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Abstract
Background
is rare. However, it often occurs with esophageal squamous

cell carcinoma and has been reported to have a poor

prognosis. , , :
Methods - In 4,714 cases of gastric cancer that underwent
gastrectomy, the clinicopathological features and postop-
erative prognoses of 29 cases with IM were evaluated and
compared with 2,770 cases of advanced gastric cancer
without TM., , g o

Results Of the 4,714 cases, 29 (0.6 %) were histopatho-
logically diagnosed with gastric cancer with IM. There
were significant differences in the number of lymph node
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melastases, capillary invasion, and stage grouping belween

cases with IM and advanced gastric cancer without IM.
Metastasis size was approximately within 2 cm, and many
metastases occurred within 2 cm of the primary lesion.
Multiple metastases were observed in 38 % of cases and

“occurred mainly in the submucosa and muscularis propria.

IM was detected preoperatively in 17.2 % of cases and was
present equally 0’:}1}01]) sides of the primary lesion. Nine
cases had IM outside the stomach. The median survival
time with IM was significantly less than in cases of

~ advanced gastric cancer without IM (p < 0.0001). A sub-

group of cases with IM within 1 ¢m of the primary lesion
had a relatively favorable prognosis.

Conclusions The presence of IM is thought to be one of
the most ;impo‘rlyam'p”rognoslic factors in gastric cancer.
Aggressive resection is recommended to_increase long-
term survival if curative resection is possible.

Keywords Slbxﬂach neoplasms - Gastric cancer -

Lymphatic metastasis - Intramural melastasis - Prognosis

Introduction

Intramural mctaystasiys(li\d) in gastric cancer has been rarely
reported. l~IowC\?clg esophagealsquamoﬂﬂs cell carcinoma is
often znccox11]jleii¢cl by IM, and such cases have been
reported to have a poor prognosis. As a result, the presence
of IM with carcinoma’is considered 10 be one of the most
important prognostic factors [1=3]. There have been no
detailed clinicopathological descriptions of IM in gastric
cancer, to date, Therefore, we retrospectively conducted a
clinicopathological study on the incidence of IM-and its
relationship to prognosis and survival,
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Patients and methods

We reviewed 29 cases with IM in gastric cancer among
4,714 cascs (0.6 %) who underwent gastreclomy between
1975 and 2004 at the Tokyo Metropolitan Cancer and
Infectious Diseases Center (CICK), Komagome Hospital.
Clinicopathological characteristics including age, gender,
operation data, histological diagnosis, stage, and survival
data were obtained from our hospital database and clinical
records. Preoperative diagnosis was based on upper gas-
trointestinal bartum studies, endoscopic examination, and
computed tomography. Resected specimens were exam-
ined using standard hematoxylin and eosin staining. The
gaslric cancers were evaluated according to the “Japanese
Classification of Gastric Carcinoma” (Japanese Gastric
Cancer Association, 3rd English edition) {4].

Diagnostic criteria of IM

To diagnose IM histologically, we modified the criteria
of Nishimaki et al. [1] as follows: (1) clearly separated
from the primary tumor; (2) located in the wall of the
esophagus, stomach, or duodenum; (3) having a gross
appearance of a submucosal tumor without intraepithelial
cancer extension; (4) having the same histological type

Fig. I A case of gastric cancer with intramural metastasis (IM).
X-ray examination (a) and gross appearance of the resected specimen
(b, ¢) show the primary tumor (arrowheuds) and IM (arrows). The IM

@ Springer

ag the primary tumor; and (5) lacking any evidence of
intravascular growth.

These criteria discriminated IMs from multiple primary
tumors in the esophagus or stomach and from intravascular
tumor emboli around the primary tumor. A typical example
of IM is shown in Fig. 1.

Statistical analysis

The association between factors was evaluated using the ¥ test
and Fisher’s exact probability test. The significance of differ-
cnce among means was determined using the Mann—-Whitney
U test. Survival rates were determined using the Kaplan-Meier
method, and differences between survival curves were exam-
ined with the log-rank test. Statistical analyses were performed
using the SAS software package Stat View, version 5.0 (SAS
Institute, Cary, NC, USA). A result was considered statistically
sighificant when the p value was <0.05.

