Histogenesis of esophageal carcinoma induced by
duodenal reflux in rats
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Abbreviations ; ADC, adenocarcinoma; ASC, adenosquamous carcinoma; BCH, basal cell hyperplasia; BE, Barrett’s
epithelium; DER, duodeno-esophageal reflux; DENR, duodeno-esophageal non-reflux; ERO, erosion; RT, regenerative
thickening; RY, Roux-en-Y; SCC, squamous cell carcinoma
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Fig. 1. Diagram of surgical procedures. In the duodeno-
/ esophageal reflux (DER) group, after total gastrectomy with
closure of the duodenal stump, the esophageal stump is then
anastomosed end-to-side to the jejunum approximately 4 cm
8 distal to Treiz's ligament. This surgery induces reflux of
% < duodenal contents into the esophagus. In the duodeno-
esophageal non-reflux (DENR) group, total gastrectomy is
performed and the duodenal stump is closed with sutures.
The jejunum is cut approximately 4 cm distal to Treiz’s
ligament, and the distal end is closed with sutures. The
esophageal stump is anastomosed end-to-side with the distal
jejunum near its sutured cut end. The proximal jejunal cut end
is anastomosed side-to-side to the jejunum approximately 10
cm distal from the esophago-jejunostoma. This procedure
prevents reflux into the esophagus.

Total Gastrectomy

Duodeno-esophageal Duodeno-esophageal
reflux non-reflux

Fig.2. Histology of esophageal carcinoma. (A) Mucinous
adenocarcinoma in the lower esophagus of a rat in the DER
group 40 weeks after surgery. Adenocarcinoma invades into
musclaris propria. HE stain. (B) Squamous cell carcinoma in
the middle esophagus of a rat in the DER group 40 weeks after
surgery. HE stain. (C) Adenosquamous carcinoma in the
middle esophagus of a rat in the DER group 40 weeks after
surgery. Both components, squamous and glandular cancer,
are found in the mucosa. Transition from squamous cell
carcinoma to adenocarcinoma is observed. HE stain. ADC,
adenocarcinoma; mp, muscularis propria; SCC, squamous cell
carcinoma.
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Fig.3. Histological pictures of reflux esophagitis. (A) Erosion in the lower esophagus of a rat in the DER group 10 weeks after surgery.
This demonstrates defects of the epithelium and inflammatory cellular infiltration. This arrow shows anastomotic site. Left side is
jejunum and right side is esophagus. HE stain. (B) Regenerative thickening (RT) in the middle esophagus of a rat in the DER group 10
weeks after surgery. This shows an esophageal epithelial layer more than double the thickness, together with acanthosis, abnormal
extension of papillae towards the mucosal surface, and parakeratosis. The stratified structure of the epithelium is not disturbed. HE
stain. (C) Basal cell hyperplasia (BCH) in the middle esophagus of a rat in the DER group 10 weeks after surgery. This shows thickened
basal layer which occupies more than 15% of the epithelial layer. HE stain. (D) Squamous dysplasia in the middle esophagus of a rat in
the DER group 30 weeks after surgery. This shows dysplastic squamous cells which have large and polymorphic nuclei, deeply stained

chromatin, and increased numbers of mitotic figures. HE stain.
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Fig.4. Histology of Barrett's esophagus and columnar
dysplasia. (A) Barrett’s epithelium (BE) in the lower
esophagus of a rat in the DER group 30 weeks after surgery.
Some islands of squamous epithelium remain the epithelium.
HE stain. (B) Columnar dysplasia in the lower esophagus of a
rat in the DER group 30 weeks after surgery. This arrow
demonstrates dysplastic glandular cells which have large and
polymorphic nuclei, deeply stained chromatin, and increased
numbers of mitotic figures. HE stain. BE, Barrett’s epithelium;
SE, squamous epithelium.
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Table 1. Number of animals examined

No. of animals included group of

Postoperative

weeks DER DENR

1 8 6

10 12 8

20 12 10

30 11 10

40 11 8

50 16 I

DER, duodeno-esophageal reflux ; DENR, duodeno-esophageal
non-reflux

Table 2. Incidence of carcinoma

Postoperative G No. of animals No. (%)of animals
weeks roup examined with carcinoma
20 DER 12 1(8)
DENR 10 0(0)
30 DER 11 1(9)
DENR 10 0(0)
40 DER 11 6(55) X
DENR 8 0 (0) ]
50 DER 16 11(69) *j*
DENR 11 0(0)

DER, duodeno-esophageal reflux ; DENR, duodeno-esophageal
non-reflux. % p<0.05, #+# p<0.001 by Fisher's exact test.



