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ABSTRACT

The utility of gastric biopsy for diagnosing IgG4-related gastrointestinal disease (IgG4-
GID) remains unclear. Bottom-heavy plasmacytosis (BHP) is a distinct feature of IgG4-
GID. To clarify the feasibility of using gastric biopsies to diagnose BHP in IgG4-GID, we
analyzed the histological features and immunostaining of gastric biopsy specimens from
31 known IgG4-related disease (IgG4-RD) patients and we assessed the presence of BHP
in 1,696 consecutive routine gastric biopsies. Cases with both >10 IgG4-positive plasma
cells per high-power field and an 1gG4/IgG-positive ratio >40% were defined as 1gG4-
high. Ten of the 31 IgG4-RD patients were concluded to have IgG4-GID, in which IgG4-
positive plasma cells were notably detected at the deeper part of the mucosa. Six cases
displayed BHP whereas the remaining four cases showed transmural infiltration with
concomitant Helicobacter pylori-associated gastritis. In addition to BHP, we identified
two unique histologic features for [gG4-GID: plasmacytic aggregation in the muscularis
mucosae and permeative plasmacytic infiltration between fundic glands in the non-
atrophic mucosa. Six of the routine cases (0.35%) displayed BHP, including a case with
IgG4-RD. IgG4-GID can be suspected by the presence of gastric biopsy specimens with
characteristic histological features. Such cases are recommended to undergo further

examinations to determine whether IgG4-RD is present.
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INTRODUCTION

IgG4-related disease (IgG4-RD) is a systemic inflammatory condition of unknown
etiology characterized by elevated serum IgG4 levels and the infiltration of numerous
IgG4-positive plasma cells in affected organs. IgG4-related gastrointestinal (GI) disease
(IgG4-GID) is rare, but it has been reported anecdotally. In fact, various clinical
manifestations, such as ulcerations,'” polyps,®® wall thickening,’!® submucosal tumors
(SMTs),! 727 GI obstruction,?33? vasculitis,?! fistulas,>> 3> and the infiltration of IgG4-
positive plasma cells without morphologic abnormalities,** have been reported in IgG4-
GID. As a matter of fact, most cases of IgG4-GID do not exhibit other organ involvement
as observed in IgG4-RD cases; thus, it is unlikely that all these cases represent genuine
IgG4-GID. Especially, the infiltration of IgG4-positive plasma cells has also been shown
in several IgG4-unrelated GI diseases including inflammatory bowel disease, celiac
disease, Rosai-Dorfman disease, and Cronkhite-Canada syndrome.35'37 Storiform fibrosis
and obliterative phlebitis are helpful histological features for diagnosing 1gG4-RD, but
they are not commonly found in reported IgG4-GID cases.

Two histological findings, striated inflammatory lesions in the muscularis propria and
bottom-heavy plasmacytosis (BHP) in the mucosal lamina propria (MLP), were recently
reported as characteristic features of IgG4-GID in surgically resected specimens of
patients with known IgG4-RD.*® BHP displays a unique inflammatory pattern in which
plasma cells primarily infiltrate the bottom to middle portion of the MLP, which is distinct
from Helicobacter pylori (HP)-associated gastritis, which predominantly displays
plasmacytic infiltration into the superficial portion of the MLP.

To date, the utility of gastric biopsy for diagnosing IgG4-GID has not been fully studied.

Several studies have reported the infiltration of IgG4-positive plasma cells in gastric



biopsy specimens from IgG4-RD patients, mainly those with type 1 autoimmune
pancreatitis (AIP).3°*® However, mere infiltration of IgG4-positive plasma cells is
currently considered nonspecific and worthless for the diagnosis of IgG4-GID. We
speculate that gastric biopsy may be beneficial for the diagnosis of IgG4-GID in cases
where histological (BHP) and immunohistochemical analyses are consistent. Uehara and
colleagues reported a study supporting a similar view by observing diffuse or deeper
mucosal infiltration of mononuclear cells and IgG4-positive plasma cells in the deeper
portion of the MLP in gastric biopsy specimens from AIP patients.**

To clarify the feasibility of using gastric biopsies to diagnose BHP in IgG4-GID, we
analyzed gastric biopsy specimens from known IgG4-RD patients. We also evaluated
consecutive routine cases throughout the year to clarify the frequency and specificity of

BHP observed in gastric biopsies.

MATERIALS AND METHODS
This study was approved by the Ethical Review Boards of Kurashiki Central Hospital
(KCH) and Shinshu University and was performed in accordance with the ethical
standards of the Declaration of Helsinki. The acquisition of patients' informed consent

was waived, but an opt-out policy was used.