Results

From 1975 to 2004, 4,714 patients with gastric cancers
underwent gastrectomy at the CICK. Surgerics were as
follows: 1,691 cases of total gastrectomy; 2,721 cases of

is clearly separated from the primary tumor and has the gross
appearance of a submucosal tumor. d Histologically, IM (arrow) is
present in the submucosal layer. Hematoxylin and cosin (H&E)
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distal: gastrectomy; 162 cases of proximal gastrectomy; 94
cases of segmentectomy; 11 cases of pancreaticoduoden-
ectomy; 32 cases of pylorus-preserving gastrectomy; and 3
cases of segmental resection of the stomach. There were
1,915 cases of early cancer and 2,799 cases of advanced
cancer. All 29 cases of IM were seen'in advanced cancers,
providing an onset frequency of 0.6 % of all resection cases
and 1 % of advanced cancer cases. In IM cases, surgeries
were as follows: 17 cases of total ‘gastrectomy, 11 cases of
distal gastrectomy, and 1 case of proximal gastrectomy.

The clinicopathological characteristics of gastric cancer
with IM

To evaluate the clinicopathological characteristics of gas-
tric cancer with IM, 29 cases of gastric cancer with IM
were compared with 2,%70 cases of advanced gastric cancer
without IM (Table 1). The mean age of IM cases is higher

Table 1 Patient characteristics of gastric cancer cases

than cases of advanced gastric cancer without IM. Histo-
logically, IM cases occurred significantly more frequently
in number of lymph-node metastases, lymphatic invasion,
vessel invasion, and advanced stage groupings compared
with cases of advanced gastric cancer without IM. All IM
cases showed marked lymph node metastasis and capillary
invasion. There were no significant differences between
these two groups with respect to gender, the main location
of the primary tumor, tumor size, macroscopic type, his-
tological type, depth of invasion, and residual tumor.

Characteristics of IM

The characteristics of IM are shown in Table 2. The mean
IM size was 1.09 & 1.10 cm (range, 0.2-6.0 cm). The
number of IMs was one in 18 cases (62 %), two in 4 cases,
three in 4 cases, four in'1 case, and five or more in 2 cases
(muitiple, 38 %). The layers affected by IM were 13 cases

With IM (n = 29) Advanced gastric cancer without IM p value
N Percent (%) N Percent (%)
Gender (male/female) 20/9 68/32 1,816/954 66/34 0.70
Age :
Mean + SD (range) 66.4 £ 9.12 (48-81) - 60.7 £ 12.26 (24-92) 0.04
Main location of primary tumor

Upper/middle/lower 10/10/9 34/34/32 791/1,018/961 29/37/34 0.78
Tumor size (cm) 8.22 + 4.02 - 8.12 & 4.19 (1.2-25.0) 0.89

(2.3-18.0)

Macroscopic type

112131415 - 2/5/15/4/3 717152114110 97/760/988/433/492 4/27/35/16/18 0.82
Histological type

Pap/tubl/tub2/por/sig/muc 4/3/5/9/212 14/10/31/31/7/7  321/429/507/988/366/159  12/15/18/36/13/6  0.51
Depth of invasion

m/sm/mp/ss/se/si 0/0/2/511517 0/0/7/17/52124  0/0/285/1,031/1,076/378  0/0/10/37/39/14  0.07
Number of lymph node metastases ‘ ;

0/1-2/3-6/1< 0/2/8/19 0/7/28165 604/541/592/1,033 22/20/21/37 0.0016
Distant metastasis site (liver/peritoneal/ 11 (5/8/1) - (168/477/-) - NA

cYn®
Capillary invasion

lyOfty111y2/ly3 0/2/7120 0/7/24169 73/1,137/870/690 3/41/31/25 <0.0001

vO/V1/v2Iv3 0/4/17/8 0/14/59/27 273/1,338/840/317 10/48/30722 <0.0001
Residual tumor '

RO/RI, R2 14/15 48/52 1,753/1,017 63/37 0.12
Stage

1 BAI A/TT B/IT A/ BATICTV 0/1/2/3/3/11/11 0/4/0/10/10/38/  184/331/352/346/358/283/  7/12/13/12/13/10/  0.0001

38 916 33

IM intramural metastasis, pap papillary adenocarcinomas, tub 1 well-differentiated tubular adenocarcinoma, fub 2 moderately differentiated
tubular adenocarcinoma, por poorly differentiated adenocarcinoma, sig signet-ring cell carcinoma, muc mucinous cell carcinoma, m mucosg, sm
submucosa, mp muscularis propria, ss subserosa, se serosa exposed, se adjacent structures, NA not assessable

