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Paneth Cells in Colonic Adenomas
Association With Male Sex and Adenoma Burden
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Abstract: Paneth cells have been reported in colorectal adenomas and adenocarcinomas; however, the frequency of colonic Paneth cell-containing adenomas is unknown as are their
clinicopathologic features. A total of 152 consecutive colorectal
adenomas from 103 patients (57 males and 46 females) were
reviewed. The frequency of Paneth cells in this cohort of adenomas was determined and correlated with patient demographics. Twenty-six adenomas (17.1%) from 22 (21.4%)
patients harbored Paneth cells, which were not limited to the
base of the crypts but aberrantly located throughout the crypts.
Patient age, adenoma size, villous features, and grade of dysplasia were not diﬀerent between these 2 groups. Not surprisingly, Paneth cell-containing adenomas were more likely to
occur in the proximal colon (84.6% vs. 55.6%; P = 0.006).
There was a strong association between male sex and Paneth
cell-containing adenomas, as 23 of 26 (88.5%) of these adenomas occurred in male individuals compared with 71 of 126
(56.3%) non–Paneth cell-containing adenomas (P = 0.002).
Upon review of an additional 460 adenomas from 200 patients
with varying numbers of adenomas (68 with 1 adenoma, 68 with
2 adenomas, and 64 with 3 or more adenomas), the risk of
harboring synchronous adenomas was associated with villous
morphology, proximal location, and the presence of a Paneth
cell-containing adenoma. Thus, the presence of a Paneth cellcontaining adenoma may be a marker for increased risk of developing colorectal neoplasia.
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T

he Paneth cell was ﬁrst identiﬁed by Schwalbe in 1872
and was later studied in detail by Paneth.1,2 Paneth
cells are a component of the innate immune system and
elaborate a wide variety of antimicrobial products in-
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cluding defensins.3 Its diﬀerentiation and function are
regulated by the APC/Wnt/b-catenin pathway.3–5 Paneth
cells are normally present at the base of the Lieberkuhn
crypt in the small bowel, the appendix, and cecum and
may be found all the way to the mid transverse colon.6
Several studies have demonstrated the aberrant presence
of Paneth cells in many inﬂammatory conditions of the
colon including inﬂammatory bowel disease (IBD).6
The frequency of Paneth cell-containing adenomas
varies widely between studies ranging from 0.2 to
39%.7–10 In most studies Paneth cell-containing adenomas were more likely to be located in the proximal
colon.8,9,11 There are also some environmental diﬀerences
on the frequency of Paneth cell-containing adenomas as
they are more common in Japanese descendants and
white residents in Hawaii than in native Japanese.8 Paneth cell adenomas may also represent a speciﬁc pathway
of colorectal carcinogenesis, as a recent study found that
all Paneth cell adenomas demonstrated nuclear b-catenin,
suggesting activation of the APC/b-catenin pathway.11
This is not particularly surprising as regulation of normal
Paneth cell development is through activation of this
pathway.
Although Paneth cells in adenomas have been recognized for some time, there has been no large study that
has evaluated the clinical and pathologic features of
Paneth cells in adenomas. The aims of the current study
are to determine, in a series of colorectal adenomas
consecutively diagnosed in US patients, the frequency and
distribution of Paneth cell-containing adenomas and their
clinicopathologic features. Furthermore, in an additional
set of patients with varying numbers of adenomas, we
determined whether the presence of a Paneth cell-containing adenoma indicates an increased risk of synchronous colorectal adenomas.

