with or without inflammation and with-
out balloon cells and NASH was defined as steatosis with in-
flammation and ballooning degeneration of hepatocytes. The
stages of fibrosis and the grade of steatohepatitis were deter-
mined using the Brunt staging criteria [17]. Lobular inflamma-
tion, and ballooning degeneration was graded based on the
NAFLD Activity Score from the Brunt system [17]. Lobular
inflammation was counted in 200x fields averaged over the
length of the core biopsy and graded 0 if no foci of inflamma-
tion were seen, 1 if <2 foci of lobular inflammation were seen,
2 if 2—4 foci were present, and 3 if >4 foci were present. The
unremarkable liver cases had no chronic diseases, normal liver
lab studies, normal imaging, and were negative for pathologic
changes. The selected cases met the following inclusion cri-
teria; they had to have a diagnosis of unremarkable liver,
non-NASH NAFLD, NASH with stage 0—1 fibrosis, NASH
with stage 2 fibrosis, or NASH with stage 3—4 fibrosis.
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Fig.1  Representative photomicrograph of tryptase immunohistochemical staining at 400 in liver portal tracts. A, Tryptase IHC at 400x. Portal
tract in unremarkable liver. B, Tryptase [HC at 400x%. Portal tract in NASH stage 0—1. C, Tryptase IHC at 400x. Portal tract in NASH stage 2. D,
Tryptase IHC at 400x. Portal tract in NASH stage 3—4.

Patients were all between ages 18 and 80 and did not have any liver disease or chronic viral hepatitis, if the remaining paraffin
immunodeficiency, whether it was disease related or drug re- embedded tissue was non-diagnostic or less than 1 square mil-
lated. Cases were excluded if the patient had other coexisting limeter was present on biopsy, and if the original blocks did

Fig. 2  Representative photomicrograph of tryptase immunohistochemical staining at 400% in liver parenchyma. A, Tryptase IHC, 400x. Unre-
markable liver parenchyma. B, Tryptase THC, 400x. NASH stage 0—1, liver parenchyma. C, Tryptase THC, 400x. NASH stage 2, liver paren-
chyma. D, Tryptase IHC, 400x. NASH stage 3—4, liver parenchyma.



132

J. Lombardo et al.

Table 1  Patient demographics for cases reviewed
Mean age Age Range Males Females

Overall 55.72 19-74 54 52
Unremarkable 51.04 19-74 5 5
Non-NASH NAFLD 55.87 34-65 15 10
NASH (Stage 0-1)  51.95 39-67 13 10
NASH (Stage 2) 57.92 23-67 13 11
NASH (Stage 3-4)  58.92 51-71 8 16
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Fig.3  Mean number of mast cells counted by 3 pathologists in var-
ious stages of fibrosis in parenchymal and periportal regions of the
liver. Error bars represent +1 standard deviation.

not have enough tissue for an additional stain to be performed
for the study. Each case from the pathology database was cross
referenced through the institution’s medical record system
(AHLTA, by DHA, Falls Church, VA) to determine whether
they met inclusion and exclusion criteria. Each case was also
reviewed by the same gastrointestinal/hepatic pathologist to
confirm the diagnostic category and ensure consistency
throughout the study groups.

The associated formalin fixed paraffin embedded tissue
blocks were gathered from the on-site tissue storage facility.

A slide was cut from each sample and a tryptase immunohisto-
chemical (IHC) stain for mast cells was performed. The tryp-
tase stain was manufactured by Cell Marque from clone G3.
Representative photomicrographs of IHC staining were cap-
tured on Aperio ImageScope at 400% and are demonstrated
in Figs. 1 and 2. All photomicrographs were captured using
the Aperio ScanScope AT Turbo (Leica Biosystems, location,
CA) at 400 magnification using a 20x FN 26.5 lens with a 2x
doubler. Images were processed using the Aperio ImageScope
software, version 12.