Case selection for retrospective evaluation of gastric biopsy specimens of patients
with known IgG4-RD

The pathological and clinical databases from KCH were searched for I[gG4-RD patients
who visited the hospital between 2009 and 2019. The diagnosis of IgG4-RD was

considered definite or probable based on comprehensive diagnostic criteria*’ or organ-



specific diagnostic criteria for AIP, IgG4-related sialadenitis, IgG4-related sclerosing
cholangitis, and IgG4-related kidney disease.**>! Among the identified patients, we
selected those who had undergone gastric biopsy or endoscopic resection procedures. We
also included below-mentioned cases which were a part of the prospective serial
evaluation as applicable. Clinical data were gathered by chart reviews. Cases from
Shinshu University Hospital (SUH) were similarly selected from the clinical records
between 2008 and 2014.

IgG4 (mouse monoclonal antibody, MRQ-44, prediluted; Cell Marque corporation,
Rocklin, CA, USA; The binding site, Birmingham, UK) and IgG (rabbit polyclonal,
prediluted; Cell Marque corporation; Dako, Glostrup, Denmark) were immunostained

with autostainer (Ventana BenchMark ULTRA; Ventana Medical Systems, Inc., Tucson,

AZ, USA) or manually. The numbers of IgG4-positive plasma cells and IgG-positive
plasma cells per high power field (HPF) were counted at a hot spot of IgG4-positive
plasma cells. Cases satisfying both >10 IgG4-positive plasma cells/HPF and an
IgG4/IgG-positive ratio >40% criteria were defined as IgG4-high. Cases with <10 1gG4-
positive plasma cells/HPF or an 1gG4/IgG-positive ratio of <40% were defined as [gG4-

low.

Control case selection

To serve as a control, we selected gastric biopsy specimens of chronic gastritis and
extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT
lymphoma), both of which often reveal a numerous plasmacytic infiltration in gastric
biopsies. Forty consecutive biopsies with chronic gastritis that contained more than 30

plasma cells per HPF were selected from the same routine gastric biopsy series as the



prospective study. Twelve MALT lymphoma cases with marked plasmacytic infiltration
among 30 MALT lymphoma cases diagnosed in KCH between 2015 and 2019 were
included. The monoclonality of plasma cells was confirmed by immunostaining of kappa
(rabbit polyclonal antibody, 1:10,000; Dako) and lambda (rabbit polyclonal antibody,
1:20,000; Dako) in MALT lymphoma cases. IgG4 and IgG-positive cells per HPF were

similarly evaluated to the IgG4-RD cases.

Histological and immunohistochemical analysis of the IgG4-RD and the control
cases

Slides stained with hematoxylin and eosin were reviewed by three pathologists (KU, KN,
and JI) and were classified into one of the following four patterns of inflammation: 1)
BHP with plasma cells aggregated at the supra-muscularis mucosae region but not at the
superficial portion, 2) transmural inflammation with uniform plasmacytic infiltration
throughout the MLP, 3) superficial inflammation with plasmacytic infiltration limited in
the sub-foveolar mucosal region, and 4) minimal inflammation with low numbers
(<20/20,000 pm?) of plasma cells. The three pathologists separately determined the
inflammation pattern for each case. In cases of disagreement, a consensus was reached
by observing the slides together with a multi-headed microscope. The classification of
inflammation patterns was not applied to the MALT lymphoma cases. Presence of the
aggregation of plasma cells (more than 5 cells) in the muscularis mucosae, presence of
the permeation of plasma cells between the non-atrophic fundic glands and eosinophil
counts per HPF were recorded. The numbers of IgG4-positive plasma cells and IgG-
positive plasma cells per 20,000 um? were counted separately at the superficial (sub-

foveolar regions) and deeper (supra-muscularis mucosae region) parts of the mucosa. Of



note, using an objective lens with an ocular field number of 26.5, the area per HPF is

344,716 um?.

Prospective evaluation for BHP in consecutive gastric biopsy specimens obtained
throughout a one-year period

All gastric biopsy specimens submitted between June 2018 and May 2019 at KCH were
prospectively evaluated by two pathologists, KN and JI, to identify cases with BHP.
Specimens with neoplastic diseases were excluded. Clinical chart reviews were
performed for cases with BHP. The plasmacytic aggregation in the muscularis mucosae,
the permeation of plasma cells between the non-atrophic fundic glands, and eosinophil
counts per HPF were recorded. The IgG4-positive plasma cells and IgG-positive plasma

cells per HPF were similarly counted to the I[gG4-RD cases.