® With overlapping
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. (45 %) in the submucosa (sm), 10 cases (34 %) in the
muscularis propria (mp), 5 cases (17 %) in the subserosa
(ss), and 1 (4 %) case in the serosa exposed (se). IM was
detected preoperatively in 5 cases (17.2 %) using upper
gastrointestinal barium studies and endoscopic examina-
tion. The mean distance between the IM and the primary
tumor was 1.21 £ 0.94 cm (range, 0.1-5.5 cm). Eleven
cases had IM in the portion of the surgical specimen
proximal to the primary tumor, 11 cases had IM in the
distal portion, and 7 cases had IM on both sides. Nine cases
had IM in an "adjacent organ, 6 cases had IM in the
esophageal wall, and 3 cases had IM in the duodenal wall.

Prognosis of the IM cases

The median survival time for all gastric cancers with IM was
11 months (with a 13.9 % survival rate at 3 years). Survival
time was 13.5 months (with an 18.8 % survival rate at
3 years) for cases in which RO resection was obtained, and
7.5 months (with an 8.9 % survival rate at 3 years) for cases
in which R1/2 resection was obtained, with no significant

Table 2 Characteristics of intramural metastasis (IM)

Size (cm)
Mean £ SD (range) 1.09 &+ 1.10
(0.2-6.0)
Number of IM
112/3/4/>5 18/4/411/12
Affected layer of IM
sm/mp/ss/se 13/10/5/1

Distance from primary tumor (cm)

Mean & SD (range) 1.21 £ 0,94 (1-5.5)

Preoperative diagnosis (%) 5(17.2)
Direction from primary tumor
Anal/oral/both sides 1/
Located in an adjacent organ esophagus/ ©36
duodenum
Fig. 2 Postoperative survival 14
of IM cases. 3 yr 3-year survival
rate, MST mean survival time 8
2
£ 6
®
2
e .44
3
172
2
0 o

difference observed between the two groups (p = 0.12)
(Fig. 2). However, no cases of recurrence were observed in 5
of 14 cases in which RO resection was obtained.The median
survival time for all gastric cancers with IM was significantly
lower than for cases of advanced gastric cancer without IM
(p < 0.0001). In cases of advanced gastric cancer without
IM, the median survival time was 39.4 months witha51.1 %
survival rate at 3 years (Fig. 3).

Prognosis by distance from the primary lesion and by
the size of the IM was also calculated. The relationship
between the size of the IM and the distance from the pri-
mary lesion is shown in Fig. 4. A constant tendency was
not observed between the IM size and the distance from the
primary lesion, but the IM size was approximately within
2 cm, and many occurred within 2 cm of the primary
lesion. Thus, when the cutoff value for the distance was set
at various lengths from 0.5 to 2 cm, the 1-cm distance was
associated with the most significant difference in survival.
Cases with a distance from the primary tumor of less than
1 cm lived significantly longer than cases with a distance
of 1 cm or more from the primary tumor. In all cases of IM
for the distance from the primary tumor, 3-year survival
rates and median survival times were 25.7 % and
28 months versus 0 % and 8 months (p = 0.0026),
respectively. In RO cases of IM for the distance from the
primary tumor, 3-year survival rates and median survival
times were 41.7 % and 29 months versus 0 % and
11 months, respectively (p = 0.0075) (Fig. 5).

Three-year survival rates and median survival times of
cases with an IM size smaller than 1 cm were higher than
those of cases with IMs of 1 cm or larger, although the
difference was not significant. In all cases of IM for the IM
size, 3-year survival rates and median survival times were
22.1 % and 13 months versus 0 % and 9 months, respec-
tively (p = 0.36). In RO cases of IM for IM size, 3-year
survival rates and median survival times were 20.0 % and
14.5 months versus not -assessable and 11.5 months,
respectively (p = 0.72) (Fig. 6). ~

Number of Patlents 3 yr MST (months)
— Qverall 29 13.9 % 11.0
™ RO casea 14 18.8 % 13.5 P=0.12
— R1,R2cases 15 89 % 15 (Log rank)

T T v T Y T . T * L] v ) T
0 20 40 60 80 100 120 140
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14 —— advanced gastric cancer without IM

all gastric cancer with IM

Survival rate

0 60 120 180 240
Months after surgery

Fig. 3 Survival curves for patients with all gastric cancers with TM
(blue line, n = 29) and advanced gastric cancer without IM (red line,
n = 2,770) p < 0.0001