Three pathologists counted the mast cells in 5 high-
power fields involving portal tracts and 5 high-power fields
involving the parenchyma on each slide. Counting in 5
high-power (400x%) fields gives the total number of mast
cells in approximately one square mm of tissue. The total
number of mast cells found in the 5 high-power fields from
the portal tracts and the parenchyma were recorded. Each
pathologist was blinded to the diagnosis and stage of fibro-
sis for each biopsy and the results of the other counting pa-
thologists. The pathologists were only given the tryptase
IHC slide so the amount of fibrosis would not be as apparent
as on a hematoxylin and eosin stained slide to avoid bias. At
the conclusion of the study, patients who received repeat bi-
opsy had their results reviewed for any changes to the orig-
inal stage diagnosis.

Continuous data are presented as mean and standard devia-
tion, and independent 2-sample ¢ tests were performed to
compare the mean between unremarkable liver, non-NASH
NAFLD, and NASH with each stage of fibrosis as well as
between one stage and the next consecutive stage of fibrosis.
A linear regression model was performed to determine
correlation between increasing stages of fibrosis and increas-
ing concentration of mast cells. Interobserver reliability was
calculated using intraclass correlation coefficient to determine
the level of agreement between the 3 pathologists who counted
mast cells. Statistical analysis was performed using Microsoft

Comparison of mean number of mast cells per diagnostic category
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Fig. 4 Mean number of mast cells counted for each diagnosis and region of liver and the associated standard deviation.
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Table 2
NASH stage 3—4

Mean number of mast cells counted in each region and the statistical significance between the respective region and diagnosis versus

Unremarkable liver Non-NASH NAFLD NASH stage 0—-1 NASH stage 2 NASH stage 3—4
Parenchymal 5.17, P <.001 5.4, P <.001 7.2, P= .01 7.35, P <.05 9.25
Periportal 13.06, P <.001 11.28, P <.001 15.26, P < .001 15.2, P <.001 26.24
Total 18.23, P <.001 16.68, P <.001 22.46, P <.001 22.54, P < .001 35.48

Excel 2013 (Redmond, Washington) and SPSS version 22 sta-
tistics software.

3. Results

Record search revealed 10 unremarkable controls, 25 non-
NASH NAFLD, 23 NASH stage 0—1, 24 NASH Stage 2, and
24 NASH stage 3—4 cases after inclusion and exclusion cri-
teria were met. The mean overall age of the study population
was 55.72 years old (range, 19—-74 years) with a male to fe-
male ratio of 1.04:1. The specific age and male to female ratio
for each group is broken down by diagnosis in Table 1.
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Fig.5 Linear regression model of the number of mast cells counted
compared to the progressive stages of fibrosis and the associated R-
squared correlation between data sets.

Seventy-three patients had demographic data on self-
reported alcohol use. Only 18 total patients reported alcohol
use. Non-NASH NAFLD had the highest number of alcohol
use at 9 patients, whereas NASH stage 0—1 only had 3,
NASH stage 2 had 4, and NASH stage 3—4 had 2. There
was no difference in BMI between each group with an overall
mean of 32.5. Patients with unremarkable liver biopsies had a
mean BMI of 27.8, non-NASH NAFLD had a mean BMI of
31.8, NASH stage 0—1 had a mean BMI of 32.9, NASH stage
2 had a mean BMI of 32.7, and NASH stage 3—4 had a mean
BMI of 34.5.

All patients that were tested for Hepatitis A, B, and C were
negative by serology. The mean steatosis increased with in-
creasing fibrosis with NASH stage 3—4 averaging 38.8%,
demonstrated in Fig. 3.

Inflammation varied based on diagnosis; however it did not
increase with increasing fibrosis in NASH. Biopsies deemed
unremarkable all had a lobular inflammation score of 0.
Non-NASH NAFLD’s mean score was 0.68 (range, 0-2),
NASH stage 0—1 mean score was 1.36 (range, 1-2), NASH
stage 2 mean score was 1.53 (range, 1-2), and NASH stage
3—4 mean score was 1.3 (range, 1-2).

