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TABLE 1. Characteristics of Enrolled Patients TABLE 2. Delayed Gastric Emptying and Postoperative
Course
PpPD PrPD
(n=64) (n = 66) P PpPD (n=64) PrPD(n=66) P

Age, y1s 68+9 67+9 0.5776 Delayed gastric emptying* 11 (17.2%) 3 (4.5%) 0.0244
Gender (male/female) 33/31 38/28 0.6084 Grade A 6 (9.4%) 1(1.5%)
Diabetes (yes/no) 18/46 19/47 0.9999 Grade B 5(7.8%) 1(1.5%)
Preoperative biliary drainage (yes/no) 34/33 26/40 0.2532 Grade C 0 (0%) 1(1.5%)
Diabetes (yes/no) 18/46 19/47 0.9999 Removal of nasogastric catheter, d 0.6 £0.9 0610 09410
Serum hemoglobin, g/dL* 13.04+15 125+13 0.2184 Reinsertion of nasogastric catheter 8 (12.5%) 2 (3.0%) 0.0527
Serum creatinine, mg/dL+t 068402 072£02 0.1903 Start of solid diet, d 63437 5.6+£33  0.1138
Serum total bilirubin, mg/dL} 38440 40+6.0 0.7965 Postoperative hospital stay, d 241+ 148 2434155 0.9305
Serum amylase, IU/L§ 124£134  111£104 05232 *Delayed gastric emptying is defined according to the International Study Group of
Benign tumors/malignant tumors 12/52 14/52 0.8953 Pancreatic Surgeons.

Pancreatic adenocarcinoma 17 23

Bile duct carcinoma 18 15

Ampullary adenocarcinoma 6 3 TABLE 3. Results of Gastric Emptying Assessed by

Duodenal adenocarcinoma 0 1 13C-Acetate Breath Test

Intraductal papillary neoplasms 15 15

Pancreatic endocrine tumor 1 2 PpPD PrPD

Tumor forming pancreatitis 3 5 (n=64) (n = 66) P

Other disease 4 2
Operative time, min 342 £ 71 35884 02631 Postoperative upper gastrointestinal
Intraoperative bleeding, mL 8204987 902+ 1075 0.6527 gastrografin series, s* 2724313 10.1+9.0 0.0001
Red blood cell transfusion, units 1.1£3.0 1.9+£5.0 0.2400 1B C-acetate breath test, minf
Lymph node dissection (D1/D2) 9/55 9/57 0.9999 1 mo after surgery 34.0£24.1 1874297 <0.0001
Portal vein resection (yes/no) 5/59 10/56 0.3007 3 mo after surgery 265+21.1 1734117 0.0136

*Normal range of hemoglobin: 12—17.5 g/dL. 6 mo after surgery 26.7+188 1744132 0.0197

{Normal range of creatinine: 0.53—1.02 mg/dL.
1Normal range of total bilirubin: 0.2—1.2 mg/dL.
§Normal range of amylase: 15—150 TU/L.

n = 12; PrPD: n = 14). Background data and perioperative status
were similar in the 2 groups. -

Incidence of DGE and Postoperative Course
Associated With DGE ‘

The overall incidence of DGE in this RCT was 10.8% (14 of
the 130 patients); the overall incidence of DGE was 4.5% in PrPD
and 17.2% in PpPD, a significant difference (P = 0.0244). Delayed
gastric emptying was classified into 3 categories by ISGPS.*® The
proposed clinical grading of 11 patients with DGE in PpPD are grade
A (n=6), grade B (n = 5), and grade C (n = 0). In PrPD, 1 patient in
each grade classification reported DGE. The 2 groups did not differ
significantly in management of the nasogastric catheter, start of solid
foods, and postoperative length of hospital stay (Table 2).

Time of passage from esophagogastric junction to gastroje-
Jjunostomy or duodenojejunostomy by postoperative upper gastroin-
testinal gastrografin series on postoperative day 7 was significantly
delayed in PpPD compared with PrPD (27.2 & 31.3 s versus 10.1 &
9.0 s, P < 0.0001). The results of the time of peak *CO, content
are shown in Table 2. The time of peak *CO, content at 1, 3, and
6 months after surgery in PpPD was significantly delayed compared
with PrPD (34.3 =+ 24.6 minutes versus 18.7 4 11.8 minutes, 26.5 =+
21.1 minutes versus 17.3 & 11.7 minutes, and 26.7 & 18.8 minutes
versus 17.4 =+ 13.2 minutes, respectively). Thus, the gastric empty-
ing of *C-acetate breath test or postoperative upper gastrointestinal
gastrografin series was significantly delayed in patients in the PpPD
group compared with those undergoing PrPD (Table 3).
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*Time for the passage of gastrografin from esophagogastric junction to gastroje-
junostomy or duodenojejunostomy was measured on postoperative day 7.

1Gastric emptying was evaluated by the time of peak '*CO, content in '*C-acetate
breath test at 1, 3, and 6 months after surgery.

Postoperative Complications

Table 4 shows the other postoperative complications in the
PpPD and PrPD groups. The groups did not differ significantly in
the incidence of other postoperative complications, specifically, clin-
ically relevant pancreatic fistula, intra-abdominal abscess, and intra-
abdominal hemorrhage. The overall rate of pancreatic fistula in this
RCT was 29.2% (38 of 130 patients). Moreover, pancreatic fistula was
classified into 3 categories by ISGPF>': grade A in 22 of the 130 pa-
tients (16.9%), grade B in 12 patients (9.2%), and grade C in 4 patients
(3-1%). Ultrasonography-guided percutaneous drainage was required
for intra-abdominal abscess in 14 (10.7%) of the 130 patients. More-
over, there was no significant difference between patients with and
without pancreatic fistula concerning to the incidence of DGE (15.8%
and 8.7% in patients with and without pancreatic fistula, respectively;
P = 0.3812). All patients (n = 3) with intra-abdominal hemorrhage
in this study were classified as grade B according to the criteria of
ISGPS.*? Although 1 patient in the PpPD group and 2 patients in
PrPD group had intra-abdominal bleeding complicated by pancreatic
fistula, complete hemostasis was achieved by interventional radio-
graphic techniques. Reoperation rate in this study was 0.8% (1 of
the 130 patients), and 1 patient underwent a reoperation requiring
drainage on postoperative day (POD) 7 for pancreatic fistula. The
postoperative course was uneventful and discharged on POD 40. The
mortality rate in this study was 0.8% (1 of the 130 patients). One
patient in the PrPD group died because of nonobstructive membrane
ischemia.
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TABLE 4. Postoperative Complications and Outcomes

TABLE 5. Long-Term Outcomes Between PpPD and PrPD

PpPD (n = 64) PrPD (n=66) P

Pancreatic fistula® 19 (29.6%) 19 (28.83%)  0.9999

Grade A 11 (17.1%) 11 (16.7%)

Grade B 7 (10.9%) 5(7.6%)

Grade C 1(1.6%) 3 (4.5%)
Intra-abdominal abscess 8 (12.5%) 6 (9.1%) 0.7309
Intra-abdominal hemorrhage 1(1.6%) 2 (3.0%) 0.9999
Intraabdominal hemorrhage 1(1.6%) 2 (3.0%) 0.9999

Grade A 0(0%) 0 (0%)

Grade B 1 (1.6%) 2 (3.0%)

Grade C 0(0%) 0 (0%)

‘Wound infection 2(3.1%) 2 (3.0%) 0.9999
Pulmonary complications 1(1.6%) 2 (3.0%) 0.9999
NOMI 0 (0%) 1(1.5%) 0.9999
Percutaneous drainaget 8 (12.5%) 6 (9.1%) 0.7309
Reoperation] 0 (0%) 1(1.5%) 0.9999
Mortality§ 0 (0%) 1 (1.5%) 0.9999

*Pancreatic fistula is defined according to the International Study Group of
Pancreatic Surgeons.

tPercutaneous drainage done as postoperative management of intra-abdominal
abscess related to pancreatic fistula.

$One patient underwent reoperation requiring drainage for pancreatic fistula.

§One patient died because of nonobstructive membrane ischemia (NOMI).

Comparison of QOL, Nutritional Status, and Body
Weight Change Between PpPD and PrPD

The overall QOL scores from the FACT-Ga scales are pre-
sented in Table 5. The highest possible scores for the physical, social,
emotional, and functional subscales in FACT-G are 28, 28, 24, and
28, respectively. The highest possible score for the 19-item FACT-Ga
subscale is 76. The highest possible score of total FACT-Ga score by
combining total FACT-G score and FACT-Ga subscale is 184. No sig-
nificant differences were found in the results of any subscale score or
the total FACT-Ga scores at 1, 3, and 6 months after surgery between
PpPD and PrPD.

Moreover, the patients who underwent PpPD and PrPD did
not differ significantly in endocrine function or body weight change
before surgery and at 1, 3, and 6 months postoperatively (Table 5).

Among serum nutritional parameters as assessment of nutri-
tional status, rapid turnover proteins, such as albumin, prealbumin,
transferrin, and retinol-binding protein, were decreased at 1 month
after surgery. The levels were gradually restored thereafter and re-
covered to baseline or higher than the preoperative levels at 6 months
after surgery. The changes in those parameters were similar in the 2
groups (Table 6).