48

R LR &I DER # CHiff4 18
10;ELAFe T DER Fe&flizfo bis,
BN, BAEEERAERCERTH 7.

BE |3 DER BEO10ET 8 %20 LA, 20 T3B%TH -7z

&

ATIEED LT, #itk
W% 10:8 LAFE 1X DENR

3

e %r @%ﬁ
ImRﬁwl (3% DAL DR O 53 A5 W HRIE 2 R
t&&w#,ﬁﬁm&+ TR O REIC LD 10:B LR TIZY
BEPLEEOEANI G 2 - THIRDEY 2R L7,

A%, 308, 408, 50:ETENEFNII%, 100%, 94% & 30:ELL Thbh, LEOYEHA, S IEIZAT, BE, ERO, R
M3 IZRBD b7z, DENR #TiZ5008 0 18% 12580 B:hf' LEREM, BCH, L T RT % EOFREDFIRICEST L Tn
2%, A0BURITIZRED b - /2. 30 LI L DER ##iz 72 (& 5A). MAE LR EERIE BE W& ERA T2 2008 THRAE
VT BFEEMHEX DENRBIIRTHBICRETH - 2. L, ADC MM LR EBR L D FEL, mﬂt%u-%S%

M EfETRE 1E, 108 TIIED S RE WD,
LOTED SN, 30, 40, 50D KB TIZFNLFNEEER i64%,
91%, 88% TH-7z. L& L, DENR #ETIZTN OB IC
MEEEERERD b or:.

208 T

9%H BNz (F 5B). ADC i34 fHEIZ BE 25850
&L THAEL (M 5C), SCC ik BCH @%ﬁu; UL A U ATAN
ASC i3 SCC & [AI#%, BCH OFMz & b F4: LT\ 7228, SCC X
O AT PAEN L& LT v 7z (1 5D).

Table 3. Histological types of carcinoma in the DER group

. No. of . No. of carcinoma histologically
Postoperative . No. of animals No. of classified as
weeks eaxrgfnl: d with carcinoma carcinoma
ADC ScC ASC
20 12 1 1 1 0 0
30 11 1 1 1 0 0
40 11 6 7 5 1 1
50 16 11 11 7 2 2

DER, duodeno-esophageal reflux ; ADC, adenocarcinoma ; SCC, squamous cell carcinoma ; ASC,
adenosquamous carcinoma.
 One animal bears two types of carcinoma. One is SCC, the other is ADC.

Table 4. Depth of invasion of carcinoma in the DER group

Postoperative No. of No. of carcinoma invading into
weeks carcinoma sm mp a, 2, a,
40 - 7 2 3 1 1 0
50 11 0 7 1 2 1

DER, duodeno-esophageal reflux ; sm, submucosa ; mp, muscularis propria ; a;, invasion reaching the
adventitia; a,, definite invasion into the adventitia; a,, invasion into the neighboring structures.

Table 5. Incidence of histopathological findings

No. of Incidence (%) of
Postoperative o
Group animals S Col
weeks ‘ quamous olumnar
examined ~ ERO RT BCH dysplasia BE dysplasia
1 DER 8 88 *]* g8 XX 25 0 0 0
DENR 6 0 0 0 0 0 0
10 DER 12 92 XK g0 XI* g0 *]** 100 X g 0
DENR 8 33 13 13 0 0
20 DER 12 100 *]** 100 %, 100 *]** 100 % 33 8
DENR 10 10 40 10 10 0 0
30 DER 11 100 *]** 100 2% 100 KK 1o KK gy KK g KX
DENR 10 10 20 0 0 0 0
Johok  dekok
40 DER 11 100 *]** 100 100 X 100 2 100 01
DENR 8 13 75 50 33 0 0
50 DER 16 100 *]** 100 100 *]** 100 ’j** 04 *]** 88 ’ﬁ**
DENR 1 18 73 36 27 18 0