The mean number of mast cells counted in unremarkable
liver parenchyma was 18.23 (5.17 parenchymal and 13.06
periportal) (Fig. 4). The mean number of mast cells counted
in non-NASH NAFLD cases was 16.68 (5.4 parenchymal
and 11.28 periportal). The mean number of mast cells counted
in NASH with stage 0—1 fibrosis was 22.46 (7.2 parenchymal
and 15.26 periportal). The mean number of mast cells counted
in NASH with stage 2 fibrosis was 22.54 (7.35 parenchymal
and 15.2 periportal). The mean number of mast cells in
NASH with stage 3—4 fibrosis was 35.48 (9.25 parenchymal
and 26.24 periportal). Statistically significant differences were
most prominent in unremarkable liver versus NASH stage
3—4. NASH stage 3—4 had a mean total 17.25 mast cells more
than unremarkable liver (P < .001) in total. Parenchymal and
periportal showed a 4.08 and 13.17 increase in total mean mast
cells compared to unremarkable liver, respectively (P <.001
for both). Parenchymal mast cells allowed for a statistically
significant difference between unremarkable liver and NASH
stage 0—1 and NASH stage 2 fibrosis, with 2.04 and 2.2 more
mast cells in the fibrotic cases, respectively (P < .02 and P <
.03, respectively). Non-NASH NAFLD cases were not statisti-
cally different from the unremarkable control in periportal, pa-
renchymal, and in total mast cell counts. NASH Stage 3—4 was
significantly different from all other groups (non-NASH
NAFLD, NASH stage 0—1 and NASH stage 2), P < .05 for



134

J. Lombardo et al.

Fig.6 Representative photomicrograph of tryptase immunohistochemical staining at 400x of non-NASH NAFLD comparing nonspecific stain-
ing to definite mast cells illustrating potential pitfalls in stain interpretation. Tryptase IHC of Non-NASH NAFLD liver showing portal tract (A)
and Parenchyma (B). Non- specific staining is seen around the portal tract, picked up by endothelial cells, collagen, and hepatocytes. No mast cells
were counted in A. The parenchyma (B) shows some mast cells and some nonspecific staining of hepatocytes and sinusoids. Hepatocytes (red
arrows) can be distinguished from mast cells by their glycogenated nuclei and polygonal cell shapes. Two mast cells were counted in this field

(green arrows).

all comparisons. See Table 2 for a comparison of means and
statistical significance of NASH stage 3—4 fibrosis compared
to the means of all other categories.

There was no statistical significant difference between
NASH stage 0—1 and NASH stage 2 fibrosis. A total of 12 pa-
tients of 106 received repeat biopsy at the conclusion of the
study. Stage 3—4 accounted for 7 of the biopsies, while the re-
maining 5 were originally diagnosed stage 2. Mean follow up
time was 482 days from original diagnosis (range, 296—832
days). Only 2 patients were recorded to have a change in their
stage of fibrosis. A patient with stage 3—4 fibrosis was stage 2
on subsequent biopsy, and a patient with stage 2 fibrosis was
stage 3 on subsequent biopsy. Both cases had lower than aver-
age mast cell counts in both periportal and parenchymal
regions.

Linear regression models for total, parenchymal, and
periportal mast cells counted showed correlations as fibrosis
increased (R?> = 0.287, 0.211, 0.250, respectively) demon-
strated in Fig. 5.

Interrater reliability calculated as intraclass correlation coeffi-
cient between the 3 pathologists had the highest correlation when
comparing total mast cells counted (» = 0.73). Periportal mast
cell counts were also strongly correlated (» = 0.67). Parenchy-
mal mast cell counts showed weak correlation (» = 0.28).