DISCUSSION

The reported overall incidence of DGE according to the new
definitions from ISGPS is 33% to 47%.!%32 In previous studies,
the pathogenesis of DGE after PpPD has been thought to include
several factors, such as (1) antroduodenal ischemia,?®*® (2) gastric
atony caused by vagotomy,>* (3) pylorospasm,'’-1? (4) absence of gas-
trointestinal hormone,> (5) gastric dysrhythmia secondary to other
complications such as pancreatic fistula,'!4%3% and (6) antroduo-
denal congestion.?! Operative techniques using antecolic reconstruc-
tion for duodenojejunostomy?* and postoperative management using
erythromycin?>*> were reported to reduce the incidence of DGE.
However, the relatively high incidence of DGE after PpPD remains
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PpPD PrPD
(n=64) (n = 66) P
Quality of life
Total FACT-Ga score, range 0—184
1 mo after surgery 119.9+243 1204 +£29.7 0.9205
3 mo after surgery 1323+£213 12544268 0.1630
6 mo after surgery 139.1£229 1396214 09140
FACT-Ga subscale, range 0—76
1 mo after surgery 483+ 123 492+16.6 0.7479
3 mo after surgery 55.9+102 539133 03935
6 mo after surgery 59.6 +11.0 60.1+11.3 0.8137
Change of body weight, kg
Before operation 549+ 10 5509 0.9335
1 mo after surgery 50.0+ 10 0048 0.8547
3 mo after surgery 49.8 £ 10 48.8+8 0.5624
6 mo after surgery 509+ 11 500+8 04712
Endocrine function
HbA,* %
Before operation 58+£13 6017 04558
3 mo after surgery 5.6 +0.7 5.6+0.8 0.9596
6 mo after surgery 57+1.0 57+12 08534
New-onset or worsening diabetest ~ 3/64 (4.7%)  2/66 (3.0%) 0.6777
New diabetes 2 1
‘Worsening diabetes 1 1

*Normal range of HbA|.: 3.8—5.1 g/dL.

fNew-onset diabetes is defined as diabetes requiring new medical treatment such as
diet treatment, oral drug, or insulin. Worsening diabetes is defined as diabetes requiring a
modification of the medical treatment for deterioration of previously diagnosed diabetes.

unsolved and we should consider ways to improve the surgical tech-
nique to decrease the incidence of DGE.

None of the 139 eligible patients in this study had lymph
nodes metastasis of the peripylorus region. However, infrapyloric -
lymph nodes metastasis in pancreatic head carcinoma was reported
to be 12%.%® Therefore, the sampling or dissection of the peripylorus
lymph nodes should be needed in patients with pancreatic head carci-
noma. In the present study, we hypothesized that preservation of the
pylorus ring is a risk factor for DGE and assessed whether resection of
the pylorus ring with preservation of nearly the entire stomach (des-
ignated as PrPD) would significantly reduce the incidence of DGE
compared with that in conventional PpPD. The results confirmed our
hypotheses with the DGE rate of 17.2% in PpPD compared with that
of 4.5% in PrPD (P = 0.0244). This is the first RCT to clarify that
PrPD reduces the incidence of DGE compared with PpPD. If such
reduced incidence of DGE is achieved by PrPD, one would expect
a shorter hospital stay in the PrPD group. However, postoperative
hospital stay in both groups may be longer than that observed in the
Western countries. The Japanese health care system is different from
the Western countries. Therefore, comparing lengths of postoperative
hospital stay is difficult between Japan and the Western countries. Sev-
eral studies proposed that gastric dysrhythmia secondary to other ab-
dominal complications, such as pancreatic fistula or intra-abdominal
abscess, induced the incidence of DGE.!2!436-3% In the present study,
we found no significant differences between PpPD and PrPD in the
incidence of clinically relevant pancreatic fistula or intra-abdominal
abscess. Therefore, other postoperative complications had no bias
or influence on thé incidence of DGE in this study evaluating the
2 procedures. Many pancreatic surgeons believe that DGE after PD is
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TABLE 6. Nutritional Status Between PpPD and PrPD

PpPD PrPD
(n = 64) (n = 66) P

Albumin,* g/dL

Before operation 4.1+£0.5 4.0£0.5 0.6493

1 mo after surgery 3.6+0.6 3.7+£0.5 0.5425

3 mo after surgery 39406 3.8+0.6 0.2810

6 mo after surgery 4.0+ 041 3.9+ 041 0.4153
Prealbumin,{ g/dL

Before operation 2224171 21.0+6.3 0.3192

1 mo after surgery 154+54 1524438 0.7877

3 mo after surgery 19.0£59 174+ 4.6 0.1147

6 mo after surgery 21.0£ 5.0t 194£57F  0.0944
Transferrin,§ mg/dL

Before operation 233+ 49 233+ 42 0.9892

1 mo after surgery 197 + 47 197 £ 47 0.9694

3 mo after surgery 225452 213 459 0.2532

6 mo after surgery 252 + 52t 232 £ 57t 0.0587
Retinol-binding protein, * mg/dL

Before operation 37+14 34412 0.2089

1 mo after surgery 24409 23+09 0.5518

3 mo after surgery 29+1.0 26+1.0 1003

6 mo after surgery 3.1+ 1.1% 3.0+ 1.2¢ 6579

*Normal range of albumin: 3.8—5.1 g/dL.

1The level at 6 months after surgery recovered to the baseline or higher than the
preoperative level.

{Normal range of prealbumin: 22—40 mg/dL.

§Normal range of transferrin: 200--400 mg/dL.

*Normal range of retinol-binding protein: 2.4—7 mg/dL.

caused by local and systemic septic complications. This study again
demonstrates that there are complication-unrelated mechanisms for
DGE.

As for prophylactic management of pylorospasm due to
denervation after PpPD, 2 reports described the operative tech-
nique including the mechanical dilatation of the pylorus ring and
pyloromyotomy.'®!° It has been proposed that the addition of pyloric
dilatation in PpPD reduces the incidence of DGE from 26% to 6.5%
(P < 0.05) compared with conventional that in PpPD.'® On the other
hand, the addition of pyloromyotomy in PpPD reduces the incidence
of DGE from 21% to 2% (P < 0.01) compared with that in conven-
tional PpPD.!® However, these 2 studies were not RCTs. To avoid bias
issues, RCTs should be performed to determine the better surgical
procedure.

The 13C-acetate breath test is a simple and excellent indirect
test for gastric emptying.?® In particular, the time of peak *CO, con-
tent has been reported to be a more useful marker reflecting gastric
emptying.?® To our knowledge, no reports have evaluated gastric emp-
tying by the 13C-acetate breath test in patients with pancreatic head
resection. In this study, gastric emptying assessed by the 1*C-acetate
breath testat 1, 3, and 6 months after surgery was significantly delayed
in patients undergoing PpPD compared with that in those undergoing
PrPD. This result of the 1*C-acetate breath test supported the hypothe-
sis that the incidence of DGE was significantly lower in PIPD (4.5%)
than in PpPD (17.1%). On the other hand, rapid gastric emptying
in the 1C-acetate breath test seems to reflect dumping syndrome af-
ter gastrectomy. However, only 1 of 66 patients (1.5%) in the PrPD
group had dumping syndrome, and no patient undergoing PpPD had
this complication.
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Pylorus-preserving pancreatoduodenectomy has been reported
to reduce syndromes occurring after gastrectomy, including dumping
syndrome, diarrhea, and poor recovery of body weight and to afford
patients a better nutritional status compared with that in PD with
antrectomy.*'? Pylorus-resecting pancreatoduodenectomy may lead
to gastrectomy syndromes because of resecting the pylorus ring, as
done in PD with antrectomy. Moreover, no reports have evaluated
QOL for syndromes after gastrectomy or gastric emptying function
between patients with preservation and resection of the pylorus ring
in PD. The gastric cancer—specific FACT-Ga questionnaire, which
consists of the 27 items from the FACT-G and 19 gastric cancer—
specific items, was reported to reflect postgastrectomy syndromes.?’
The incidence of DGE greatly influences postgastrectomy syndrome
or postoperative gastric emptying function. We believe that FACT-Ga
is the best QOL questionnaire to evaluate the differences of QOL
in patients with or without DGE. Therefore, FACT-Ga questionnaire
was chosen in this RCT to compare PpPD and PrPD regarding post-
gastrectomy syndromes or gastric emptying function. In this study,
no significant differences occurred in postgastrectomy syndromes or
sensation of gastric fullness between PpPD and PrPD. More than 95%
of the stomach is preserved in PrPD, and the stomach pooling ability
is preserved in PrPD in the same way as in PpPD, although the pylorus
ring was resected. However, the next step is to clarify whether PrPD
is a better surgical procedure compared with conventional PD with
antrectomy. )