6.0
25

2

pury
w

—

IM size (cm)

0.5

0 0.5 1 1.5 2.055
Distance from primary tumor (em)
Fig. 4 Correlation between size of IM and distance from primary

tumor. The majority of IMs were less than 2 .c¢m in size and were
located within 2 cm of the primary tumor

3yr MST (months) ~ p-value

— 257 Y% 28.0
¢ T p=vone
— % 80
—_— 7% 0
=0.0075
— 0t 1L J

Survival rate

T

0 20 40 60 80 100 120 140 160 180

Months after surgery

Fig. 5 Postoperative survival according to distance [rom primary
tumor. Red line (15 patients): <1 c¢m from the primary tumor of all
cases, orange line (14 patients): >1 em from the primary tumor of all
cases, blue line (6 patients): <1 cm from the primary tumor of RO cases,
green line (8 patients): =1 cm from the primary tumor of RO cases

3yr  MST (months) p-value

1 — L% 13.0 :
¢ j p=036
—_— % 9.0
81 — 200 % 145
} , j =072
o ——  NA 115
@ 6- l
@ i
2
g A ]
pos | )
(%)
2 |
. O~
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Fig. 6 Postoperative survival according to size of IM. Red line (17
patients): <1 cm in size (all cases), orange line (12 patients): >1 cm
in size (all cases), blue line (6 patients): <lem in size of RO cases,
green line (8 paiienis): >1 cm in size of RO cases. NA noi assessabic

Discussion

Generally, IM in gastric adenocarcinoma is very rare.
A PubMed search from 1950 to 2010 using gastric cancer
and IM as keywords revealed only three case reports [3, 6],
and there are no articles to date that have verified this con-
dition. This study provided the first analysis of IM in gastric
cancer.

In-contrast to IM in gastric cancer, IM is often observed
in esophageal squamous cell carcinoma and was first
reporled by Watson in 1933 [7]. The frequency reportedly
ranges from 10.8 to 15.5 % in advanced esophageal can-
cers {2, 3, 8, 9]. In this study, the incidence of IM was only
0.6 % in cases of resected gastric cancer and 1 % in
advanced cancer cases, and it was a very rare pathology,
comparéd with the incidence in esophageal cancer.

Compared with primary lesions without IM in esopha-
geal squamous cell’ carcinoma, the ~clinicopathological
features of primary lesions with IM are reported to include
advanced stage grouping, a higher rate of lymph node
metastasis (79-99 %), and a higher rate of capillary inva-
sion (76~-100 %) [1-3,-9], features that correspond to the
results of this study in gastric cancer. Distant metastasis
was detected in 37.9 % of 1M in this study, whereas the
reported rate of IM is 29.2 % in esophageal cancer [2].

It is believed that IM" in esophageal cancer is mediated
by lymphatic invasion to the submucosal layer. Conse-
quently, it is believed that lymphatic invasion and/or lymph
node -melastasis cases are common, with large numbers of
lymph node metastases [7]. In this study, based on the fact
that cases positive for capillary invasion are common,
particularly for lymphatic invasion, the proliferation. of
cancer cells deeper than the submucosal layer via lymph

@__ Springer
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flow was also assumed to be an onset mechanism for IM in
gastric cancer, similar to esophageal cancer.

In this study, the IM size was approximately within 2 cm,
and many occurred within 2 cm of the primary lesion. Mul-
tiple IMs were observed in 38 % of IM cases, and 31.0 % of
IM cases had IM outside the stomach. Some literature states
that gastrointestinal endoscopy should be used first, because it
is convenient and allows for histological examinations [10].
Especially for advanced gastric cancers, careful observation
within 2 cm of the primary lesion and observation of adjacent
organs for the presence of IM will be important for deter-
mining the line of dissection of the stomach. However, caution
is required because there are cases in which IM is observed
inside a wall that is relatively far from the primary lesion, ata
maximum of 5.5 cm, or in which metastasis to the duodenum
or the esophagus is observed.

Regarding the positional relationship between the pri-
mary lesion and the IM in esophageal cancers, Takubo
et al. [2] reported that IM was equally present on both sides
of the primary lesion. Similarly, in our study, IM was
present equally on both sides.