MATERIALS AND METHODS
Study Population and Pathologic Evaluation of
Colorectal Adenomas
Two retrospective cohorts were identiﬁed for this
study. The ﬁrst cohort consisted of 152 colorectal adenomas from 103 patients diagnosed consecutively during
a 1-month period in a large medical center in the United
States. The second cohort consisted of 200 patients with
1, 2, or more than 3 adenomas in order to determine the
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relationship between Paneth cell-containing adenomas
and adenoma burden. Within this group of patients, 68
had 1 adenoma, 68 had 2 adenomas, and 64 had 3 or
more adenomas. Care was taken to have a relatively equal
number of patients within each group for statistical
analysis. Within each group, the patients were diagnosed
consecutively.
In all patients, the purpose of endoscopic evaluation
was for screening. Only 1 patient had abdominal pain and
diarrhea at the time of colonoscopy, but random biopsies
were histologically unremarkable, and therefore this case
was included in the study. All patients had their entire
colon examined and all of their polyps removed during
the endoscopic procedure; all polyps removed were submitted for histologic examination. None of the remaining
patients had a clinical history of chronic colitis, including
idiopathic IBD, or symptoms of abdominal pain or diarrhea at the time of colonoscopy. None of the patients
had a clinical history of familial adenomatous polyposis
syndrome. One patient had a history of colonic cancer in
her right colon. All adenomas were obtained from endoscopic resections (polypectomy) and rarely endoscopic
biopsies for individual polyps. The specimens were ﬁxed
in 10% buﬀered formalin solution, embedded in paraﬃn,
cut into 5-mm-thick sections, and stained with hematoxylin and eosin.
All adenomas were reviewed by 2 gastrointestinal
pathologists (R.K.P. and X.L.). On the basis of the percentage of tubular or villous component, the adenomas
were diagnosed as either tubular adenoma (> 75% tubular architecture), tubulovillous adenoma (between 25%
and 75% for each component), or villous adenoma
(> 75% villous architecture).12 On the basis of the cytologic and architectural features, the adenoma was determined to be low grade or high grade.12 The specimens
were evaluated for the presence and distribution of Paneth cells in the adenomatous tubules. Paneth cells were
readily recognized by means of routine hematoxylin and
eosin staining, as it contained large, eosinophilic cytoplasmic granules. A Paneth cell-containing adenoma was
deﬁned as the presence of a convincingly dysplastic Paneth cell(s) in adenomatous crypts. The presence of Paneth
cells in locations other than the base of the crypt was
considered an aberrant distribution pattern.
The patient demographics were obtained by reviewing electronic medical records. The location of the
adenoma was based on the information provided by the
endoscopist. The size of the adenoma was either based on
the information provided by the endoscopist or measured
from the histology section whenever there was a discrepancy. The adenoma was considered proximal if it was
located at or proximal to the splenic ﬂexure and distal if
distal to the splenic ﬂexure.
This study has been approved by the institutional
review board at Cleveland Clinic.

Statistical Analysis
Clinicopathologic characteristics were compared
between adenomas from male and female patients and
r
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TABLE 1. Demographics and Adenoma Characteristics of 152
Adenomas From 103 Consecutive Patients
No. adenomas (%)
Age* (mean, SD) (y)
Size (mean, SD) (cm)
Villous features (%)
High-grade dysplasia (%)
Proximal locationw (%)

Male (N = 57)

Female (N = 46)

P

94 (61.8)
62, 11
0.6, 0.40
7 (7.4)
4 (4.3)
56 (59.6)

58 (38.2)
63, 12
0.7, 0.53
2 (3.4)
2 (3.4)
36 (62.1)

NA
0.75
0.76
0.31
0.80
0.76

*For age 103 patients have been considered; for all other characteristics 152
adenomas have been considered.
wProximal: from the cecum to splenic ﬂexure (including splenic ﬂexure).
NA indicates not applicable.

between adenomas with and without Paneth cells using
either the w2 test or Wilcoxon rank sum test. Risk factors
for Paneth cell adenomas were assessed using logistic regression analysis. Stepwise logistic regression analysis
with a variable entry criterion of P < 0.10 and a variable
retention criterion of P < 0.05 was used to identify multivariable risk factors. Risk factors for polyp burden were
determined using 2 methods: ordinal logistic regression to
model the risk of 1 versus 2 versus 3+ polyps and logistic
regression to model the risk of 1 or 2 versus 3+ polyps.
Each analysis included 7 variables as potential risk factors: age, sex, type of adenoma, grade of dysplasia, location, size, and the presence of a Paneth cell adenoma.