In conclusion, this study suggested that PrPD can lead to a
significant reduction in the incidence of DGE compared with con-
ventional PpPD. The patients enrolled in this study will be followed
carefully in terms of nutritional status and QOL for 1 year and 2 years
postoperatively and evaluated for the better procedure.
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Carcmoembryomc antrgen-related cell adhesron molecule 1 (CEACAMI) is known to be downregulated at the transcrrphonal
level in adenoma and carcmoma Recent reports have shown that CEACAMi is overexpressed at protem level in colorectal
cancer and correlated wrth clrmcal stage. The reason why colorectal cancer cells re- expressed CEACAM1 remams unclear. The
aim of our study was to clanfy the |mpllcat|on of CEACAMl re-expressron in colorectal cancer. Immunohlstochemrcal analyses
were conducted wrth CEACAMi long (CEACAM1 l.) or short (CEACAMLS) cytoplasmrc domam -specific antrbodres on clinical
samples from 164 patrents with colorectal cancer. The risk factors for metastasrs and survnval were calculated for clinical -
|mpl|catlon of CEACAM1 re~expressron. Invasion chamber and wound healmg assays were performed for the effect of
CEACAM1 expressron on mvasron and mlgratron of colorectal cancer cells. CEACAM1 L and CEACAM1-S stamed with greater
mtensrty at thei mvasnon front than at the lummal surface of tumors. Differences between the long and short cytoplasmlc
isoform expressuon levels Were obsen.'ed at the |nvasmn front. Multivariate analysrs showed that CEACAM1- L dommance was
an mdependent risk factor for lymph node metastasrs hematogenous metastasts and short survival. The Kaplan —Meier
evaluation demonstrated that CEACAM1- L dominance was associated w:th shorter survival time (p < 0. 0001) In the invasion”
chamber and wound healmg assays, CEACAM1- L promoted invasion and mrgrataon. Re-expression of CEACAM1 is observed at

the invasion front of colorectal cancer. CEACAM1-L dominance is asscciated with metastasis and shorter survival of the
patients with colorectal cancer. CEACAM1-L dominance is important for colorectal cancer cells invasion and migration.

Carcinoembryonic antigen-related cell adhesion molecule 1
(CEACAM]) is a cell adhesion molecule, formerly known as
CD66a or biliary glycoprotein 1, which belongs to the carcino-
embryonic antigen family and a subgroup of the immunoglobu-
lin (Ig) superfamily.’ CEACAMI is known to be a tumor sup-
pressor, which acts as a regulator of apoptosis.> The expression
of CEACAMI is downregulated in malignant tissues derived
from colon,” breast,” prostate® and endometrium.® On the other
hand, upregulation of CEACAMI is associated with a short
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survival and metastatic spread in patients with cutaneous ma-
lignant melanoma’ and in lung adenocarcinoma.®

In colorectal cancers, the mRNA level of CEACAMI1 was
downregulated in colorectal adenomas and adenocarcinomas.®
However, recent reports have demonstrated that the protein
expression of CEACAMI is upregulated in adenocarcino-
mas,”'® and that the intensity of the entire CEACAM1 protein
was correlated with the stage of TNM classification,'® but not
significantly correlated with the overall survival or disease-free
survival.” No study has so far determined the reason for the
re-expression of CEACAM]1 in colorectal cancer.

CEACAM]1 has alternatively spliced isoforms with either
three or four Ig-like extracellular domains and a long (CEA-
CAMI-L) or a short (CEACMI-S) cytoplasmic tail.!' The
long cytoplasmic domain contains two immunoreceptor tyro-
sine-based inhibitory motifs (ITIMs) that can be phosphoryl-
ated by Src kinases'? and, once phosphorylated, can bind the
SHP-1 and-2 phosphatase.”” The long cytoplasmic domain
also binds actin and tropomyosin.  In contrast, the short
cytoplasmic domain isoform, with 12-14 amino acids and no
ITIMs, can bind actin, tropomyosin, annexin II and calmod-
ulin.'* Therefore, the long and short cytoplasmic domain
isoforms play distinct roles in the regulation of cytoskeleton
assembly and signaling pathways. The determination of the
CEACAMI cytoplasmic domain isoform expression levels
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can provide new information regarding the implication of
re-expression of colorectal cancer.

In our study, we presented, by using CEACAM1 long
or short specific antibodies, re-expression of CEACAMI
distributed at the invasion front, suggesting that CEACAM1
re-expression was involved in cancer cells invasion and
migration. Also, we showed that the relative expression levels
of the CEACAMI cytoplasmic isoforms were correlated with
invasion and migration of colorectal cancer cells.

Material and Methods

Patients

One hundred and sixty-four patients with colorectal cancer
who underwent surgery were enrolled in this study between
January 2002 and December 2003 in Wakayama Medical Uni-
versity Hospital (WMUH). The patients included 26 Stage I,
63 Stage II, 47 Stage III and 28 Stage IV colorectal carcinomas
based on the TNM dlassification. The mean age of the patients
was 65.3 * 11.8 years, and there were 95 male and 69 female
subjects. The tumors were resected from either the colon (1 =
90) or the rectum (n = 74). The follow-up period was 5 years.
Stage III and IV patients received 5-fluorouracil-based postop-
erative chemotherapy, whereas Stage I and II patients received
no chemotherapy. Our study was approved by the Human
Ethics Review Committee of WMUH.

Generation of polyclonal antibodies specific for

CEACAM1-L and CEACAM1-S

To generate antibodies to the short cytoplasmic domain of
CEACAM], the peptide whose sequence was the entire short
form 12 amino acid sequence with two lysines at the N ter-
minus (KKHFGKTGSSGPLQ) was conjugated to keyhole
limpet hemocyanin with glutaraldehyde and immunized into
a mouse.

To generate antibodies to the long form, the C-terminal
peptide with two lysines at the N-terminal end (KK PSLTA-
TEHY SEVKKQ) was conjugated to keyhole limpet hemocya-
nin with glutaraldehyde and immunized into a rabbit.

Immunohistochemistry

Immunohistological staining using the streptavidin-biotin
methods was performed. Tissue sections (4-pm thick) were
prepared from formalin-fixed paraffin-embedded blocks. Sec-
tions were deparaffinized and autoclaved at 121°C for 10 min
in 0.1 M citrate buffer (pH 6.0). Endogenous peroxidase
activities were blocked by incubation in 3% hydrogen perox-
ide for 5 min at room temperature. The slides were washed
with PBS buffer solution and incubated with serum-free pro-
tein blocking solution (X0909, DAKO, USA) for 10 min at
room temperature. Thereafter, the sections were incubated
with the primary antibodies, rabbit anti-human CEACAM-
long-specific polyclonal antibodies (1:1,000) or mouse anti-
human CEACAM-short (1:500)-specific polyclonal antibodies
for 18 hr at 4°C. The specificity and selectivity of CEACAM-
long-specific antibodies or CEACAM-short-specific antibodies

CEACAM1-L dominance and colorectal cancer

were confirmed by Western blotting analyses and immuno-
histochemistry in Figure 1. A biotinylated secondary antibody
and peroxidase-conjugated streptavidin from Nichirei Histo-
fine MAX-PO(M) kit (Nichirei, Japan) were applied for 30
min at room temperature. Finally, the sections were incu-
bated in 3,3'-diaminobenzidine for 10 min, followed by he-
matoxylin counterstaining and slide mounting. All specimens
were blindly reviewed twice by three individuals including a
pathologist (J.I, S.Y. and Y.N.). If discrepancies arose, the
specimens were discussed to achieve a consensus while
being viewed with a multihead microscope. The correlation
between the CEACAM]I isoform balance and the clinicopa-
thological characteristics of these patients was evaluated. All
pictures excluding fluorescence immunohistochemistry were
acquired using a Nikon Eclipse 80i (Nikon, Japan), with the
NIS-Elements D 2.30 software program (Nikon, Japan).

To investigate the specificity of the polyclonal antibodies,
we performed the proximity ligation assay (Duolink™ in situ
PLA, Olink Bioscience, Uppsala, Sweden) for paraffin-embed-
ded tissue slides according to the manufacture’s instructions.
We use a rabbit anti-CEACAMI-L polyclonal antibody and a
mouse anti-CEACAMI1 monoclonal antibody (29H2) as pri-
mary antibodies. Subsequently, slides were visualized using a
Biorevo BZ-9000 fluorescence microscope (Keyence, Osaka,
Japan).

Cells lines

Two human colorectal cancer cell lines were used in our
study. LS174T and HT29 cells were purchased from the
American Type Culture Collection (Manassas, VA). LS174T
cells were maintained in Eagle’s minimum essential medium
(WAKO, Tokyo, Japan) supplemented with 10% fetal bovine
serum (FBS) (GIBCO, Grand Island, NY), 100 U/ml of peni-
cllin G, 100 pg/ml of streptomycin and 0.25 pg/ml of
amphotericin B (GIBCO) at 37°C in a humidified 5% CO,
atmosphere. HT29 cells were maintained in McCoy’s 5A
(GIBCO) medium containing 10% FBS (GIBCO), 100 U/ml
of penicillin G, 100 pg/ml of streptomycin and 0.25 pg/ml of
amphotericin B (GIBCO) at 37°C in a humidified 5% CO,
atmosphere.

