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Abstract

Objectives—The metaplastic intestinal epithelium in Barrett esophagus (BE) occasionally
contains Paneth cells; however, little is known regarding the prevalence and significance of Paneth
cell metaplasia (PCM) in BE.

Methods—We evaluated 757 esophageal biopsy specimens with intestinal metaplasia (IM) for
PCM. Outcome analysis was performed in 299 cases with complete clinical data using
multinomial logistic regression.

Results—Thirty-one percent (234/757) of the IM cases showed PCM. Paneth cells are decreased
when BE epithelium becomes increasingly dysplastic. Long-segment BE shows significantly more
PCM than short-segment BE. On follow-up biopsies, patients without PCM (NPCM) are three
times more likely to regress than patients with PCM, regardless of dysplasia, BE segment length,
age, or sex. However, there is no significant difference in terms of progression to dysplasia/
adenocarcinoma between the PCM and NPCM groups.

Conclusions—The presence of PCM is associated with less disease regression and is not

associated with more disease progression.

Keywords
Paneth cell; Barrett esophagus; Dysplasia; Esophageal adenocarcinoma; GERD

INTRODUCTION

The incidence of esophageal adenocarcinoma has increased sixfold in the past 30 years in
the Western world, faster than any other major malignancies. Evidence has shown that this
increase is due to true growth of disease burden and unrelated to disease reclassification or
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overdiagnosis from increased usage of upper gastrointestinal (G1) endoscopy.! Most
esophageal adenocarcinomas develop from Barrett esophagus (BE), a form of “adaptive
protection”? against chronic insult from gastric acids and bile salts secondary to
gastroesophageal reflux disease (GERD). On average, BE carries a 0.5% annum increased
risk for malignancy, but only a small percentage of patients with BE will develop
adenocarcinoma. Therefore, it is critical to identify the susceptible patient population so that
diligent surveillance could be performed to detect malignant transformation at an early and
possibly curable stage.

Despite intense studies of BE, our knowledge is still limited on how to accurately predict
disease progression. Intriguingly, some patients with BE will rapidly develop
adenocarcinoma after the first diagnosis of high-grade dysplasia (HGD), some patients will
regress to lesser grades of dysplasia or even no intestinal metaplasia (1M), whereas others
will live with high-grade dysplasia (HGD) for many years.2 Currently, histologic
identification of dysplasia remains the gold standard for identifying patients with BE at an
increased risk for progression to adenocarcinoma. Testing for other biomarkers, including
mucin core polypeptide expression,3 DNA aneuploidy, and microRNA,* may be helpful, but
no single best biomarker is available thus far to provide a sensitivity and specificity
adequate for optimal patient management.

Paneth cells are occasionally observed in esophagus with complete IM, first described by
Schreiber et al.> However, little is known regarding the prevalence and significance of
Paneth cell metaplasia (PCM) in BE. We examined 757 esophageal biopsy specimens with
IM to evaluate if there is a correlation between PCM and dysplasia/adenocarcinoma.
Multinomial logistic regression analysis was performed on 299 cases with complete clinical
information to assess if PCM and other covariates affect patient outcome.

MATERIALS AND METHODS

Study Group

The surgical pathology database at The Ohio State University Wexner Medical Center
Pathology Department was searched for esophageal biopsy specimens with a diagnosis of
IM. Biopsy specimens procured from the gastroesophageal junction were excluded, in an
attempt to limit the study group to true BE cases and avoid cases with IM at the gastric
cardia. In total, 950 consecutive cases were identified, and 757 cases were available for
histologic review. Patients’ age, sex, and follow-up esophageal biopsy results were noted.

Among the 757 cases, we identified 299 cases (89 with PCM and 210 without PCM
[NPCM]) that have complete clinical data for a more in-depth statistical analysis. All of the
299 cases have follow-up data for at least 1 year (mean [SD] follow-up time, 3.5 [1.6] years)
and have information regarding length of the BE segment, duration of disease, and proton
pump inhibitor (PPI) treatment history. Short-segment BE is defined as Barrett mucosa less
than 3 cm, and long segment refers to Barrett mucosa equal to or more than 3 cm. The few
cases of HGD on initial biopsy, which subsequently received endoscopic mucosal resection,
radiofrequency ablation, or esophagectomy, were excluded from the outcome analysis, since
the outcome of these patients will be different from the natural history of the disease. All

Am J Clin Pathol. Author manuscript; available in PMC 2015 July 16.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chen et al. Page 3

cases with initial diagnosis of carcinoma were also excluded from the outcome analysis,
since carcinoma is considered the end point of the study.