DER, duodeno-esophageal reflux ; DENR, duodeno-esophageal non-reflux ; ERO, erosion ; RT, regenerative thickening ;
- BCH, basal cell hyperplasia ; BE, Barrett's epithelium,
* p<0.05, %% p<0.01, %%+ p<0.001 by Fisher's exact test.
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RT, BCH, RT, BCH,

Squamous dysplasia e BE Squamous dysplasia
.—/
— ERO Normal
\\
Columnar
dysplasia,
ADC

SCC

Normal

Columnar
dysplasia,
ADC

Fig.5. Topographical relationship between carcinomas and other pathological findings. (A) A map of histological lesions in the DER
group 10 weeks after surgery. This shows Barrett's epithelium, erosion and squamous esophagitis including regenerative thickening,
basal hyperplasia, and squamous dysplasia are zonally arranged from the anastomotic line to the upper esophagus. (B) A map of
histological lesions in the DER group 20 and 30 weeks after surgery. It demonstrates that Barrett’s epithelium spreads toward the upper
esophagus and columnar dysplasia is detected in the zone of Barrett’s epithelium. Adenocarcinoma develops near anastomosis in the area
of columnar dysplasia. (C) Light micrograph of concurrent columnar dysplasia and adenocarcinoma. Mucinous adenocarcinoma in the
lower esophagus of a rat in the DER group 40 weeks after surgery. Mucinous adenocarcinoma is surrounded by columnar dysplasia.
These arrows show columnar dysplasia. HE stain. (D) A map of histological lesions in the DER group 40 and 50 weeks after surgery. It
demonstrates that adenosquamous carcinoma and squamous cell carcinoma develop from the proximal esophagitis. Adenosquamous
carcinoma is located lower in the esophagus than squamous cell carcinema. ADC, adenocarcinoma; ASC, adenosquamous carcinoma;
BCH, basal cell hyperplasia; BE, Barrett’s epithelium; ERO, erosion; SCC, squamous cell carcinoma.
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Abstract

The experiment was designed to sequentially examine esophageal carcinoma induced by duodenal reflux. Wistar male
rats weighing approximately 250g were used. Having received total gastrectomy, the animals were divided into two groups;
the DER, (animals received duodeno-esophageal reflux procedure with Schiatter’s reconstruction) group (n=120) and the
DENR (those with duodeno-esophageal non-reflux with Roux-en-Y reconstruction) group (n=100). The number of animals
that survived longer than one week after surgery was 107 and 71 in the DER and the DENR group, respectively. The animals
selected at random were killed every 10 weeks after surgery for 50 weeks. The number of the examined animals in the DER
and the DENR group was as follows: 8 and 6, 1 week; 12 and 8, 10 weeks; 12 and 10, 20 weeks; 11 and 10, 30 weeks; 11 and
8, 40 weeks; and 16 and 11, 50 weeks after surgery, respectively. One week after surgery, erosion, regenerative thickening of
mucosa and basal cell hyperplasia were recognized at lower esophagus of the DER animals. Over 10 weeks after surgery,
Barrett’s epithelium, erosion and squamous esophagitis including squamous dysplasia were zonally arranged from the
anastomotic line to the upper esophagus in the DER group. Columnar dysplasia developed in the area of Barrett’s epithelium
near anastomosis in the DER group 20 weeks after surgery. Adenocarcinoma developed near anastomosis 20 weeks after
surgery, and was swrrounded by columnar dysplasia. The incidence of adenocarcinoma was 8%, 9%, 45% and 44% in the
DER group 20, 30, 40 and 50 weeks after surgery, respectively. Adenosquamous and squamous cell carcinoma arose from the
area where basal cell hyperplasia and squamous dysplasia developed. The incidence of adenosquamous carcinoma in the DER
group was 9% and 13%, 40 and 50 weeks after surgery, respectively. The incidence of squamous cell carcinoma in the DER
group was also 9% and 13%, 40 and 50 weeks after surgery, respectively. These data suggest two kinds of process of the
esophageal carcinogenesis by duodenal reflux; one is that adenocarcinoma develops from columnar dysplasia which is
originated in Barrett’s epithelium, the other is that adenosquamous or squamous cell carcinoma develop from squamous
esophagitis.