Transfection and RNA interference

CEACAM1-4L or -4S ¢DNA cloned into the pH-f actin vec-
tor'® (0.8 pg ) was mixed with 1 pl of Lipofectamine 2000
(Invitrogen) in a final volume of 100 pl of Opti-MEM me-
dium and was added to LS174T and HT29 cells grown to
40% confluence in 24-well plates. Forty-eight hours after
transfection, G418 solution (Roche, Basel, Switzerland) was
added in the appropriate concentration. The stably trans-
fected cells were maintained in each medium as described.
Short hairpin RNA (shRNA) plasmids designed to target
CEACAM1 were synthesized by SABiosciences (Frederick,
MD) as follows: insert sequence CCA CAA ATG ACA CTG

Int. J. Cancer: 129, 1351-1361 (2011) © 2011 UICC
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Figure 1. Specificity of polyclonal anti-CEACAM1-L and -S antibodies. (a) Western blot with a clinical sample of colon cancer showed that
the antibodies have no cross reactivity with other proteins. (a’) Westem blot with CEACAM1-L-specific polyclonal antibodies; (b") Western
blots with CEACAM1-S-specific polyclonal antibodies. 4L: CEACAM1-4L; 4S: CEACAM1-4S; 3L: CEACAM1-3L; 3S: CEACAM1-3S. (b) All three
antibodies, mouse anti-CEACAM1 monoclonal antibodies (29H2, CEACAM1), rabbit anti-CEACAM1-L polyclonal antibodies (Long) and mouse
anti-CEACAM1-S antibodies (Short), had same staining pattern at the luminal surface of the tumor. (¢) Proximity ligation assay with DAPI
staining (blue) showed colocalization (red) of mouse monoclonal anti-CEACAM1 antibodies and rabbit polycional anti-CEACAM1-L

antibodies at the luminal surface of the tumor.

GAA TCT and gga atc tca ttc gat gca tac (Negative control).
Each plasmid (0.8 pig) was transfected as described above.

Reverse transcriptase-polymerase chain reaction

Total RNA was prepared using the RNeasy mini kit (Qiagen,
Hilden, Germany) and was subjected to reverse transcription
using the Reverse Transcription System (Promega, Madison,
WI). Reverse transcriptase-polymerase chain reaction was
performed using the TaKaRa Taq enzyme (Takara, Shiga, Ja-
pan). The PCR conditions were 35 cycles of denaturation,
annealing and extension (94°C for 30 sec, 55°C for 30 sec
and 72°C for 1 min). The primers for the human CEACAM1
gene were as follows: sense primer: 5-CTG CAA CAG GAC
CAC AGT CAA G-3' and antisense primer: 5-GCT GGG
CIT CAA AGT TCA GGG T-3/, which encompass the
extracellular Bl domain to the cytoplasmic domain and could
amplify four alternatively spliced mRNA transcripts of CEA-
CAMI (CEACAMI-3L, -3S, -4L and -48)."%" The PCR
products were visualized by electrophoresis on an agarose gel
stained with ethidium bromide.

Int. J. Cancer: 129, 1351-1361 (2011) © 2011 UICC

Western blot analysis

After quantifying the protein, the samples were prepared for
sodium dodecyl sulfate-polyacrylamide gel electrophoresis. In
each lane, 25 pl of each sample was loaded and separated in
a precast polyacrylamide gel (Invitrogen, Carlsbad, CA). Sub-
sequently, proteins were electrotransferred to a nitrocellulose
membrane (BIO-RAD, Hercules, CA). After blocking the
membrane with 5% electrophoresis-grade nonfat milk, pri-
mary and secondary antibodies were incubated for 30 min
each in a 5% milk solution. Immune complexes were visual-
ized by incubating the membranes with an HRP-conjugated
anti-mouse or anti-rabbit antibody using the ECL detection
reagent (GE healthcare, Little Chalfont, Buckinghamshire,
UK). The primary antibodies (mouse monoclonal T84.1,
diluted 1:1,000; rabbit polyclonal CEACAMI-L, diluted
1:1,000 and mouse polyclonal CEACAM1-S, diluted 1:1,000)
were produced by J.ES., Beckman Research Institute of the
City of Hope, CA. The secondary antibodies were sheep
anti-mouse IgG conjugated to HRP and donkey anti-rabbit
IgG conjugated to HRP (diluted 1:1,000, GE Healthcare).
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In vitro invasion assay

The number of invading cells was assayed in the membrane
invasion culture system using an 8-pm pore size PET mem-
brane coated with Matrigel (24-well, BD Biosciences). Cells
were seeded at 1 x 10* cells per 500 pl of growth medium
on the Matrigel layer. The bottom of the well was filled with
the culture medium, and the plates were incubated at 37°C
in a humidified 5% CO, atmosphere for 22 hr. After incuba-
tion, the Matrigel layer was removed with a cotton swab to
remove the Matrigel and the noninvading cells. The cells on
the lower surface of the membrane were stained with Diff
Quick (Sysmex, Kobe, Japan). The invading cells were
counted with a microscope. Each measurement was per-
formed in quadruplicate.

Wound healing assay

The cells were each added to six-well plates, allowed to form
confluent monolayers and were serum starved overnight. An
artificial wound was created onto the cells monolayer with a
sterile plastic 200-pl micropipette tip to generate one homo-
geneous wound in each well. After wounding, the culture me-
dium was removed, and cells were washed at least twice to
eliminate detached cells. Wound closure was photographed
immediately, 48 hr after wounding at the same spot using an
inverted microscope equipped with a digital camera. Fach
measurement was performed in quadruplicate.

Statistical analysis

Each dlinicopathological factor was separately assessed using
the chi-square test. The factors determined to be significant
by the chi-square test were analyzed by a multivariate logistic
regression, and an odds ratio with a 95% confidence interval
was calculated for each factor. The Kaplan-Meier method
was used to estimate the survival from colorectal cancer, and
the log-rank test was used to determine the statistical signifi-
cance. A Cox proportional hazards model was used to assess
the risk ratio under simultaneous contributions from several
covariates. The associations between discrete variables were
assessed using the chi-square test. All data were expressed as
the mean * SD. A p-value of less than 0.05 was considered
to be statistically significant. Statistical calculations were
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performed using the StatView ver.5.0 software program (SAS
Institute, Cary, NC).

Results

Specificity and sensitivity of CEACAM1-L and -S polyclonal
antibodies

To prove the specificity, we performed the Western blot,
immunohistochemistry and proximity ligation assay. Western
blot of a clinical sample of colon cancer showed that the
antibodies have no cross reactivity with other proteins (Fig.
1a). All three antibodies, mouse anti-CEACAMI monoclonal
antibody (29H2), rabbit anti-CEACAM1-L polyclonal anti-
body and mouse anti-CEACAM1I-S antibody, were stained at
luminal surface of the tumor (Fig. 1b). Proximity ligation
assay showed that monoclonal and polyclonal anti-CEA-
CAMI1 antibodies were colocalized at the luminal surface of
the tumor (Fig. 1c).

Expression and distribution of CEACAM1 cytoplasmic

domain isoforms

To clarify the distribution of CEACAMI re-expression, im-
munohistochemical analyses with CEACAMI-L or CEA-
CAMI-S specific antibodies were performed. Both CEA-
CAMI-L and CEACAMI-S stained with a higher intensity at
the invasion front than at the luminal surface of tumors in
149 of 164 patients (91%, Fig. 2a), indicating that CEACAM1
re-expression was involved in invasion. There were differen-
ces among the patient tumors in the long or short cytoplas-
mic domain dominance at the invasion front. As there are
some heterogeneous CEACAM] isoform expression patterns,
the CEACAMI expression levels were evaluated with several
sections at the invasion front where it was stained most
intensely and classified, using the semiquantitative scale,
which was modified as described in published study, as:
Grade 0, absence; Grade 1, sparse; Grade 2, moderate and
Grade 3, strong. The sections were divided into two groups:
the CEACAMI-L dominant group, in which CEACAMI-L
expression was dominant (Fig. 2b, panels @' and d'), and the
second group, in which the expression of the two different
domains was equally intense (Fig. 2b, panels ¥’ and ¢) or
CEACAMI-S expression was dominant (Fig. 2b, panels ¢

Figure 2. Expression pattern of CEACAM1 cytoplasmic isoforms. (a) Immunohistochemical analyses revealed that the expression of both
CEACAM1-L and -S was more intense at the invasive front than the luminal surface of colorectal cancer tissue. (@’) The luminal surface of

the tumor was stained with anti-CEACAM1-L antibodies. (b) The luminal surface of the tumor was stained with anti-CEACAM1-S antibodies.
(¢') The invasion front of the tumor was stained with anti-CEACAM1-L antibodies. (d) The invasion front of the tumor was stained with anti-
CEACAM1-S antibodies. Arrowheads indicated the tumor invasion front in ¢ and d'. Magnification, x100. (b) Classification of the tumor
according to the isoform balance. (@', b’ and ¢’) The immunostaining using anti-CEACAM1-L antibodies. (d', ' and f) The figures using anti-
CEACAM1-S antibodies. (a') and (d') were considered to be CEACAM1-L dominant. The other group included the samples in (b’) and (¢),
which showed the same intensity, and (¢) and (f), in which CEACAM1-S was dominant. Magnification, x200. (c) Kaplan—Meier estimates of
survival. (@) CEACAM1-L dominant group showed a shorter survival than the other group (p < 0.0001). (b) There was no significant
difference in the overall survival between the high expression group and the low expression group (p = 0.10).

Int. J. Cancer: 129, 1351-1361 (2011) © 2011 UICC
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CEACAM1-L dominance and colorectal cancer

Table 1. Univariate analyses of lymph node metastasis and hematogenous metastasis

. Lymph nodes metastasis

Hematogenous metastasis

Present.