Statistical analysis

The Mann-Whitney U-test was used to compare continuous variables between two
independent groups. Fisher’s exact test was used to test the association between two
variables. The statistical analyses were performed using R. Probability (p)-values of

<0.05 were considered statistically significant.

RESULTS
Retrospective evaluation of gastric biopsy specimens of patients with known IgG4-
RD
We collected 51 gastric biopsy specimens and 2 endoscopic resection specimens (42 from

KCH and 11 from SUH) from 31 IgG4-RD patients (20 from KCH and 11 from SUH).



Four specimens with only gastric cancer tissue were excluded. The clinical profiles of
these patients are summarized in Table 1. One case was a solitary gastric lesion with
striated inflammation in the muscularis propria observed in the surgical specimen of
gastric cancer; the case was definitively diagnosed with IgG4-RD based on the
comprehensive diagnostic criteria. Most of the biopsies were performed to rule out
malignancy. In three cases, endoscopy revealed SMTs, but the lesions were not evaluated
further nor were they surgically excised. Other lesions, such as thickened muscularis
propria or inflammatory pseudotumor, which were previously reported in IgG4-GID
cases®® were not detected.

Six cases were excluded from the immunohistochemical evaluation due to an artificial
crushing of plasma cells or background staining (Table 2).5> Ten of the 25 cases with
satisfactory immunohistochemical results were classified as IgG4-high (Table 3).

BHP was identified in nine cases (Fig. 1a). Two of those nine cases partly showed a
transmural inflammation pattern as well. Furthermore, a transmural pattern was noted in
14 other cases (Fig. 1c1482, 2a). A superficial inflammation pattern that was consistent
with HP-associated chronic gastritis was identified in two cases (Fig. 2c, d). The
remaining six cases displayed a minimal inflammation pattern. HP-negative cases tended
to show BHP whereas HP-positive cases tended to display a transmural inflammation
pattern (Table 2). No storiform fibrosis or obliterative phlebitis were detected in any of

the specimens.

IgG4-high cases
The average number of IgG4-positive plasma cells was 50.9/HPF (range 13-72/HPF),

and the average 1gG4/1gG-positive ratio was 80.7% (range 44.8—-127.7%). Histologically,



the IgG4-high cases showed BHP (six cases, including one case which partially displayed
transmural inflammation) or transmural inflammation pattern (four cases). However, in
both groups, IgG4-postive plasma cells infiltrated the deeper mucosa (average
19.16/20,000 pm?) rather than the superficial mucosa (average 1.77/20,000 um?) (p <
0.001) (Fig. 1b, d). There was marked infiltration of IgG4-positive plasma cells
throughout the deeper MLP in nine cases; however, the infiltration was patchy in the
remaining case. Corticosteroid therapy had not been administrated in all of the cases.
Seven of the 31 IgG4-RD cases showed plasmacytic aggregation within the muscularis
mucosae (Fig. 1e). All of the seven but one case with unsatisfactory immunostaining were
classified as IgG4-high, and plasma cells in the muscularis mucosae were IgG4-positive.
The permeation of plasma cells between fundic glands (Fig. 1f) was observed in three
cases. These three cases were all classified as IgG4-high, and plasma cells permeating the
fundic glands were IgG4-positive.

There were significantly more eosinophils (50.6 + 21.3/HPF, range 15-86/HPF) in the
IgG4-high cases (Fig. la, e, ) than in the IgG4-low cases (26.8 = 12/HPF, range 0—
67/HPF) (p < 0.05), in the control chronic gastric cases (14.1 = 11.8/HPF, range 0—
54/HPF) (p < 0.001), or in the MALT lymphoma cases (17.9 = 16.9/HPF, range 3—

55/HPF) (p < 0.05).

IgG4-low cases

By contrast to the IgG4-high cases, the 15 IgG4-low cases revealed primarily transmural
inflammation (eight cases), followed by minimal inflammation (six cases) and BHP (one
case, which also partially displayed transmural inflammation) (Supplementary Table 1).

There were few IgG4-positive plasma cells in the eight cases with transmural



inflammation (average of 3.75, range 0—9/HPF) (Fig. 2b) and in the six cases with a
minimal inflammation pattern (0—6/HPF). IgG4-postive plasma cells infiltrated the
deeper mucosa (average 1/20,000 um?) were not significantly different to the superficial
mucosa (average 0.53/20,000 um?) (p = 0.72). The IgG4-low case with a BHP pattern
(case L1, Supplementary Table 1), in which 12 IgG4-positive plasma cells per HPF, and
30.7% of 1gG4/1gG-positive ratio were present, was receiving corticosteroid therapy. All

three cases that were taken under corticosteroid therapy were classified as IgG4-low.