4. Discussion

The results of our study demonstrated mast cells increase in
number as fibrosis increases. This effect is statistically signifi-
cant and most prominent in NASH stage 3—4 fibrosis. Al-
though it was not statistically significant, the increase in mast
cells between unremarkable liver and early fibrosis (stage
0-2) is notable and could likely show significance if a greater
number of cases were reviewed. Non-NASH NAFLD cases
demonstrated no difference in number of mast cells counted
compared to the unremarkable liver control, suggesting mast

cells play little role in non-NASH NAFLD’s disease process.
Parenchymal mast cells provided the only statistically signifi-
cant indicator in early to late fibrosis, with an average number
of 7 or more mast cells in 1 square millimeter suggesting fibro-
sis. Regardless of where mast cells were found, they only weakly
correlated to increased levels of fibrosis at early stages. This is
likely secondary to their presence not being prominent until stage
3—4 fibrosis was present. Further, the correlation was limited as
number of mast cells was not statistically different between
NASH stage 0—1 and NASH stage 2 in all areas of the liver.

The data also demonstrate the increase in mast cells is not
directly related to an overall increase in inflammation, as the
average NAFLD activity score for lobular inflammation did
not increase linearly with increasing fibrosis. This suggests
the mast cells provide a better indicator of the degree of
NASH than lobular inflammation, which is typically com-
posed of lymphocytes.

At the conclusion of the study, 2 patients of 14 with repeat
biopsy showed a change in stage. Both patients had lower than
average mast cell counts in all liver regions. Interclass correla-
tion coefficient demonstrated strong agreement in total and peri-
portal mast cell counts between the 3 pathologists. The
parenchymal agreement is likely limited to how each patholo-
gist selected the areas to count. Pathologists were to look at 5
random high-power fields and count the mast cells in the paren-
chyma. Adequate liver core biopsies have abundant paren-
chyma in terms of high-power fields, making it likely that the
3 counting pathologists all looked at different high-power pa-
renchymal fields when counting mast cells in the parenchyma,
especially on larger biopsies.

There were 2 notable limitations in the study. First, the tryp-
tase [HC stain was often difficult to interpret, which is a known
issue with non-specific staining with this antibody. A CD117
immunohistochemical stain is much cleaner; however, it
also highlights the hepatic stem cells. As both mast cells and
hepatic stem cells look like intact cells with the CD117 stain,
there is no way to tell them apart. The tryptase stain highlights
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the granules in the mast cells and the nonspecific staining is due
to degranulation. Fig. 6 demonstrates the tryptase IHC stain.

In order to reduce this limitation, the 3 pathologists used a
multiheaded scope to agree on what cells would be counted as
intact mast cells and what staining pattern was just degranula-
tion artifact and would not be counted prior to data collection.

A second limitation involves how fields were selected be-
tween each pathologist. Because slides were independently
reviewed, it is extremely likely each field used was different
between each counting pathologist. Despite this limitation, it
allows for a greater generalizability of the study, as the means
used for statistical analysis likely represent a larger proportion
of each case to a greater degree.

5. Conclusion

Previous studies evaluated mast cells in chemically induced
steatosis and liver fibrosis in rodents. This study is the
first analysis of mast cells and liver fibrosis due to normal
pathologic processes occurring in humans. These data support
the theory that mast cells play an active role in progression
of hepatic fibrosis in humans and identifies a target for
pharmacologic therapy. In this study, only 14 patients had
received repeat biopsy at the time of this publication and only
2 of these patients changed their stage of fibrosis. One patient
increased their stage of fibrosis while the other decreased their
stage of fibrosis. No conclusions can be drawn from only 2
cases and they demonstrated no significant correlation to
mast cell counts and their change in fibrosis stage. Further re-
search is needed to see if mast cell counts can predict future
changes in a patient’s fibrosis stage. Additional studies can
be performed, evaluating mast cells in other causes of chronic
liver disease that lead to fibrosis.
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