_Present . Absent . pvalue Absent
Age 0.19 0.72
>66 3 55 14 73 :
<66 36 41 14 63
Gender : 0.083 ST L 024
Male 34 61 19 76
Female L34 , 35 9 60 ,
Tumor sﬁe 0.83 0.53
-Colon el 38 : 52 20 0 70
Rectum 30 44 8 66
Differentiation 0.007 0.0067
Mod 23 15 i 12 26
Well 45 : 81 16 110
Depth 0.0015 0.0026
13,4 P 63 170 28 105
T1,2 5 26 0 31
Lymphatic permeation = <0.001 o 0.0004
Present 63 63 28 98
Absent R 5 33 0 38 - ,
Venous permeation 0.016 0.0005
Present 55 61 27 -89
Absent 13 35 1 47
CEACAM?1 isoform <0.0001 0.0007
L dominance 53 41 24 70
Others 15 - .55 4 ... 66

The italic fonts given for p-values of less than 0.05.

Abbreviations: Mod: moderately differentiated adenocarcinoma; Well: well-differentiated adenocarcinoma; L dominance: CEACAM1-long isoform

dominance.

and f). It is noteworthy that 15 patients’ tumors with early
carcinomas restricted to the mucosa and submucosa weakly
expressed both CEACAMI-L and -§, and IHC scores of the
tumors were 0 or 1. The patients were divided into two
groups: CEACAMI1-L dominance (n = 94) and CEACAMI1-
L/S equal expression (1 = 68) plus CEACAMI-S dominance
(n = 2). The patients were also divided into two groups
based on the expression intensity levels: CEACAMI high
expression (n = 87) and low expression (n = 77), according
to the average score (2.1) of the total score of CEACAMI-L
and -S, to address the correlation between CEACAMI-L and
-S expression intensity level and malignant potential of colo-
rectal cancer.

CEACAM1 long cytoplasmic domain isoform dominance and
metastases

To investigate that CEACAMI cytoplasmic isoform balance
at the invasion front is correlated with lymph node involve-
ment and hematogenous metastases, statistical analyses were

performed between CEACAMI cytoplasmic isoform balance
and clinicopathological characteristics. A chi-square test or
Fisher’s exact test for lymph node metastasis revealed that
CEACAM]1-L dominance, moderate differentiation, depth of
tumor invasion, lymphatic permeation and venous permea-
tion were statistically correlated (Table 1). A multivariate
logistic regression analysis for lymph node metastasis
revealed CEACAM1-L dominance, depth of tumor and lym-
phatic permeation to be independent risk factors (Table 2). A
chi-square test for hematogenous metastasis revealed that
CEACAM]1-L dominance, moderate differentiation, depth of
tumor, lymphatic permeation and venous permeation were
statistically correlated (Table 1). The only independent risk
factor in a multivariate logistic regression analysis for hema-
togenous metastasis was CEACAMI-L isoform dominance
(Table 2). These results suggested that re-expression of CEA-
CAM1 long cytoplasmic isoform at the invasion front of
colorectal cancer is associated with invasion and metastases
of colorectal cancer.

Int. J. Cancer: 129, 1351-1361 (2011) © 2011 UICC
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Table 2. Multivariate analyses of lymph node metastasis and hematogenous metastasis
, Lymph node metastasis Hematogenous metastasis

Variable No. of patients .. OR - 95%Cl  p-value OR 95% CI p-value

Depth (T3,T4) 133 3.707 1.184-11.60 0.024

Lymphatic permeation 126 3.677 1.135-11.911 0.03

CEACAM1-L dominance 94 44’736 2.215~10.124 <0.0001 4.69 1.465-15.015 0.0092
Abbreviations: CEACAM1-L dominance: CEACAM1-long isoform dominance; OR: odds ratio; Cl: confidential interval.
Table 3. Univariate and multivariate analyses of survival

Univariate analysis _Multivariable analysis

Variable ) HR 95% Cl p-value HR 95% Cl p-value

Age (<66) 1.14 0.43-1.80 0.61

Gender (male) 1.3 0.37-1.61 0.49

Tumor site (left) 1.86 0.44~7.82 0.4

Differentiation (mod) 2.06 0.98-4.33 0.052

Depth (I3,74) 3.6 0.86-15.1 0.08

Lymphatic permeation 9.77 1.33-717 0.025 3.93 0.51-30.5 0.19
Venous permeation 2.21 0.85-5.78 0.1

Lymph node metastasis 4.5 2.00-10.1 0.0003 2.01 0.86-4.67 0.11

Hematogenous metastasis 6.1 2.97-12.5 <0.0001 3.13 1.49-6.60 0.0027

CEACAM1-L dominance 7.72 2.34-255 0.0008 4.26 1.25-14.52 0.02

The italic fonts given for p-values of less than 0.05.

Abbreviations: Mod: moderately differentiated adenocarcinoma; CEACAM1-L dominance: CEACAM1-long isoform dominance; HR: hazard ratio; Cl:

confidential interval.

CEACAM1 long cytoplasmic domain isoform dominance and
survival

To address that CEACAMI cytoplasmic isoform balance is
associated shorter survival of the patients with colorectal
cancer, we performed statistical analyses regarding survival
of colorectal cancer patients. The univariate analyses for
survival are summarized in Table 3. Lymphatic permeation,
lymph node metastasis, hematogenous metastasis and CEA-
CAMI-L dominance were found to have prognostic value.
A multivariate analysis with these four parameters, with
significant prognostic values in the univariate analysis,
revealed that hematogenous metastasis and CEACAMI-L
dominance were independent prognostic factors (Table 3).
The Kaplan-Meier method for the overall survival analysis
showed that CEACAMI-L dominance was significantly
associated with a shorter survival time. The 5-year survival
of the CEACAMI-L dominant group was 71.2% in compar-
ison to 95% in the other group (p < 0.0001; Fig. 2¢, panel
a’). The high expression of the CEACAMI group showed a
tendency toward poor survival in comparison to the low
expression group, but there were no significant differences
between the high expression group (77.2%) and the low
expression group (86.8%, p = 0.10; Fig. 2¢, panel b'). These
results indicated that re-expression of CEACAMI long
cytoplasmic isoform at the invasion front of colorectal

Int. J. Cancer: 129, 1351-1361 (2011) © 2011 UICC

cancer is associated with survival of the patients with colo-
rectal cancer.

The effect of CEACAM1 expression and cytoplasmic

isoform balance on invasion and migration of colorectal
cancer cell lines

Transfection of CEACAM1 shRNA into CEACAM1-overexpress-
ing LS174T cells. To clarify that total CEACAMI re-expres-
sion is important for colorectal cancer cell invasion and
migration, and that knockdown of total CEACAM1 induced
less invasive property of colorectal cancer cells, CEACAM]1-
overexpressing LS174T cells were transfected with shRNA
targeted to CEACAMI1. CEACAM1 shRNA plasmid led to
less expression of total CEACAM1. Stable CEACAM1 shRNA
significantly inhibited CEACAM]1 protein expression levels
compared to the vector control in Figure 3a. Invasion cham-
ber experiments revealed that CEACAM1 shRNA suppressed
invasion in Figure 3b. Wound healing assays also demon-
strated that CEACAMI1 shRNA exhibited lower levels of
migration in Figure 3c. These results suggested that CEA-
CAM1 re-expression plays an important role for invasion
and migration of colorectal cancer cells.

Transfection of CEACAM1-4L or -4S into HT29 cells. To inves-
tigate that CEACAM1 cytoplasmic domain isoform balance
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Figure 3. Transfection of CEACAM1-4L enhanced invasion and migration, and transfection of CEACAM1-4S or CEACAM1 knockdown reduced
invasion and migration. (a) The Western blotting analyses and reverse transcriptase-polymerase chain reaction (RT-PCR). Left panel (HT29
cells); RT-PCR revealed that CEACAM1-L-transfected HT29 cells (Long) enhanced CEACAM1-L expression at mRNA level compared to empty
vector-transfected HT29 (Vector). CEACAM1-S-transfected HT29 cells (Short) enhanced CEACAM1-S expression at mRNA level compared to
empty vector-transfected HT29 (Vector). Stable CEACAM1-4L-transfected HT29 cells (Long) expressed significantly elevated CEACAM1-4L at
protein level compared to vector-transfected cells (Vector). Stable CEACAM1-4S-transfected HT29 cells (Short) expressed significantly
elevated CEACAM1-4S at protein level compared to vector-transfected cells (Vector). Right panel (LS174T cells); RT-PCR revealed that
shRNA-transfected LS174T cells (shRNA) inhibited CEACAM1 expression at mRNA level compared to emply vector-transfected LS174T cells
(Vector). CEACAM1-S-transfected LS174T cells (Short) enhanced CEACAM1-S expression at mRNA level compared to empty vector-
transfected LS174T cells (Vector). Stable CEACAM1 shRNA-transfected LS174T cells (shRNA) significantly inhibited CEACAM1 protein
expression levels compared to the vector control-transfected LS174T cells (Vector). Stable CEACAM1-4S-transfected LS174T cells (Short)
expressed significantly elevated CEACAM1-4S at protein level compared to vector control-transfected LS174T cells (Vector). Anti-CEACAM1-L:
CEACAM1 long cytoplasmic domain isoform specific rabbit polyclonal antibodies; anti-CEACAM1-S: CEACAM1 short cytoplasmic domain
isoform specific mouse polyclonal antibodies. (b) Matrigel invasion assay. shRNA knockdown (CEACAM1 shRNA-transfected LS174T cells)
was less invasive than parent (LS174T parent cells) or vector (vector control-transfected LS174T cells). {¢) Wound healing assay. Both short
(CEACAM1-4S-transfected LS174T cells) and shRNA (CEACAM1 shRNA-transfected LS174T cells) suppressed the migration. (d) Matrigel
invasion assay. Long (CEACAM1-4L-transfected HT29 cells) exhibited increased invasion compared to parent (HT29 parent cells) or vector
(vector control-transfected HT29 cells) samples. Conversely, short (CEACAM1-4S-transfected HT29 cells) significantly decreased invasion. (e)
Wound healing assay. Long (CEACAM1-4L-transfected HT29 cells) showed more migration than control (vector control-transfected HT29
cells). Short (CEACAM1-4S-transfected HT29 cells) suppressed migration. (fi Matrigel invasion assay. Short (CEACAM1-4S-transfected
LS174T cells) showed less invasion than parent (LS174T parent cells) or vector (vector control-transfected LS174T cells).