Histologic Review

H&E slides were available in all cases. All six levels in each biopsy specimen were
examined for the presence of PCM, since the distribution of Paneth cells may be sparse, with
only a few cells present on one or two levels. Paneth cells were identified by their distinct
eosinophilic cytoplasmic granules on H&E stain using conventional light microscopy. Cases
with IM containing PCM were further evaluated by two pathologists (W.C. and M.M.Y.)
with an interest in Gl pathology for dysplasia, location of PCM, associated inflammation,
pancreatic acinar metaplasia, and multilayered epithelium.

Statistical Methods

Patients’ age between PCM and NPCM groups was compared using the Student t test.
Comparison study between PCM and NPCM groups, as well as PCM frequencies between
different groups of dysplastic BE, was performed using the Fisher exact test. A P value of
less than .05 was considered statistically significant. Multinomial logistic regression was
employed to study association of the presence of PCM with disease outcome (progression/
same/regression). In this study, regression was defined as a finding of a lower degree of
dysplasia, or no dysplasia, in biopsy specimens from a patient with prior samples that
showed dysplasia. In other words, regression was called if the patient’s follow-up biopsy
specimens demonstrated a lower degree of dysplasia in the sequence of HGD, low-grade
dysplasia (LGD), indefinite for dysplasia (IFD), negative for dysplasia (NFD), and no IM.
Vice versa, progression in our study refers to greater degree of dysplasia in the above
sequence. Patients’ age, sex, BE segment length, and dysplasia were adjusted in the model.
No significant interaction was found between covariates. Odds ratios were reported.

RESULTS

Demographic Features

Patients’ age ranged from 24 to 88 years (mean [SD], 61.5 [12.9] years) in the PCM group
and 22 to 92 years (59.5 [12.8] years) in the NPCM group. The difference was statistically
significant (P = .0413). There was no significant difference in sex ratio between PCM and
NPCM groups (male-to-female ratio of 1.8:1 and 2.4:1, respectively, P = .2592).

Prevalence of PCM in BE

Paneth cells were identified in 31% (234 of 757) of the esophageal biopsy specimens on
routine H&E-stained slides. The prevalence of PCM in nondysplastic, dysplastic, and
malignant BE was compared. Significantly more frequent PCM was found in cases of IM
with NFD (196/626 [31%]) than that of IM with esophageal adenocarcinoma (EAC) (1/21
[5%], P =.0069). Significantly more frequent PCM was also present in the IFD and LGD
groups (32/86 [37%]) than in the HGD and EAC groups (6/45 [13%], P = .0045) (Table 1).

In the 299 cases with complete clinical data, PCM was more frequently found in patients
with long-segment BE (42/115 [37%]) than in patients with short-segment BE (44/184
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[24%)], P = .0253). There was no significant difference in the prevalence of PCM between
patients who had PPI therapy before biopsy (74/259 [29%]) and patients who did not (7/40
[18%], P =.1813).

Morphologic Features of PCM in BE

Paneth cells were most frequently seen at the base and rarely at the neck of the metaplastic
glands (Image 1A). They were distributed singly, in small clusters, or circumferentially
(Image 1B) within the crypt. Background mild to moderate chronic inflammation was seen
in most cases. Occasional acute inflammation was also present. Morphologically, Paneth
cells in the metaplastic intestinal epithelium exhibited small, basally oriented, ovoid nuclei,
with cytoplasmic eosinophilic, refractile granules concentrated toward the apical side of the
cell. No Paneth cell dysplasia was observed. Degranulation of the Paneth cells, evidenced by
the presence of eosinophilic granules in the crypt lumen near the Paneth cells (Image 1C),
was occasionally present. Less frequently, scattered Paneth cells were seen within the
dysplastic glands in IM (Image ID). Interestingly, Paneth cells were also rarely seen in
nonmetaplastic mucinous glands (Image IE) or hybrid mucinous/metaplastic glands (Image
IF). Multilayered epithelium and pancreatic acinar metaplasia were occasionally seen.

