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The regional distributions and frequencies of argyrophil
endocrine cells in gastrointestinal (GI) tract of Balb/c-nu/
nu mouse were studied using Grimelius silver stain after
abdominal subcutaneous implantation of COLO205. The
experimental animals were divided into two groups, one is
non-implanted group (Sham) and the other is COLO205-
implanted group. Samples were collected from GI tract
(fundus, pylorus, duodenum, jejunum, ileum, cecum,
colon and rectum) at 21 days after implantation of
COLO205 cells (1x10° cell/mouse). In this study, argyrophil
cells were detected throughout the entire GI tract with
various frequencies regardless of implantation. Most of
these argyrophil cells in the mucosa of GI tract were
generally spherical or spindle in shape (open type cell)
while cells showing round in shape (close type cell) were
found occasionally in gastric and/or intestinal gland
regions. The regional distributions of argyrophil cells in
COLO205 were similar to those of Sham. However,
significant decreases of argyrophil cells were detected in
COLO205 compared to those of Sham except for the
jejunum and ileum. In the jejunum and ileum, argyrophil
cells in COLO205 showed similar frequencies compared
to those of Sham. In the pylorus, the most dramatically
decreasement of argyrophil cells were detected in COLO205
compared to that of Sham. Implantation of COLO205
tumor cell line induced severe quantitative changes of
argyrophil cell density, and the abnormality in density of
GI endocrine cells may contribute to the development of
gastrointestinal symptoms such as anorexia and indigestion,
frequently encountered in patients with cancer.
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Introduction

Gastrointestinal (GI) endocrine cells dispersed in the
epithelia and gastric glands of the digestive tract synthesized
various kinds of gastrointestinal hormones, and played an
important role in the physiological functions of the alimentary
tract [2]. Until now, the investigation of gastrointestinal
endocrine cells is considered to be an important part of a
phylogenic study [6] and the endocrine cells are regarded as
the anatomical units responsible for the production of gut
hormones, and a change in their density would reflect the
change in the capacity of producing these hormones [8].
Silver techniques have been regarded as a general method
for detecting GI endocrine cells and Grimelius positive cells
are classified as argyrophil cells [11,12]. The changes of
distribution and frequency of GI argyrophil endocrine cells
in some diseases are also well demonstrated especially in
some cancer [10,17,21], gastritis including Helicobacter
pylori[1,18], and inflammatory bowel disease [7]. These GI
argyrophil cells are also changed after treatment of some
drugs such as ebrotidine [20] and omeprazole [5]. In addition,
a significantly decrease of GI endocrine cells in the
ovariectomized osteoporotic rats using silver techniques was
previously reported [15,16], and the distribution and
frequency of GI endocrine cells were varied with feeding
habits [24].

In the patients with cancer, the most frequent and
distressing symptoms are gastrointestinal disorder, and
Komurcu et al. [14] reported that dry mouth, weight loss,
early satiety, taste changes, constipation, anorexia, bloating,
nausea, abdominal pain and vomiting were 10 most
common gastrointestinal symptoms in patients with lung,
breast and prostate cancer. Although nearly one-half of the
most frequently reported and most distressing symptoms in
patients with cancer are gastrointestinal in nature [14], the
study about changes of gastrointestinal endocrine cells was
restricted to the region of endocrine carcinoid tissues or
nonneoplastic mucosa around the carcinoids [10,17,21]. In
addition, there was no report dealing with changes of
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gastrointestinal argyrophil cell profiles after subcutaneous
implantation of tumor.

The purpose of this study is to clarify the changes of the
GI argyrophil cells in the Balb/c-nu/nu mouse after
subcutaneous implantation of COLO205, non-metastatic
human colonic adenocarcinoma cell line, by silver stain. In
the present study, samples were collected from 8 parts of GI
tract at 21 days after implantation of COLO205 cells
(1 x 10° cell/mouse).

Materials and Methods

Experimental animals

Ten SPF Balb/c-nu/mu female mice (6-wk old upon
receipt; Charles River, Japan) were used after acclimatization
for 7 days. Animals were allocated 5 per polycarbonate cage
in a temperature (20-25°C) and humidity (30~35%)
controlled room. Light: dark cycle was 12 hr: 12 hr and feed
(Samyang, Korea) and water were supplied free to access.

Animals were divided to two groups, COLO205-implanted
group (COLO205) and non-implanted Sham (Sham) group.
Each of 10 mice was used in this study.

Implantation of COLO205 cells

COLO205 human colon cancer cells were inoculated
intradermally at abdominal skin with viable tumor cells
(3 x 10°cells). In Sham, saline was intradermally injected at
abdominal skin instead of inoculation.