plays a crucial role for colorectal cancer invasion, we modu-
lated CEACAM] cytoplasmic domain isoform expression lev-
els of HT29 colorectal cancer cells, hypoexpressing both
CEACAM1-4L and -4S, by transfection with a plasmid
encoding CEACAM1-4L or -4S. Stable CEACAMI-4L- or
CEACAM1-4S-transfected HT29 cells expressed significantly
elevated CEACAM1-4L and -4S at protein levels compared
to vector-transfected cells in Figure 3a. The invasion chamber
experiments revealed that CEACAMI1-4L promoted invasion,
and that CEACAM1-4S inhibited the invasion of HT29 cells
in Figure 3d. Wound healing assays demonstrated that CEA-

CAM1-4L promoted migration, and that CEACAMI-4S sup-
pressed migration in Figure 3e. These results indicated that
the status of CEACAMI long cytoplasmic isoform dominance
is important for colorectal cancer invasion and migration.

Transfection of CEACAM1-4S into CEACAM1-4L-overexpressing
LS174T cells. To address the suppressive effect of CEA-
CAM1-4S dominance on colorectal cancer invasion and
migration, CEACAM1-4L-overexpressing LS174T cells trans-
fected with a plasmid encoding CEACAMI1-4S. Transfection
of CEACAMI1-4S induced CEACAMI1 short cytoplasmic

Int. ). Cancer: 129, 1351-1361 (2011) © 2011 UICC
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domain isoform dominance. Stable CEACAMI1-4S signifi-
cantly inhibited CEACAMI protein expression levels com-
pared to the vector control in Figure 3a. Invasion chamber
experiments revealed that CEACAM1-4S suppressed invasion
in Figure 3f. Wound healing assays demonstrated that CEA-
CAM1-4S exhibited lower levels of migration in Figure 3c.
These results confirmed that CEACAM1 cytoplasmic domain
isoform balance plays a crucial role for invasive and migra-
tive properties in colorectal cancer cells.

Discussion

CEACAMLI is known to be downregulated at RNA level in
adenoma'® and carcinoma.® Some recent reports™® have
shown that CEACAMI is overexpressed at protein level in
colorectal cancer and correlated with clinical stage. The rea-
son why colorectal cancer cells re-expressed CEACAMI
remains unclear. Our study clearly demonstrated that the
expression of both CEACAMI-L and -S was weak at the
luminal surface of advanced colorectal cancers, and that the

expression of CEACAM1 was more intense at the invasion-

front of advanced colorectal cancers, suggesting that CEA-
CAM1 long cytoplasmic domain isoform is associated with
colorectal cancer invasion. Moreover, we showed that CEA-
CAMI-L dominance, in comparison with CEACAMI-S, at
the invasion front of colorectal cancer is associated with
lymph node involvement, hematogenous metastasis and
shorter survival of the patients, indicating that re-expression
of CEACAM], particular long cytoplasmic domain isoform,
may function for invasion and migration of colorectal cancer.
To clarify that CEACAM] re-expression induced invasion
and migration, and that CEACAM1 cytoplasmic isoform bal-
ance was associated with colorectal cancer cells invasion and
migration, we performed experiments of total CEACAMI
knockdown or of overexpression of two different cytoplasmic
domain isoforms of CEACAMI. Strong invasiveness of
LS174T cells was inhibited by downregulation of total CEA-
CAML1 expression, suggesting that re-expression of total
CEACAMI, which was observed at the invasion front of
colorectal cancer tissues, promotes cancer cell invasion and
migration. In terms of cytoplasmic isoform balance, overex-
pression of CEACAMI long cytoplasmic domain isoform
promoted invasiveness and motility of colorectal cancer cells,
whereas short cytoplasmic domain isoform dominance by
overexpression of CEACAM-4S decreased both HT29 and
LS174T cellular invasion and migration. The finding that
CEACAMI-4L promotes tumor cell invasion is consistent
with other studies examining thyroid cancer'” and malignant
melanoma cells.”® These data strengthened the view that re-
expression of CEACAM1 and CEACAMI-L dominance is
associated with invasion and metastasis in colorectal cancer.
The molecular mechanism of CEACAMI on colorectal
cancer invasion and migration remains to be elucidated.
Some reports have shown the possible molecular mecha-
nisms. A recombinant cytoplasmic domain of CEACAMI-L
was specifically associated with the beta3 integrin subunit in

Int. J. Cancer: 129, 1351-1361 (2011) ©® 2011 UICC
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neutrophils,®' and beta3 integrin colocalized with CEACAMI
in melanoma®® The migratory effect of CEACAMI-L
depends on integrins. CEACAMI-L and beta3 integrin were
functionally interconnected with respect to invasive growth.2’
CEACAMI-L also enhanced cell-matrix adhesion and
migration and promoted tumor invasiveness in thyroid can-
cer.'” Our study found that cancer cell invasion and migra-
tion, lymph node involvement and hematogenous metastases
were associated with CEACAM1-L dominance at the invasive
front of colorectal cancers. Although further investigation is
required for confirmation of the mechanism that CEACAM1
interacts with molecules that are involved in colorectal cancer
invasion and migration, a similar mechanism such as the
beta3 integrin and cell-matrix interaction with CEACAM1-L
may occur in colorectal cancer invasion.

CEACAMI cytoplasmic domain isoform balance is crucial
for the function of CEACAMI. The balance of CEACAMI
isoforms expression was evaluated in epithelial cells.*** Two
CEACAML1 isoforms normally coexist in many normal tis-
sues, with the longer isoform usually present in lower
amounts than the shorter form.”* CEACAMI-L accounts for
15-20% of total CEACAMI expressed in normal colonic epi-
thelial cells.”* The CEACAMI-L isoform exhibits a tumor in-
hibition phenotype when expressed at physiological concen-
trations and in the appropriate ratio relative to the
CEACAMLI-S isoform. However, a significant overexpression
of the CEACAMI-L isoform or a disruption of the normal
ratio of L and § tail CEACAMI expression abrogated tumor
inhibition.?® Therefore, an evaluation of the relative ratio of
the CEACAMI isoforms represents the characteristics of the
cancer more accurately than the intensity of CEACAMI-L
and -§ expression. Our study also showed that the intensity
of CEACAMI-L and -S expression did not significantly
reflect the survival time of the patients with colorectal cancer.
This result is consistent with the finding that the CEACAM1
expression is not significantly related to survival in colorectal
cancer.” Therefore, an analysis of the relative expression lev-
els of cytoplasmic domain isoform is required for evaluating
the role of CEACAMI.

Our study demonstrated that CEACAM1-L isoform domi-
nance is an independent risk factor for lymph node metasta-
sis and hematogenous metastasis and is also an independent
prognostic factor for overall survival. The overall survival
analysis revealed that CEACAMI-L dominance was signifi-
cantly associated with a shorter survival. The 5-year survival
rate of the CEACAMI1-L dominant group was 71.2% in com-
parison to 95% for the other group, indicating that the bal-
ance of CEACAMI-L and -S isoform expression in a tumor
predicts the risk for lymph node and hematogenous metasta-
sis and also predicts a poor prognosis. This may allow the
identification of patients at a high risk and who may require
adjuvant therapy after surgical resection.

Our study showed that the manipulation of CEACAMI1
cytoplasmic domain isoform balance can control cancer
cell migration and invasion. CEACAMI1 expression is
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known to be induced by all-trans-retinoic acid (ATRA) and
gamma interferon. Continuous ATRA treatment of
a human leukemia cell line induced the expression of
CEACAM]1 and resulted in apoptosis.*®> Gamma interferon
also induced CEACAMI in a colon cancer cell line?*?®
However, as both ATRA and gamma interferon induce
not only CEACAMI1-S but also total CEACAMI, further
investigation is required to develop an isoform-specific
inducer.