Distribution of Paneth Cells in BE With LGD

In eight (57%) of 14 BE cases with LGD, Paneth cells were present in both dysplastic and
nondysplastic glands, with the number of Paneth cells in the nondysplastic glands
outnumbering that in the dysplastic glands. In five (36%) of 14 cases, Paneth cells were
present only in nondysplastic glands adjacent to the dysplastic glands, and in one (7%) of 14
cases, Paneth cells were present only in dysplastic glands. Nine (64%) of 14 cases also
showed focal acute inflammation in addition to the chronic inflammation seen in all BE
cases.

Follow-up of Patients With BE With and Without PCM

We analyzed the outcome data on the 299 patients with more than 1 year of follow-up. In
the group of patients with BE with PCM, 67 (69%) of 97 cases remained the same, 11 (11%)
of 97 progressed to higher grades of dysplasia or carcinoma, and 19 (20%) of 97 regressed
to lesser grades of dysplasia, no dysplasia, or even no IM (Table 2). In contrast, the NPCM
group showed significantly more cases regressing to lesser grades of dysplasia, no dysplasia,
or no IM (63/202 [31%], P = .0383). There is no significant difference between PCM and
NPCM groups for cases that remained the same (P =.0987) or progressed (P = .6899).

Multinomial logistic regression study showed that NPCM patients were three times more
likely to regress than patients with PCM, regardless of other covariates, including dysplasia,
BE segment length, age, or sex. However, there is no statistical significance in terms of
progression between PCM and NPCM groups (Table 3).

In addition, in our cohort, regardless of PCM or not, those patients with short-segment BE
were four times more likely to regress than those with long-segment BE (Table 3). Patients
with BE positive for dysplasia (LGD or HGD) were 7.8 times more likely to progress than
patients with BE NFD. Male BE patients were 10 times more likely to progress than female
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patients. Patients who were 10 years older were two times more likely to progress than
patients who were 10 years younger. Neither duration of disease nor history of PPI therapy
showed any association with disease outcome.

DISCUSSION

Paneth Cells

After half a century since its first discovery, the Paneth cell is still a mysterious cell type
with its function less defined than other cell types in the intestinal epithelium. Recent studies
gained exciting insight into Paneth cells’ role in the innate immunity and the homeostasis of
intestinal mucosa. Dysfunction of Paneth cells leads to disruption of the intestinal mucosal
barrier, dysbiosis, and impaired regeneration, which contribute to the pathogenesis of
intestinal inflammatory and infectious diseases,®8 such as ileal Crohn disease® and neonatal
necrotizing enteritis.10

Paneth cells are normally present in the small intestine, mainly distributed at the base of the
crypts of Lieberkiihn. Paneth cells also reside sparsely in the proximal colon and appendix
but are usually absent in the rest of the luminal Gl tract. However, PCM has been reported in
a variety of organs/tissues that are subjected to chronic inflammation, including those within
the Gl tract, such as the esophagus and stomach, as well as those outside the Gl tract, such
as the urinary epithelium and gallbladder.11

Histologically, Paneth cells are pyramidal-shaped secretory epithelial cells that show
prominent eosinophilic cytoplasmic granules on H&E stain. Early ultra-structural and
cytochemical studies have shown that these granules contain heavy metals, lysozymes, and
immunoglobulin IgA and 1gG.11 Recent studies identified additional granule contents,
including antimicrobials secreted by Paneth cells, such as human a-defensin-5 (HD5),
human a-defensin-6, and secretory phospholipase A2.12 The differentiation and function of
Paneth cells are regulated by the APC/B-catenin/Tcf pathway.13-16

Prevalence of Paneth Cells in BE

The presence of Paneth cells in BE has been described in a few earlier works with small
patient cohorts, but the prevalence and significance of PCM in BE are unclear. We found
that 31% of the distal esophageal biopsy specimens with IM showed PCM, in concordance
with the previously reported frequencies (31% to ~50%).%:17:18 There is no significant
difference in sex ratios between the PCM and NPCM groups.