RESULTS
Clinicopathologic Associations With Paneth
Cell-containing Adenomas
A cohort of 103 consecutive patients with 152 adenomas was evaluated for the presence of Paneth cells to
determine the frequency of Paneth cells in adenomas and
their clinicopathologic characteristics. Table 1 outlines
the characteristics of this cohort of 57 male and 46 female
patients. There were no diﬀerences in adenoma size, location, villous features, and high-grade dysplasia between
male and female patients.
The clinicopathologic characteristics of Paneth cellcontaining adenomas are shown in Table 2. The
frequency of Paneth cell-containing adenomas in the
consecutive cohort of 152 adenomas was 17.1% (26 adenomas in 22 patients; 21.4% of all patients). Within the

TABLE 2. Characteristics of Paneth Cell Adenomas
Frequency (%)
Male (%)
Median size (cm)
Villous (%)
HGD (%)
Proximal location (%)

PCA (n = 26)

Non-PCA (n = 126)

P

17.1
88.5
0.60
11.5
3.8
84.6

82.9
56.3
0.50
4.8
4.0
55.6

NA
0.002
0.09
0.18
0.98
0.006

HGD indicates high-grade dysplasia; PCA, Paneth cell adenomas.
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FIGURE 1. Histologic features of Paneth cell-containing adenomas. A and B, The Paneth cells within adenomas tended to be
located haphazardly within the polyp. The majority of them were not located at the base of the dysplastic crypts. C, In some
adenomas Paneth cells were clustered together. D, In other adenomas, Paneth cells had a more dispersed pattern. E, In all cases
the Paneth cells within adenomas demonstrated dysplastic nuclear features characterized by stratification and hyperchromasia. F,
Typical location and morphology of Paneth cells in non-neoplastic crypts as shown by the arrows. The inset shows a higher power
of non-neoplastic Paneth cells located in the crypt bases.
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TABLE 3. Descriptive Information for the Cohort of 200
Patients With 460 Adenomas
Age
Mean
Median (range)
Male sex
Patients with adenomas with
villous features
Patients with adenomas with
high-grade dysplasia
Patients with proximal adenomas
Patients with adenoma >1 cm
Patients with a Paneth cell adenoma

N

Percentage (%)

63 ± 11
64 (30-86)
128
24

NA
NA
64.0
12.0

15

7.5

155
64
69

77.5
32.0
34.5

NA indicates not applicable.

Paneth cell-containing adenomas, Paneth cells demonstrated an aberrant distribution in 97% cases. More
speciﬁcally, the Paneth cells were usually present in clusters or scattered randomly, in the mid or upper portion of
the neoplastic crypts (Figs. 1A–D). In addition, the nucleus of the Paneth cells in the adenoma had dysplastic
features similar to their adjacent adenomatous nuclei
(Fig. 1E). This is in contrast to the distribution at the base
of the crypt seen in normal mucosa and the inconspicuous
appearance of Paneth cells in the non-neoplastic glands
(Fig. 1F).
The clinicopathologic characteristics of Paneth cellcontaining adenomas are shown in Table 2. The majority
of Paneth cell-containing adenomas were located in the
proximal colon compared with non–Paneth cell-containing adenomas (84.6% vs. 55.6%; P = 0.006). Paneth cellcontaining adenomas were also much more likely to occur
in male individuals (88.5% vs. 56.3%; P = 0.002). There
was no difference in other pathologic or clinical characteristics between adenomas with and without Paneth cells.