In conclusion, our study clearly demonstrated that re-
expression of CEACAM1 was observed mainly at the inva-
sion front of colorectal cancer. Long cytoplasmic domain

CEACAM1-L dominance and colorectal cancer

isoform dominance is associated with metastasis and shorter
survival of colorectal cancer. Overexpression of CEACAM1
long cytoplasmic domain isoform, not CEACAMI1 short
cytoplasmic domain isoform, promoted invasion and migra-
tion of colorectal cancer cells. The modulation of CEA-
CAMI1 cytoplasmic isoform balance, such as by CEACAMI-
S overexpression, may be a novel strategy for anti-invasion
therapy.
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Abstract. Recently, a subset of IL-17 producing T cells distinct
from Thl or Th2 cells has been described as key players in
inflammation and autoimmune diseases as well as cancer
development. In this study, we investigated the expression
level of IL-17 and T helper 17 (Th17)-related cytokines in
gastric cancer tissues and assessed the association of their
expression with angiogenesis and their clinicopathological
parameters. Tumor and adjacent normal tissues were obtained
from 82 patients with gastric cancer. IL-17, IL-21 and IL-23
mRNA expression levels were quantified by real-time RT-PCR.
Thl17 infiltration, microvessel density and neutrophil infiltra-
tion in tumor tissues were examined by immunohistochemistry
and double immunofluorescence histochemistry. Expression of
IL-17, IL-21 and IL-23 mRNA was found to be significantly
up-regulated in tumor tissues compared with adjacent normal
tissues. The expression level of IL-17 mRNA strongly and
positively correlated with that of IL-21 mRINA in tumor tissue.
The number of vascular endothelial cells and infiltrating
neutrophils was significantly larger in tumors expressing a
high level of IL-17 mRNA than in tumors expressing a low
level of IL-17 mRNA. In tumor tissues most CD4* cells were
stained with anti-IL-17 antibody. The expression level of
IL-17 mRNA in gastric tumors was associated with the depth
of the tumors, lymph-vascular invasion and lymph node
involvement, suggesting that IL-17 obviously was related to
tumor progression. 11-17 and IL-21, which regulates IL-17,
would be potential therapeutic targets for the treatment of
gastric cancer.
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Introduction

It has been established that cancer can be promoted or exacer-
bated by inflammation and infection. Chronic inflammation is
a major driving force in tumor development (1-3). Interleukin
(IL)-17 is considered a proinflammatory cytokine because it
has been shown to increase the production of IL-6 and IL-8
in macrophages and fibroblasts (4-6). Recently a new lineage
of effector CD4* T cells characterized by production of IL-17,
the T helper 17 (Th17) lineage, was described on the basis of
developmental and functional features that are distinct from
those of classic Thl and Th2 lineages (7). The identification of
this new subtype of Th17 cell has prompted renewed interest
in IL-17 biology. IL-17 plays an important role in inflamma-
tion, and is critical in host defense against infectious disease,
allergy, and autoimmune diseases such as rheumatoid arthritis
and inflammatory bowel diseases, which include Crohn's
disease and ulcerative colitis (8,9). Interestingly, IL-17 also
has been reported to be up-regulated in Helicobacter pylori
(Hp) infected gastric mucosa. IL-17 positively regulates the
synthesis of IL.-8 by gastric mononuclear cells and epithelial
cells, which thus emphasizes the role of IL-17 in Hp-driven
inflammation (10).

Recently, it has been reported that IL-17 promotes tumor
growth through angiogenesis in mice (11). On the other hand,
several reports have shown that IL-17 inhibits tumor growth
through antitumor immunity in immunocompetent mice (12,13).
It remains controversial whether IL-17 promotes or inhibits
cancer progression. In humans, IL-17 expression has been
reported in several tumor tissues such as ovarian cancer, colon
cancer and also gastric cancer (14-16). Most solid tumors
contain non-malignant cells, including immune cells and
blood vessel cells, which are important in inflammation in
the tumor microenvironment. In fact, a high percentage of
CD4* Thl7 cells produce IL-17 at sites of ovarian cancer (17).
However, in human tumors, the crucial molecular pathways
that permit communication between abnormally growing
cancer cells and these inflammatory cells remain unknown. In
addition, the underlying mechanism of IL-17 at tumor sites in
modulating tumor growth is still poorly understood.
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Differentiation of Th17 cells from naive T cells appears to
involve signals from transforming growth factor § (TGF-B)
and IL-6 (18,19). IL-21 has been reported to play an important
role in the initial phase of Th17 differentiation (20,21).
Although, in mice, there is a general agreement on the factors
required for the generation of Th17 cells as mentioned above,
the crucial initiating cytokines in humans for Th17 develop-
ment remain unclear, and the relationship between IL-21 and
IL-17 at tumor sites has not been elucidated.

In this study, we quantitatively investigated expression of
IL-17 and IL-21 messenger RNA (mRNA) in gastric cancer
tissues. In addition, we assessed the association of IL-17
expression levels with angiogenesis and neutrophil infiltration
and its clinicopathological factors to clarify the role of tumor-
infiltrating Th17 in tumor growth and progression. We also
reviewed the possibility of IL-17 as a therapeutic target for
patients with gastric cancer.

Materials and methods

Patients and tissue specimens. Included in the present study
was a series of 82 patients (58 men, 24 women) with gastric
cancer who underwent gastrectomy at Wakayama Medical
University Hospital (WMUH) from 2004 to 2007. None of
them received anticancer therapy before surgery. Individuals
with concurrence of autoimmune disease, inflammatory bowel
disease or viral infection were excluded. Clinicopathological
characteristics of these 82 patients are summarized in Table 1.
Clinical stages of the tumors were determined according to the
International Union Against Cancer TNM classification for
gastric cancer. Samples of cancer tissues and non-cancerous
adjacent tissues were collected from resected specimens of
patients. Tumor samples were obtained from the invasive
front of resected gastric cancer. Written informed consent
was obtained from all patients before their participation in
this study. In addition, the local ethics committee of WMUH
approved this study.

RNA extraction and DNA synthesis. Total RNA was extracted
with an RNeasy mini kit (Qiagen, Hilden, Germany) followed
by RNase-Free DNase Set treatment (Qiagen). Complementary
DNA was synthesized from 1 ug of total RNA by using the
. Reverse Transcription System (Promega) according to manu-
facturer's instructions.

Quantitative real-time RT-PCR. Quantitative real-time reverse
transcription-polymerase chain reaction (RT-PCR) was
performed with isolated total RNA (1 pg) on the LightCycler
system (Roche Molecular Biochemicals, Mannheim, Germany).
The following oligonucleotide primers and hybridization
probes were used: human IL-17 sense, 5-CTGGGAAGACC
TCATTGG-3' and antisense, 5'-CCTTTTGGGATTGGTA
TTGG-3', fluorescein-labeled probe, 5'-"TCCTCAGAATTT
GGGCATCCTGGATTTC-3', and LC Red 640-labeled probe,
S"TGGGATTGTGATTCCTGCCTTCACTATGG-3'; human
1L.-21 sense, 5'-"AGGTCAAGATCGCCACAT-3' and antisense,
S-TTTGCTGACTTTAGTTGGGC-3!, fluorescein-labeled probe,
5'-CTGACCACTCACAGTTTGTCTCTACATCTTCTG
GA-3', and LC Red 640-labeled probe, 5-CTGGCAGAAA
TTCAGGGACCAAGTCATTCA-3"; human IL-23 sense,

IIDA et al: IL-17 IN TUMOR PROMOTES TUMOR PROGRESSION IN GASTRIC CANCER

Table I. IL-17 mRNA expression and clinicopathological
parameters.

No. of Expression

Factor patients of IL-17 mRNA? P-value
Gender

Male 59 3.24+0.179

Female 23 3.65+0.298 022
Age (years)

<65 31 3.78+0.193

=65 51 3.11x0.212 0.118
Tumor stage®

TO/T1 15 2.52+0.430

T2 33 3.13+0.219

T3 34 3.99+0.186 <0.0052
Histological type

Differentiated 40 3.19+0.247

Undifferentiated 42 - 3.52+0.188 0.658
Lymphatic invasion

Negative 27 2.78+0.303

Positive 55 3.65+0.164 <0.05¢
Venous invasion

Negative 43 2.95+0.226

Positive 39 3.82+0.184 <0.05¢
Lymph node metastasis

Negative 40 2.95+0.234

Positive 42 3.75+0.186 <0.054
Stage®

01 31 2.66+0.254

II 21 3.63+0.297

il 19 3.84+0.240

v 11 400+£0378  <0.05¢
Tumor size (cm)

<5 46 3.13+0.202

=5 36 3.63+0.232 0.068

“Expression of mRNA for IL-17 were corrected with GAPDH
housekeeping control amplifications. Values represent mean + SEM.
®Stage according to the TNM classification for gastric cancer (UICC).
P-value of Kruskal-Wallis test as appropriate. ‘P-value of Mann-
Whitney test as appropriate.