Chronic gastritis cases

All of the 40 cases showed endoscopic features that were compatible with HP-associated
atrophic gastritis. Twenty-five and 15 cases displayed transmural and superficial
inflammation. The average number of IgG4-positive plasma cells was low (1.7 + 7/HPF,
range 0-31). There were more than 10 IgG4-positive plasma cells/HPF in two cases
(5.0%), but the 1gG4/IgG-positive ratio was low (average 25%). 1gG4-postive plasma
cells infiltrated the deeper mucosa (average 0.725/20,000 um?) were not significantly
different to the superficial mucosa (average 0.725/20,000 pm?) (p = 0.4). The plasmacytic
aggregation in the muscularis mucosae was significantly rare compared with IgG4-high
cases (1/40 cases, p <0.01). Non-atrophic fundic gland mucosa was rarely observed (4/40

cases). The permeative infiltration was not detected.

MALT lymphoma cases
Five of the 12 MALT lymphoma cases exhibited light-chain restriction of plasma cells.
Neoplastic plasma cells showed transmural infiltration that was intermingled with

centrocyte-like lymphoma cells, while non-neoplastic plasma cells mainly infiltrated the



superficial portion of the MLP. IgG4-positive plasma cells were rarely observed (average
1.8 + 1.9/HPF, range 0—7/HPF). 1gG4-postive plasma cells infiltrated the deeper mucosa
(average 0.83/20,000 um?) were not significantly different to the superficial mucosa
(average 0.33/20,000 um?) (p = 0.44). The plasmacytic aggregation in the muscularis
mucosae was not observed (p < 0.001, compared with [gG4-high cases). Fundic glands

were atrophic in all the specimens, and the permeative plasmacytic infiltration was absent.

Prospective evaluation for BHP in consecutive gastric biopsy specimens obtained
throughout a one-year period

Between June 2018 and May 2019, 2,169 endoscopic gastric biopsy examinations were
performed in KCH, out of which 473 were excluded due to neoplastic diseases. In total,
BHP was found in 6/1,696 (0.35%) examinations.

Our subsequent analyses revealed that 4 of the 1,696 examinations had IgG4-RD, which
were included in the retrospective analyses. One of the four cases was determined to
exhibit BHP in the prospective study (case 6). One another case (case L1, Supplementary
Table 1) was reclassified as BHP during the review of IgG4-RD cases but was not
identified in the prospective study because of the lower number of plasma cells. The
remaining two cases included superficial inflammation with unsuccessful
immunostaining in one case and minimal inflammation in one case, which was classified
as an IgG4-low case (case L10).

Finally, five cases were confirmed as BHP without IgG4-RD (Table 4). Two patients had
a history of malignant lymphoma, but they were in a remission state when the biopsy was
performed. Other two patients had no specific medical history. There were few IgG4-

positive plasma cells in these four cases (0—2/HPF). The remaining case with a positive



cytomegalovirus immunostaining had a focus that fulfilled the IgG4-high criteria (41/HPF,
IgG4/1gG-positive ratio of 45.5%). Similar to IgG4-RD patients, IgG4-positive plasma
cells infiltrated the deeper portion of the MLP, but were localized in a small focus (Fig.
3b, c¢). This patient had no evidence of immunodeficiency. In addition to BHP, the
specimens showed neutrophilic infiltration, granulation tissue, and necrosis, which are
features inconsistent with IgG4-RD (Fig. 3a). Plasmacytic aggregation in the muscularis
mucosae, storiform fibrosis or obliterative phlebitis were not detected. Non-atrophic

fundic glands were absent. Eosinophilic infiltration was not significantly different from

that observed in the IgG4-high cases (53.6 + 22.4/HPF, range 26—80/HPF) (p = 0.85).

DISCUSSION

BHP was recently reported to be characteristic of 1gG4-GID based on examinations of
surgically resected specimens of patients with known IgG4-RD.*® This observation
prompted us to examine whether a gastric biopsy could identify BHP and contribute to
the diagnosis of IgG4-RD. Uehara and colleagues had previously conducted a similar
study in patients with AIP and found that mononuclear cells and IgG4-positive plasma
cells had infiltrated the deeper portion of the MLP, which might be similar to BHP.* In
this study, we analyzed histological features in detail by evaluating gastric biopsy
specimens of patients with IgG4-RD. We also examined whether there were mimickers
of BHP by observing consecutive gastric biopsy series.