Patients With Paneth Cell-containing Polyps
Have a Higher Polyp Burden
On the basis of analysis of the cohort of 103 patients
there was a suggestion that the presence of a Paneth cellcontaining adenoma was associated with the presence of
increased polyp burden; however, the number of patients
with multiple polyps was insuﬃcient to be certain. For
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this reason another cohort of patients stratiﬁed by the
number of adenomas was identiﬁed. This cohort consisted
of 68 patients with 1 adenoma, 68 with 2 adenomas, and
64 with 3 or more adenomas. This cohort of 200 patients
had 460 adenomas. All adenomas were reviewed, and the
following features were recorded: size, grade of dysplasia,
villosity, and the presence of Paneth cells. The characteristics in this cohort of patients are shown in Table 3.
Univariate and multivariate logistic regression
analysis was then performed to determine the risk factors
for polyp burden. This was done in 2 ways: using ordinal
logistic regression to model the risk of 1 versus 2 versus
3+ adenomas and using logistic regression to model the
risk of 1 or 2 versus 3+ adenomas. As shown in Table 4,
male sex, villous features, proximal location, and presence
of a Paneth cell-containing adenoma were associated with
the progression from 1 versus 2 versus 3+ adenomas in
univariate and multivariate analysis. As patients with 3 or
more polyps are screened at a shorter interval, a separate
analysis was performed to determine the features associated with 3 or more adenomas. Only 3 factors were
associated with 3 or more polyps in univariate and multivariate analysis: villous features, proximal location, and
presence of a Paneth cell-containing adenoma. Male sex,
adenoma size, and grade of dysplasia were not associated
with 3 or more adenomas.

DISCUSSION
Paneth cells, a normal constituent of the small
bowel, appendix, and proximal colon, play a signiﬁcant
role in innate intestinal immunity.3 Dysfunction and
dysregulation of Paneth cells have been implicated in the
development of idiopathic IBD,3 and Paneth cell metaplasia in the distal portion of the colon is a known morphologic phenomenon in patients with IBD and other
chronic inﬂammatory conditions of the large intestine.6
The incidence of Paneth cells in colorectal neoplasms and
its adjacent mucosa has been reported for >4 decades.6–11,13 In a large study of 5778 adenomas, Paneth cells
were seen in only 0.2%.7 Other studies, predominately
from Asia, demonstrated a frequency of Paneth cells in
adenomas between 17% and 39%.8,9,11 Interestingly,
there are likely environmental diﬀerences in Paneth cellcontaining adenomas, as they are more common in

TABLE 4. Risk Factors for the Development of Multiple Polyps
Odds Ratio (P)
1, 2, or 3+ Polyps
Variable
Age, per 10-y increase
Sex
Villous features
High-grade dysplasia
Proximal location
Size >1 cm
Presence of Paneth cell adenoma

r
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Univariate
1.15
2.36
2.64
1.76
4.10
1.63
4.31

(0.25)
(0.002)
(0.020)
(0.26)
(< 0.001)
(0.08)
(< 0.001)

Multivariate
—
2.00 (0.019)
2.77 (0.018)
—
3.03 (0.002)
—
2.73 (0.001)

3 or More Polyps
Univariate
1.20
1.68
2.90
1.96
30.13
1.76
4.45

(0.21)
(0.11)
(0.016)
(0.21)
(< 0.001)
(0.07)
(< 0.001)