Histology and quantity analyses

After phlebotomy, each region of GI tract, the fundus,
pylorus, duodenum, jejunum, ileum, cecum, colon and
rectum was collected from all experimental animals at 21
days after implantation and/or Sham, after 18hrs fasting to
GI empty. Collected samples were fixed in Bouin’s solution,
embedded in paraffin, sectioned (3~4 um), and stained with
hematoxylin-eosin stain for confirming normal architecture
of each region of GI tract. For observing the regional

pylorus (c), duodenum (d), jejunum (e), ileum (f), cecum (g), colon (h) and rectum (i). a, ¢ and h: x75; b, g and i: x150; d~f: x300, Silver

stain.



distribution and frequency of argyrophil endocrine cells in
each region of GI tract, silver stain was conducted [12].

Quantity analysis

The frequency of argyrophil cells was calculated using
automated image analysis (Soft Image System; GmBH,
Germany) under microscope (Carl Zeiss, Germany) in the
uniform area of GI mucosa among 1,000 parenchymal cells
according to the osteoporetic SD rats [15,16]. Argyrophil
cell numbers were calculated as cell numbers/1,000 parenchymal
cells.

Statistical analysis

Results are expressed as the mean + standard deviation.
Mann-Whitney U-Wilcoxon Rank Sum W test (M-W test)
was used to analyze the significance of data with SPSS for
Windows (Release 6.1.3; SPSS, USA) and a p-value of less
than 0.05 was considered a significant difference.
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Results

In this study, argyrophil endocrine cells were detected
throughout the entire GI tract of rats in both COLO205 and
Sham. Most of these argyrophil cells in the mucosa of GI
tract were generally spherical or spindle in shape (open
type), while occasionally round in shape (close type cell)
cells were also found in the gastric and intestinal gland
regions. According to the location of the GI tract, different
regional distributions and frequencies of argyrophil cells
were observed. Argyrophil cells were mainly dispersed in
the basal portions of gastric and intestinal mucosa rather
than surface epithelia regions and they were more
numerously detected in the stomach regions compared to
that of the intestinal regions. In the large intestine, more
numerous cells were detected compared to that of the small
intestine regardless of Sham (Fig. 1) and COLO205 (Fig. 2).

Among 1,000 parenchymal cells, argyrophil cells in Sham
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Fig. 2. Argyrophll endocrine cells in the GI tract of COLO205; Most of argyrophil cells were dispersed in the mucosa of the fundus (a,
b), pylorus (c), duodenum (d), jejunum (e), ileum (f), cecum (g) colon (h) and rectum (i). a: x75; b~i: x150. Silver stain.
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Fig. 3. Number of argyrophil cells in GI tract of sham ([]) and
their changes after COLO205-implantation (H). *p <0.01
compared to that of Sham (n = 10); **p < 0.05 compared to that
of Sham (n = 10).

were detected in the fundus, pylorus, duodenum, jejunum,
ileum, cecum, colon and rectum with 68.30 £ 14.65, 121.60
+23.81,10.30+1.57,2.20+£0.92, 1.90 + 0.99, 5.20 + 2.39,
23.70 +5.36 and 16.30 £ 6.13 cells, respectively. In COLO205,
argyrophil cells were detected with 41.20+ 7.52, 24.00
+14.26, 6.50£1.72, 2.30£0.82, 1.80+0.79, 2.20 +0.79,
5.70£3.02 and 11.60 % 2.72 cells/1000 parenchymal cells
in the fundus, pylorus, duodenum, jejunum, ileum, cecum,
colon and rectum, respectively. Throughout the whole
regions of GI tract, argyrophil cells showed significant
(»<0.01 or p<0.05) decrease in COLO205 compared to
that of Sham except for the jejunum and ileum. Argyrophil
cells in the jejunum and ileum of COLO205 showed similar
frequency compared to that of Sham (Fig. 3).

Discussion

COLO205 is a non-metastatic human colonic adenocarcinoma

cell line and one of the most prevalently used cancer cell
line in anti-cancer research [4,19]. Balb/c-nu/mu is an
outbred Balb/c background mouse. The original was first
reported in 1966 as a hairless mouse occurring as a
spontaneous mutation. This strain of mouse is T cell-
deficient immunodifficient mice and used excessively in
cancer research [9,13]. This strain is essential mouse for
study xenograft models in anticancer research especially in
tumor cell lines originated from human [23]. In addition, it
also used in human hepatitis C virus fields [22], and
somewhat different profiles of pancreatic endocrine cells in
this strain were already reported [27].