We confirmed that BHP was characteristic of IgG4-RD in gastric biopsy specimens in
this study. However, it was often difficult to evaluate BHP in biopsy specimens because
of disoriented sectioning. Thus, we applied the criteria of the aggregation of plasma cells

at the supra-muscularis mucosae region with minimal superficial plasmacytic infiltration



for the identification of BHP. In the retrospective evaluation of IgG4-RD patients, six out
of seven cases with BHP fulfilled the criteria for IgG4-high. The only BHP case that fell
into the IgG4-low group was receiving steroid therapy.

HP infection, which is the most common cause of gastritis and often coexists with IgG4-
GID. In fact, HP infection was present in half of the IgG4-high cases in this study.
Histologically, 4 of these cases displayed a transmural inflammation pattern. However,
immunostaining of IgG4 indicated the presence of bottom-heavy IgG4-positive
plasmacytosis in those specimens, suggesting that BHP was concealed by coexisting HP-
associated gastritis. Pure HP-associated gastritis may show a transmural inflammation
pattern, but the immunostaining was classified as IgG4-low. IgG4-positive plasma cells
were rarely found in the 40 control cases of chronic gastritis and 12 cases of MALT
lymphoma, and no cases fulfilled the criteria for IgG4-high. Although it is difficult to
identify BHP in HP-associated gastritis settings, we suggest that immunostaining can be
used to highlight BHP and can contribute to the diagnosis of IgG4-RD.

We detected two unique histological features that might be useful for diagnosing 1gG4-
RD: the plasmacytic aggregation in the intra-muscularis mucosae and the permeation of
plasma cells between non-atrophic fundic glands. These two features were observed in
cases with BHP or transmural inflammation patterns with IgG4-high
immunohistochemistry, while they were rare in the control cases.

Marked eosinophilic infiltration was another frequent and characteristic feature of the
IgG4-high cases. However, we emphasize that the presence of eosinophils in the deeper
part of the mucosa itself is nonspecific as it was also observed in cases with BHP without
the clinical evidence of IgG4-RD.

We only detected one case of BHP representing IgG4-RD among 1,696 consecutive



non-neoplastic gastric biopsies. Although BHP was identified in five other non-IgG4-
RD cases, additional features that were inconsistent with IgG4-RD, such as transmural
infiltration of neutrophils, granulation, and necrosis, were also evident. Plasma cells did
not aggregate in the muscularis mucosae. One of the five cases that was found to have a
cytomegalovirus infection was classified as IgG4-high, but the patient revealed
localized IgG4-positive cell infiltration. Thus, immunostaining alone is not sufficient to
suggest [gG4-RD, and a histological evaluation, including the exclusion criteria, is
necessary for diagnosis. In addition, due to the small number of cases, significance of
the cut-off value of IgG4-positive cells could not be verified in this study, and further
studies are necessary.

MALT lymphoma is included in the differential diagnosis of gastric [gG4-GID due to
the presence of numerous plasma cells, which may be monoclonal or polyclonal.
Although IgG4-positive cells were rare in our series, [gG4-producing MALT lymphoma
has been reported in the ocular adnexa or the cutis,*® >* 3 MALT lymphoma must be
carefully distinguished even in cases with numerous IgG4-positive cells.

Endoscopic findings of the biopsy sites were variable. We speculate that these findings
are simply motivators for biopsy and that [gG4-GID is a bystander, considering that [gG4-
GID was detected even by random biopsies. In other words, characteristic wall-thickening
and mass-forming lesions were absent in the stomach, and presence of numerous [gG4-
positive cells in the deeper part of the mucosa alone may not be sufficient to make the
diagnosis of IgG4-GID. Even so, as mentioned above, BHP is useful to identify possible
IgG4-RD cases with a gastric biopsy. When such mucosal lesions are incidentally
identified in a gastric biopsy, further imaging and clinical evaluations for possible IgG4-

RD are recommended. Of note, gastric biopsies should be taken before starting



corticosteroid treatment because all the patients receiving corticosteroid therapy were
IgG4-low in our series.

In conclusion, IgG4-GID can be diagnosed using gastric biopsy specimens. The
infiltration of plasma cells into the deeper portion of the MLP with IgG4-
immunoreactivity is an essential feature of this disease. Plasma cell in the muscularis
mucosae and/or permeative plasma cell infiltration between fundic glands is also helpful
for diagnosis. There are mimickers of IgG4-related BHP, but they can be distinguished
from IgG4-GID by exclusive histological features and IgG4 immunostaining. Although
IgG4 immunostaining is important for the diagnosis of IgG4-GID, diagnosing IgG4-GID

by immunostaining alone is not recommended.
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