In this study, the IM was detected preoperatively in five
cases (17.2 %). All IMs existed in layers deeper than the
sm, so submucosal tumors covered with normal epithelium
are an important finding in gastrointestinal barium studies
and endoscopic examinations. Takubo et al. {2] reported
that the IM in esophageal cancer was detected preopera-
tively 54.2 % of the time, with a dome-like appearance
covered with normal epithelium, similar to that of sub-
mucosal tumors, often with erosion or ulceration. The
difficulties in making a preoperative diagnosis of IM in
gastric cancer probably result from the small size and the
absence of erosion and ulceration.

The prognosis of esophageal cancer accompanied by IM
is exceedingly poor, with a survivalrate at 5 yearsof 9 % and
amedian survival time of 7 months [3],'making it one of the
major causes of poor postoperative prognosis [1, 2]. The
median survival time of gastric cancer cases with IM was
relatively favorable, at 11 months (13.9 % survival rate at
3 years). However, the results of our study indicated a sig-
nificantly poorer prognosis in all gastric cancers with IM than
in cases of advanced gastric cancer without IM. A subgroup
of cases with IM within 1 cm of the primary lesion had a
relatively favorable prognosis in this study. Yuasa et al. [3]
also reported that a subgroup of cases with IM less than
2.0 cm from the primary tumor may have a relatively
favorable prognosis in esophageal cancer. More specifically,
even if a gastric cancer is accompanied by IM, long-term
survival may be achieved if curability can be obtained and if
the IM remains in the vicinity of the primary lesion.

This study has several limitations. Because of the low
overall number of cases diagnosed with IM in gastric cancer,
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“the number of cases in our study was too small to perform

more rigorous statistical evaluation, and bias may have
affected the clinicopathological investigation. However, the
method of histopathological evaluation was consistent, and
this consistency can be considered a strong point of the study.

In conclusion, the presence of IM is thought to be one of
the most important pathways of tumor spread and a factor
in determining the prognosis of gastric cancer cases. In this
study, 1 % of advanced gastric cancer cases had IM. If the
IM is diagnosed preoperatively and curative resection is
possible, aggressive resection should be performed. If the
IM is not diagnosed preoperatively, surgical margins of at
least 2 cm or more should be obtained.
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survival at 2 years was 83%.
Conclusion.

CBT.

Acute Kkidney injury (AKI) is a common medical
complication early after myeloablative allogeneic stem
cell transplantation (SCT). The incidence of AKI,
defined as a 2fold rise in serum creatinine (sCr)
concentration from baseline, has been reported ranging
from 36% to 72% in SCT in a myeloablative setting
(1-7), and about 20% required hemodialysis. We have
previously reported a retrospective analysis of AKI in a
group of 54 adult patients with hematological malig-
nancies who received unrelated cord blood transplan-
tation (CBT) after myeloablative conditioning between
2004 and 2007 (8). A statistically significant decrement
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factor was associated with the incidence of AKIL. No transplant-
related mortality was observed. The probability of disease-free

These findings suggest that strict monitoring of VCM
serum trough concentrations has a beneficial effect on outcomes of

Received 14 May 2012, revised 17 July 2012, 13 August
2012, accepted for publication 18 August 2012

DO 10.1111/1id.12038
Transpl Infect Dis 2013: 15: 181186

of renal function from baseline was observed between
days 11 and 20. Among the 54 patients, AKI occurred in
27.8% and was associated with a high mortality rate.
Although no_difference was seen in maximum cyclo-
sporine (CYA) trough levels, the maximum vancomycin
(VCM) trough levels were significantly higher in
patients with AKI (8). Following these results, we have
monifored VCM serum trough concentrations more
strictly. In this report, we performed an analysis of AKI
in a new group of 38 adult patients with hematological
malignancies treated . with unrelated CBT after
myeloablative conditioning between January 2008 and
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July 2011. The main purpose of this retrospective
single-center study was to confirm the efficacy of strict
monitoring of VCM serum trough concentrations, as
well as to identify factors related to the incidence of
AKI.

Patients and methods
Patients

This was a retrospective single-center analysis. Between
January 2008 and July 2011, 39 consecutive adult
patients with hematological malignancies were treated
with unrelated CBT at The Institute of Medical Science,
University of Tokyo. We excluded 1 patient who
experienced primary engraftment failure. A total of 38
patients were analyzed. Patients qualified as standard
risk if they were in first or second complete remission,
had chronic-phase chronic myelogenous leukemia or
refractory anemia of myelodysplastic syndrome, or had
no high-risk cytogenetics. Patients in third complete
remission, in relapse, or in refractory disease, with
chronic myelogenous leukemia beyond chronic phase,
or with high-risk cytogenetics were classified as high
risk. Analyses of data were performed in December
2011. Written informed consent for treatment was
obtained from all patients.