5'-GAGAAGCTGCTAGGATCG-3, and antisense, 5'-TGG
TGACCCTCAGGCTGC-3', fluorescein-labeled probe, 5-GCC
TTCTCTGCTCCCTGATAGCCCTGTG-3', and LC Red
640-labeled probe, 5-GCCAGCTTCATGCCTCCCTACTG
GG-3'; human glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) sense, 5"TGAACGGGAAGCTCACTGG-3' and
antisense, S“"TCCACCACCCTGTTGCTGTA-3', fluorescein-
labeled probe, 5“TCAACAGCGACACCCACTCCT-3', and LC
Red 640-labeled probe, 5-CACCTTTGACGCTGGGGCT-3".
Primers and probes were designed by Nihon Gene Research
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Figure 1. Level of IL-17,IL-21 and IL-23 mRNA expression in tumor and normal tissues of gastric cancer in 82 clinical samples. Expression levels of IL-17
(A), IL-21 (B) and IL.-23 (C) mRNA were quantitatively determined by real-time RT-PCR for tumor tissue specimens and non-tumor tissue specimens from
gastric cancer. Box plots show the 10th, 25th, 50th (median), 75th and 90th percentile values for log-transformed ratios of mRNA copies to GAPDH copies for
I11.-17, 11.-21 and 1L-23. *Significantly different from adjacent normal tissues (p<0.0005). Two-tailed p-values are based on the Mann-Whitney test.

Laboratories, Inc. (Miyagi, Japan). After 10 min of initial
denaturation at 95°C, the cycling protocol entailed 40 cycles
of denaturation at 95°C (10 sec), annealing at 62°C (15 sec)
and elongation at 72°C (8 sec). For GAPDH, the thermocycling
protocol was the same, except that annealing was performed
at 55°C (15 sec) and 50 cycles were run. On each run, we
quantified all samples according to the LightCycler software
program, version 3.8 (Roche Molecular Biochemicals). The
levels of mRNA for IL-17, IL-21 and IL-23 were corrected
with GAPDH housekeeping control amplifications.

Immunohistochemistry and quantitative microscopy. Sections
(4 pm) were prepared from paraffin-embedded blocks derived
from gastric tumors. Sections were deparaffinized in xylene
and graded alcohols, and rinsed in phosphate-buffered saline.
Antigen retrieval from tissue was carried out by autoclaving
the tissue in 0.01 M citrate buffer (pH 6.0) at 120°C for 10 min.
The antibodies used included rabbit anti-IL-17 (dilution at
1:100, Santa Cruz Biotechnology); rabbit anti-IL-21 (dilution
at 1:100, LifeSpan BioSciences); mouse anti-CD34, specific
for endothelial tissue (dilution at 1:50, DakoCytomation,
Glostrup, Denmark); and mouse anti-CD66b, specific for
neutrophils (dilution at 1:500, BD Pharmingen). The anti-
bodies were incubated overnight at 4°C. The immunocomplex
was visualized by a polymer envision method, EnVision* Kit
(Dako). For quantification of tumor microvessel density and
neutrophil infiltration, highly positive areas were initially
identified by scanning tumor sections using light micros-
copy at low power. Areas of infarct-like necrosis and areas
immediately adjacent to ulcerations were not considered in
counts. Vessel counts were assessed according to the criteria
of Weidner et al (22). Vessels in five high-power fields (x200
magnification) and neutrophil infiltration in five high-power
fields (x400 magnification) were counted. Positive cells were
quantified by an image processing application (Win ROOF,

version 5.5; Mitani, Tokyo, Japan) and the manual counts were
confirmed by a pathologist.

Double immunofluorescence histochemistry. Tissues were
stained with primary antibodies: mouse anti-CD4 (dilution
at 1:100, Dako) and rabbit anti-IL-17 (dilution at 1:100,
Santa Cruz). The CD4 and IL-17 antibodies were detected
with Alexa Fluor 488 conjugated goat anti-mouse immuno-
globulin G (IgG) (Molecular Probes) and Alexa Fluor 546
conjugated goat anti-rabbit IgG (Molecular Probes). The
double-stained sections were analyzed with a confocal laser
scanning microscope (LSM5Pascal Exciter, version 4.0; Carl
Zeiss, Jena, Germany).

Statistical analysis. The following statistical analyses were
used. For data in Figs. 1, 3 and 4, we used the Mann-Whitney
test. In Fig. 2, we used the Spearman rank correlation
coefficient. In Table I, we used the Mann-Whitney test
and the Kruskal-Wallis test. All statistical analyses were
performed with StatView 6.0 (SAS Institute Inc) statistical
software program. A value of p<0.05 was considered statisti-
cally significant.

Results

Expression of IL-17, IL-21 and IL-23 mRNA in tumor and
non-cancerous tissues. 1L-17 was found to be significantly
up-regulated in tumor tissue compared with adjacent normal
tissue (p<0.0005, Fig. 1A). Both IL-21 and IL-23, which
are related to IL-17 production, were also significantly
up-regulated in tumor tissue (p<0.0005, Fig. 1B and C).

Correlation of IL-17 mRNA with IL-2] and IL-23 mRNA in
tumor tissues. The expression level of IL-17 mRNA positively
correlated with that of IL-21 mRNA in tumor tissues (r=0.730,
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Figure 2. The correlation between expression levels of IL-17 mRNA, IL-21 mRNA and IL-23 mRNA. The correlation between expression levels of IL-17
mRNA and IL-21 mRNA [(A) r=0.730, p<0.0001], and the correlation between expression levels of IL-17 mRNA and IL-23 mRNA [(B) r=0.415, p<0.0005]
were examined in tumor tissues. Log-transformed mRNA levels, normalized for GAPDH mRNA, are shown. The relationships are shown along with

Spearman's rank-order correlation.
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Figure 3. Microvessel density and neutrophils infiltration in tumor tissues. (A) Immunohistochemical staining of tumor tissues with anti-CD34 antibody, spe-
cific for endothelial tissues, was performed. Representative pictures of immunohistochemical staining of tumor tissues are shown. Vessels in five power fields
(x200 magnification) were counted. (B) Immunohistochemical staining of tumor tissues with anti-CD66b antibody, specific for neutrophils, was performed.
Representative pictures of immunohistochemical staining of tumor tissues are shown. Positive cells in five power fields (x400 magnification) were counted.
Box plots show the 10th, 25th, 50th (median), 75th and 90th percentile values for the average number. "Significantly different from tumors expressing low
levels of IL-17 (p<0.01). Two-tailed p-values are based on the Mann-Whitney test.

p<0.0001, Fig. 2A). On the other hand, there was no correla-
tion between expression levels of IL-17 mRNA and IL-23
mRNA in tumor tissues (1=0.415, p<0.0003, Fig. 2B).

Quantification of tumor microvessel density. To assess the
association between microvessel density and IL-17 expression
in tumor tissue, we performed immunohistochemical staining
with anti-CD34 antibody specific for endothelial cells.

High- and low-expression groups were defined by the median
value of IL-17 mRNA expression of this study population.
The number of vascular endothelial cells was significantly
higher in tumors expressing high IL.-17 mRNA than in tumors
expressing low IL-17 mRNA (p<0.01, Fig. 3A).

Quantification of tumor-infiltrating neutrophils. To assess the
association between neutrophil infiltration and IL-17 expres-
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Figure 4. Immunohistochemistry for IL-17 in normal and tumor site. (A) Representative pictures of immunohistochemical staining with anti-IL-17 antibody
at the normal (left panel) and tumor (right panel) site of gastric cancer specimens. More IL-17-positive cells were observed in the tumor tissues than in the
adjacent normal tissues. The original magnification is x400. (B) Double immunofluorescence histochemistry for CD4 and IL-17 in tumor site. Tissue sections
from a tumor were incubated with mouse monoclonal antibody against CD4 together with rabbit polyclonal antibodies against IL-17. The monoclonal
antibody was detected with Alexa Fluor 488 conjugated goat anti-mouse IgG (green fluorescence; left panel), and the polyclonal antibodies were detected with
Alexa Fluor 546 conjugated goat anti-rabbit IgG (red fluorescence; middle panel). Merged image of the two fluorophores is displayed in yellow (right panel).

The original magnificationis x1000.

(B)

Figure 5. Immunohistochemistry for IL-17 and IL-21 in tumor site. (A) Representative pictures of immunohistochemical staining with anti-IL-17 antibody at
the tumor site of gastric cancer specimens. (B) Representative pictures of immunohistochemical staining with anti-IL-21 antibody at the tumor site of gas-
tric cancer specimens. The IL-21-positive cells did not always coincide with the IL-17-positive cells in the two serial sections. Original magnification x100.

sion in tumor tissue, we performed immunohistochemical
staining with anti-CD66b antibody specific for neutrophils.
High- and low-expression groups were defined by the median
value of IL-17 mRNA expression of this study population.
The number of infiltrating neutrophils was significantly
lager in tumors expressing high IL-17 mRNA than in tumors
expressing low IL-17 mRNA (p<0.001, Fig. 3B).

Distributions of IL-17-positive cells. To examine the expres-
sion of IL-17 in tumor and normal tissue, we performed

immunohistochemistry for IL-17. IL-17 immunoreactive cells
were rarely detected in non-cancerous adjacent tissues. On
the other hand, there were abundant IL-17-expressing cells
in tumor tissues; however, none of the tumor cells stained for
IL-17 (Fig. 4A).

Identification of IL-17-producing cells in tumors. To identify
IL-17-producing cells in tumor tissues, we performed double
immunofluorescence histochemistry with anti-IL-17 and
anti-CD4 antibodies in tumor tissues. The anti-CD4 primary