We noted that Paneth cells are decreased in advanced neoplasia (see Table 1), which seems
to parallel what has been described for goblet cells. The decreased incidence of specialized
intestinal cells in the metaplastic epithelium, such as Paneth cells and goblet cells, may be
explained by the fast clonal expansion of the neoplastic epithelial cells that take over the
regenerative efforts of the benign meta plastic epithelium.

Role of Paneth Cells in BE

It is unclear why PCM is present in some cases of BE but not in others. This could be the
result of sampling error, different stage of the disease, or different responses of the
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metaplastic epithelium to the environment, based on the severity of mucosal injury from
GERD and whether there is concurrent bacterial infection, among others.

As a member of the innate immunity, Paneth cells help to maintain homeostasis of the small
intestinal mucosa where bacterial load is kept at a lower level than the large intestine,8
whereas gastric acid and bile salt levels are relatively high. In animal models and in vitro
studies of BE, acid and/or bile could induce columnar metaplasia of the distal-esophageal-
squamous mucosa.? It is tempting to speculate that the columnar mucosa can inheritably
handle acid/bile insults and associated inflammation better than squamous mucosa, hence
the IM in BE.

A mild to moderate mucosal chronic inflammation is a universal finding in BE with and
without PCM. In addition, focal acute inflammation and/or increased chronic inflammation
are frequently observed in cases with morphologic features of increased Paneth cell activity,
such as circumferential distribution of Paneth cells within the crypt and luminal
degranulation. Notably, the highest PCM incidence occurs in BE with IFD (38%) and LGD
(37%), in which cases focal acute inflammation is frequent. Furthermore, long-segment BE
cases show more frequent PCM than do short-segment cases, which may suggest PCM as a
mucosal response to more severe/prolonged acid/bile salt insults. Interestingly, in patients
with active celiac disease, increased HD5 and lysozyme levels are seen in metaplastic
Paneth cells in the upper two-thirds of the jejunal intestinal crypts and are thought to be
induced by high interferon-y production by intraepithelial lymphocytes.1?

PCM as a Histologic Marker for Less Disease Regression in BE

To our knowledge, our study represents the first to evaluate PCM in BE in the context of
dysplasia and patient outcome. We found that older patient age, male sex, and dysplasia are
associated with more disease progression. However, PCM is not associated with disease
progression. Interestingly, PCM is associated with three times less disease regression than
NPCM. The observation of increased PCM in patients with long-segment BE, PCM’s
association with more frequent acute inflammation, and patients with PCM showing less
disease regression prompt us to hypothesize that the presence of PCM is a histologic marker
for more severe/prolonged mucosal injuries and therefore decreased disease regression.

Intriguingly, a recent in vitro study by Nomura et al2® demonstrated that when cultured
squamous cells are incubated with synthetic HD5 (an antimicrobial secreted by Paneth
cells), the expression of E-cadherin is reduced. Therefore, Nomura et al hypothesized that in
BE, HD5 secreted by the metaplastic Paneth cells could potentially accelerate initiation and
progression of BE due to decreased cell-cell interaction. However, it remains to be proven
whether this holds true in vivo. In fact, our study appears to argue against Paneth cells being
the “culprit” for causing BE and disease progression. First, most BE cases with PCM
remained NFD or IFD, similar to the NPCM group. Second, there are fewer Paneth cells in
dysplastic BE cases than in nondysplastic BE cases. Third, the metaplastic Paneth cells in
BE do not exhibit overt cytologic dysplastic features. And last, the finding that more Paneth
cells are distributed in nondysplastic glands and the associated active inflammatory activity
may suggest that PCM in BE is more likely to be related to inflammatory injury rather than
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dysplasia. PCM probably reflects the host’s attempt to repair/adapt to the local insult, and it
is the local insult that ought to be blamed for promoting carcinogenesis.

Indeed, recent studies using mouse models demonstrated that Paneth cells play a crucial role
within the intestinal stem cell niche, which allows orderly regeneration of intestinal surface
epithelia on a continuous basis and aids in recovery following substantial insult.21:22 Study
of the microbiome in BE showed increased gram-negative bacteria, which elicit increased
inflammation and reflux through the action of lipopolysaccharides in the bacterial outer
membrane.23 Therefore, we hypothesize that Paneth cells in BE may signal a more severe
mucosal damage from reflux and/or bacteria, which is associated with less disease
regression.