In the present study, the changes of the argyrophil cells in
the GI tract of Balb/c-nu/mu mouse after subcutaneous
implantation of COLO205 were observed by silver stain.
The general distribution of the argyrophil cells in the GI
tract of COLO205 showed quite similar patterns compared
to that of Sham. However, as results of COLO205-
implantation, argyrophil cells were significantly (» <0.01 or
p <0.05) decreased in the entire intestinal tract except for
the jejunum and ileum. In the pylorus, the most dramatical
changes were demonstrated. These changes might be
inducing gastrointestinal disorder observed in patients with
cancer [14]. Silver techniques have been regarded as a
general method for detecting GI endocrine cells and
Grimelius positive cells are classified as argyrophil cells
[11,12]. The GI endocrine cells were generally divided into
two types, one was round to spherical shaped close type
cells which were located in the stomach regions, and the
other was spherical to spindle shaped open type cells which
were situated in the intestinal regions. In addition, the
endocrine cells are regarded as the anatomical units
responsible for the production of gut hormones, and a
change in their density would reflect the change in the
capacity of producing these hormones [8].

It was generally accepted that the changes of argyrophil
cells were clearly related to digestive status of animals. In
Helicobacter pylori infection, hyperplasia of argyrophil
cells were demonstrated [18] and they also increased in
patients with ulcerative colitis and Crohn’s disease [7],
atrophic gastritis [1], hypergastrinemia [3], and pernicious
anemia [26]. In addition, a significantly decrease of GI
argyrophil cells were reported in the ovariectomized SD rats
[15] and in there, it has been postulated that the changes in
the GI endocrine cells are a selective process to meet the
new demands exerted by the dramatic decrease in intestinal
absorption and the decrease of GI argyrophil endocrine cells
may be responsible for the malabsorption of calcium and
lipids that occur in patients with postmenopausal osteoporosis
[15,16]. Therefore, the decreases of GI argyrophil cells
detected in the present study also considered that it directly
related to the clinically reported gastrointestinal symptoms
[14] detected in the patients with cancer.

In conclusion, implantation of tumor cell mass (COLO205)



should be induced severe quantify changes of the intestinal
endocrine cell density and the abnormality in density of
endocrine cells may contribute to the development of
gastrointestinal symptoms such as anorexia and indigestion,
frequently encountered in patients with cancer. However,
the target or individual changes of GI endocrine cells are not
clear. Elucidation of the changes of individual GI endocrine
cells using immunohistochemistry [25] will provide mechanisms
for understanding GI disorder that occurs in various
diseases. Further detailed studies with immunohistochemical
techniques will be needed.

References

L.

10.

11.

12.

13.

Belaiche J, Delwaide J, Vivario M, Gast P, Louis E,
Boniver J. Fundic argyrophil cell hyperplasia in atrophic
gastritis: a search for a sensitive diagnostic method. Acta
Gastroenterol 1993, 56, 11-17.

.Bell FR. The relevance of the new knowledge of

gastrointestinal hormones to veterinary science. Vet Sci
Commun, 1979, 2, 305-314.

.Bordi C, Pilato FP, Bertele A, D'Adda T, Missale G

Expression of glycoprotein hormone alpha-subunit by
endocrine cells of the oxyntic mucosa is associated with
hypergastrinemia. Hum Pathol 1988, 19, 580-585.

.Chen YC, Shen SC, Chow J M, Ko CH, Tseng SW.

Flavone inhibition of tumor growth via apoptosis in vitro and
in vivo. Int J Oncol 2004, 25, 661-670.

. Delwaide J, Latour P, Gast P, Louis E, Belaiche J. Effects

of proglumide and enprostil on omeprazole-induced fundic
endocrine cell hyperplasia in rats. Gastroenterol Clin Biol
1993, 17, 792-796.

.D’Este L, Buffa R, Pelagi M, Siccardi AG, Renda T.

Immunohistochemical localization of chromogranin A and B
in the endocrine cells of the alimentary tract of the green
frog, Rana esculenta. Cell Tissue Res 1994, 277, 341-349.

.El-Salhy M, Danielsson A, Stenling R, Grimelius L.

Colonic endocrine cells in inflammatory bowel disease. J
Intern Med 1997, 242, 413-419.

. El-Salhy M, Sitohy B. Abnormal gastrointestinal endocrine

cells in patients with diabetes type I: relationship to gastric
emptying and myoelectrical activity. Scand. J Gastroenterol
2001, 36, 1162-1169.