Multivariate
—
—
3.16 (0.023)
—
20.56 (0.004)
—
3.12 (0.001)
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Japanese descendants and white residents in Hawaii than
in native Japanese.8
In this study, we found the frequency of Paneth cellcontaining adenomas in 152 consecutive adenomas from
103 patients to be 17.1% and 21.4% at the polyp level and
the patient level, respectively. These rates are consistent
with previous reports, which showed a frequency of 17%
to 39% among all polyps, although much higher than
those reported by Bansal et al.7 Our study also conﬁrmed
a predilection for the proximal colon, in line with previous observations.8,9 However, for the ﬁrst time we report a striking male predominance within our cohort of
Paneth cell-containing adenomas. In our cohort, 88.5%
of the Paneth cell-containing adenomas occurred in male
patients; in contrast, only 56.3% of the non–Paneth cellcontaining adenomas occurred in male patients
(P = 0.002). This finding is in contrast with 2 previous
studies reporting a lack of sex differences between Paneth
cell-containing and non–Paneth cell-containing adenomas.8,9 This discrepancy may be due to the different
methods used in defining Paneth cell-containing adenoma, different ethnicities in the study population, or
different sizes and types of adenoma. Our study defined
Paneth cell-containing adenomas as the presence of
Paneth cell(s) in adenomatous tubules, and cases with
Paneth cells only in the non-neoplastic glands/crypts were
considered as non–Paneth cell-containing adenomas.
Furthermore, our study included a series of consecutively
diagnosed adenomas including tubular, tubulovillous,
and villous adenomas, and the study population was
mainly composed of white patients from the United
States. In contrast, the lack of relationship between patient sex and the incidence of Paneth cells in the adenomas reported in 2 studies by Wada et al8,9 was based
on 2 series of tubular adenomas predominantly from either native Japanese or Japanese descendants in Hawaii
and in tubular adenomas <5 or 10 mm in diameter. Also,
no detailed information was provided on the definition of
Paneth cell-containing adenomas in those 2 studies.
As Paneth cells are normally seen in the proximal
colon, it is reasonable to expect a higher incidence of
Paneth cell-containing adenomas in this segment. It is
also possible that some of these Paneth cells represent
entrapped non-neoplastic cells. However, the aberrant
distribution of Paneth cells within the adenomas diﬀers
from their basal location in normal crypts. In some cases,
Paneth cells in the neoplastic crypts tended to cluster and,
sometimes, occupy almost the entire length of crypts.
Furthermore, the nuclei of the Paneth cells within the
adenomatous tubules had features of dysplasia. These 3
features support that Paneth cells are a part of the neoplastic component of the adenoma. The male preponderance of this phenomenon suggests that it is not a
“random” change in the neoplastic transformation. It
remains unknown why Paneth cell-containing adenomas
are predominantly found in the proximal colon in male
patients. The microenvironment in the proximal colon of
male patients and possibly diﬀerences in sex hormones
may be contributory factors. Review of the distribution of
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Paneth cells in the colon of normal male and female patients may help resolve this issue.
Finally, in an analysis of 460 polyps from 200 patients we found that the presence of a Paneth cell-containing adenoma is associated with increased polyp
burden. In multivariate analysis, villous features and
proximal location were also associated with increased
polyp burden. Villous features, high-grade dysplasia, and
large size have all been associated with increased risk of
synchronous adenomas.14,15 These features along with
having 3 or more adenomas and proximal adenomas also
increase the risk of adenoma recurrence in subsequent
colonoscopies.16–19 Patients with large serrated polyps
also have an increased risk for synchronous adenomas.20–22 Our study describes for the ﬁrst time the risk
of synchronous neoplasia in patients with a Paneth cellcontaining adenoma (odds ratio of 3.12 for 3 or more
polyps). One could argue that the association between the
presence of a Paneth cell-containing adenoma and synchronous adenomas is simply due to chance, as the
greater number of polyps a patient has, there exists an
increased likelihood of having an adenoma with Paneth
cells. This would be true if the presence or absence of
Paneth cells within adenomas is a random event; however,
this is clearly not the case given the strong association
with proximal location and male sex. This ﬁnding suggests that the presence of Paneth cell-containing adenoma
may indicate a predisposition to colorectal tumorigenesis.
Recent studies have shown that the diﬀerentiation
and function of Paneth cells are tightly regulated by the
APC/Wnt/b-catenin pathway,3–5,23 a pathway known to
be altered during colorectal tumorigenesis.24,25 In line
with these ﬁndings from basic research, the high incidence
of Paneth cells (up to 43%) was noted in familial adenomatous polyposis–associated adenomas located in the
cecum.26 A recent study by Joo et al11 also demonstrated
that 100% of Paneth cell-containing adenomas demonstrated b-catenin activation compared with only 66% of
adenomas without Paneth cells. These data indicate that
Paneth cells within an adenoma is a morphologic marker
of activation of the APC/Wnt/b-catenin pathway; that is,
activation of b-catenin, a key regulator of the fate of
Paneth cells, and activation of Tcf4, a key regulator of
Paneth cell function. Taken together, these results suggest
that the presence of a Paneth cell-containing adenoma
identifies patients with an increased risk of developing
colorectal adenomas.
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