Other Features of PCM in BE

Interestingly, PCM is occasionally seen in mucinous nonmetaplastic glands or hybrid
glands. Hybrid glands are metaplastic intestinal glands confined to the superficial aspect of
mucinous glands.2* Given the current thought that BE originates from pluripotent stem cells
locally residing in the esophageal squamous epithelium or gland duct epithelium, it is not
surprising to see PCM in mucinous glands or hybrid glands since they probably arise from
the same type of stem cells. PCM in mucinous or hybrid glands is likely to also represent a
form of “adaptive protection” by the mucinous glands exposed to the same reflux injuries. It
is interesting to note that mucous cells in Brunner’s glands also express lysozyme,12
suggesting a shared role of mucous cells in mucosal protection as Paneth cells. In supporting
this notion, mucous gland metaplasia is also observed in the distal esophagus in baboons
from lifelong gastroesophageal reflux caused by habitual chewing of regurgitated food.25

As expected, multilayered epithelium is occasionally observed in BE cases with PCM.
Multilayered epithelium is thought to be the early transitional form of columnar metaplasia
in patients with GERD.26:27 Pancreatic acinar metaplasia is also observed in some BE with
PCM cases but does not seem to have any association with PCM or disease severity.

Despite a four-quadrant biopsy protocol and the usage of jumbo biopsy forceps, evaluation
of the Barrett mucosa is subject to inherent sampling error, thus limiting the assessment of
PCM in these patients. Future studies with more extensive sampling in autopsy patients may
be helpful to confirm the prevalence of the PCM in patients with BE.

In conclusion, 31% of our cohort of esophageal biopsy specimens with IM showed PCM.
Follow-up multinomial logistic regression analysis showed that PCM is associated with less
disease regression, regardless of patient age, sex, segment length, or dysplasia. The presence
of Paneth cells in BE could potentially be used as a histologic marker to identify patients
with more severe mucosal injury with decreased chance of disease regression.
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Image 1.
Paneth cell metaplasia (PCM) in distal esophageal biopsy specimens with intestinal

metaplasia. A, PCM is seen primarily at the base (arrows) and rarely at the neck (arrowhead)
of metaplastic crypts (H&E, x200). B, Paneth cells can be distributed circumferentially
(arrows) or scattered (arrowheads) (H&E, x400). C, Degranulation of Paneth cells (arrows)
is occasionally seen (H&E, x400). D, PCM in dysplastic crypts (arrows) (H&E, x 400). E,
PCM in metaplastic glands (arrows) and nonmetaplastic mucinous glands (arrowheads)
(H&E, x400). F, PCM in a hybrid mucinous/metaplastic gland (arrow) (H&E, x400).
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Table 2

Outcome Analysis of 299 Barrett Esophagus Cases With and Without Paneth Cell Metaplasia

No. (%) of Patients

Group Remain Same Progressto Higher Grade of Dysplasia Regressto Lesser Grade of Dysplasia
PCM (n=97) 67 (69) 11 (11) 19 (20)

NPCM (n=202) 119 (59) 20 (10) 63 (31)

P valued 0.987 6899 0383

NPCM, no Paneth cell metaplasia; PCM, Paneth cell metaplasia.

a\Nhen comparing between PCM and NPCM groups.
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Table 3

Odds Ratio Estimates Evaluating Multiple Variates Affecting Outcome in 299 Barrett Esophagus Cases

Effect

Outcome Category  Point Estimate

95% Wald Confidence Limits

PCM no vs yes

PCM no vs yes

BE SSvs LS

BE SSvsLS
LGD/HGD yes vs no
LGD/HGD yes vs no
Age (10 y older)
Age (10 y older)
Male vs female

Male vs female

Progression
Regression
Progression
Regression
Progression
Regression
Progression
Regression
Progression

Regression

2.026
3.230
0.426
4.028
7.759
27.626
2.328
0.752
10.394
0.537

0.748-5.490
1.466-7.115
0.170-1.069
1.895-8.560
1.306-46.083
5.554-137.411
1.470-3.684
0.566-0.999
2.096-51.554
0.280-1.028
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BE, Barrett esophagus; HGD, high-grade dysplasia; LGD, low-grade dysplasia; LS, long segment; NPCM, no Paneth cell metaplasia; PCM, Paneth
cell metaplasia; SS, short segment.
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