.Gao YS, Chen XP, Li KY, Wu ZD. Nude mice model of

human hepatocellular carcinoma via orthotopic implantation
of histologically intact tissue. World J Gastroenterol 2004,
10,3107-3111.

Gledhill A, Enticott ME, Howe S. Variation in the
argyrophil cell population of the rectum in ulcerative colitis
and adenocarcinoma. J Pathol 1986, 149, 287-291.
Grimelius L. A silver nitrate staining for 4,-cells in human
pancreatic islets. Acta Soc Med Ups 1968. 73, 243-270.
Grimelius L, Wilander E. Silver stains in the study of
endocrine cells of the gut and pancreas. Invest Cell Pathol
1980, 3, 3-12.

Han GZ, Liu ZJ, Shimoi K, Zhu BT. Synergism between
the anticancer actions of 2-methoxyestradiol and microtubule-

15.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

217.

GI argyrophil cells in COLO205-implanted nude mice ~ 271

disrupting agents in human breast cancer. Cancer Res 2005,
65, 387-393.

. Komurcu S, Nelson KA, Walsh D, Ford RB, Rybicki LA.

Gastrointestinal symptoms among inpatients with advanced
cancer. Am J Hosp Palliat Care 2002, 19, 351-355.

Ku SK, Lee HS, Lee JH. Changes of gastrointestinal
argyrophil endocrine cells in the osteoporotic SD rats
induced by ovariectomy. J Vet Sci 2004, 5, 183—188.

.Ku SK, Lee HS, Lee JH. A histochemical study of

argentaffin endocrine cells in the gastrointestinal tract of
ovariectomized rats. Korean J Vet Res 2004, 44, 171-177.
Lundgqvist M, Wilander E. A study of the histopathogenesis
of carcinoid tumors of the small intestine and appendix.
Cancer 1987, 60, 201-206.

Maaroos H I, Havu N, Sipponen P. Follow-up of
Helicobacter pylori positive gastritis and argyrophil cells
pattern during the natural course of gastric ulcer.
Helicobacter 1998, 3, 39-44.

Roberts WG, Whalen PM, Soderstrom E, Moraski G,
Lyssikatos JP, Wang HF, Cooper B, Baker DA, Savage D,
Dalvie D, Atherton JA, Ralston S., Szewe R, Kath JC, Lin
J, Soderstrom C, Tkalcevic G, Cohen BD, Pollack V,
Barth W, Hungerford W, Ung E. Antiangiogenic and
antitumor activity of a selective PDGFR tyrosine kinase
inhibitor, CP-673,451. Cancer Res 2005, 65, 957-966.
Romero A, Gomez F, Villamayor F, Sacristan A, Ortiz
JA. Study of the population of enterochromaffin-like cells in
mouse gastric mucosa after long-term treatment with
ebrotidine. Toxicol Pathol 1996, 24, 160-165.

Scanziani E, Crippa L, Giusti AM, Gualtieri M, Mandelli
G. Argyrophil cells in gastrointestinal epithelial tumours of
the dog. J Comp Pathol 1993, 108, 405-409.

Shan Y, Chen XG, Huang B, Hu AB, Xiao D, Guo ZM.
Malignant transformation of the cultured human hepatocytes
induced by hepatitis C virus core protein. Liver Int 2005, 25,
141-147.

Singh RP, Mallikarjuna GU, Sharma G, Dhanalakshmi S,
Tyagi AK, Chan DC, Agarwal C, Agarwal R. Oral
silibinin inhibits lung tumor growth in athymic nude mice
and forms a novel chemocombination with doxorubicin
targeting nuclear factor kappaB-mediated inducible
chemoresistance. Clin Cancer Res 2004, 10, 8641-8647.
Solcia E, Capella C, Vassallo G, Buffa R. Endocrine cells of
the gastric mucosa. Int Rev Cytol 1975, 42, 223-286.
Sternberger LA. The unlabeled antibody peroxidase-
antiperoxidase (PAP) method. In: Sternberger, L. A. (ed),
Immunocytochemistry, pp. 104-169, John Wiley & Sons,
New York, 1979.

VWilander E, Sundstrom C, Grimelius L. Pernicious
anaemia in association with argyrophil (Sevier-Munger)
gastric carcinoid. Scand J Haematol 1979, 23, 415-420.
Zeidler A, Arbuckle S, Mahan E, Soejima K, Slavin BG,
Albrecht GH, Goldman J. Assessment of pancreatic islet-
cell population in the hyperglycemic athymic nude mouse:
immunohistochemical, ultrastructural, and hormonal studies.
Pancreas 1989, 4, 153-160.