Conditioning

All patients received 4 fractionated 12 Gy total body
irradiation on days —8 and -7, in addition to cytosine
arabinoside (Ara-C) and cyclophosphamide. Ara-C was
administered intravenously (IV) over 2 h at a dose of
3 g/m® every 12 h on day —5 and —4 (total dose 12 g/
m?). In patients with myeloid malignancies, recom-
binant human granulocyte colony-stimulating factor
(G-CSF) was combined with Ara-C. G-CSF was admin-
istered by continuous infusion at a dose of 5 ug/kg/
day. Infusion of G-CSF was started 12 h before the first
dose of Ara-C and stopped at the completion of the last
dose. Cyclophosphamide was administered IV over 2 h
at a dose of 60 mg/kg once daily on days —3 and —2
(total dose 120 mg/kg). Two days after the completion
of conditioning, patients received a CBT.

Graft-versus-host disease (GVHD) prophylaxis

All patients received standard CYA and ﬁ]ethotl'exate
as GVHD prophylaxis. CYA was given IV every day

starting on day -1 at a dose of 3 mg/kg/day.
Methotrexate (15 mg/m* IV) was given on day 1,
and 10 mg/m® on day 3 and 6. Once oral intake could
be tolerated, patients were administered oral CYA at a
dose of 1:2, in 2 divided doses per day, based on the
last intravenous dose. CYA was reduced when sCr
levels rose above 1.5 times baseline, or other serious
agent-associated toxicities occurred. Physicians could
freely modify the CYA dose for patients experiencing
severe acute GVHD (aGVHD) or risk of disease
relapse. Corticosteroid-based treatment was consid-
ered when grade II or higher severe aGVHD occurred
(0.5-2 mg/kg).

Supportive care

All patients received G-CSF by intravenous infusion
starting on day 1 until durable granulocyte recovery
was achieved. The supportive care regimen, including
prophylaxis for infection was the same as previously
reported (8, 9).

Monitoring »

All patients were monitored retrospectively 10 days
before, and after the first 100 days, of CBT. Daily
laboratory data collecting and the detecting method of
VCM and CYA trough concentration were the same as
previously reported (8). Therapeutic drug monitoring
for VCM by assessing serum trough concentration was
done twice in weekly, and modified to not exceed

-10.0 mg/L.

End-points and definitions

AKI was defined as 2-fold rise in sCr concentration on
daily laboratory results from the baseline (the average
of days —10 to 0). Myeloid engraftment was defined as
the first of 3 consecutive days, during which the
absolute neutrophil count was at least 0.5 x 107/L.
Platelet recovery time was achieved on the first of
3 days when the platelet count was higher than
50 x 10%/L without transfusion support. The aGVHD
was graded according to previously published criteria
(10). Transplant-related mortality was defined as death
from any cause except relapse. Relapse was defined by
morphologic evidence of disease in peripheral blood,
bone marrow, or extramedullary sites. Disease-free
survival was defined as the time from CBT to relapse,
death, or the last observation.
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Statistical analysis , Characteristics and clinical course

Continuous variables - are expressed -as: median and
their range.  For dichotomous variables, the frequen-
cies of positive occurrence are given along with their
corresponding - percentages..  Continuous . variables
were -divided into high or low with their median
values, and a single. VCM trough concentration of
10.0.mg/L was defined -as a threshold level for
analysis.- Cumulative incidence of AKI was estimated
with - competing risk setting, of ~which death .and
relapse were defined - as. competing risk . events.
Variables considered in univariate analysis were hody
weight, age, recipient gender, recipient cytomegalovi-
rus serology, disease status at transplant (standard or
high risk), total nucleated cell .dose, CD34+ cell dose,
baseline sCr levels, VCM use, VCM trough levels,
CYA trough levels, foscarnet use, aminoglycosides
use, days of neuirophil engraftment, aGVHD grade 3~
4, and positive blood culture result. Variables with a
Pwvalue <0.1 for cumulative incidence of AKI were
tested in multivariate analysis using Cox proportional
hazards models, and Pvalues <0.05 were considered
to be statistically significant. ~The  probability of
disease-free survival was estimated from the time of
CBT according to the Kaplan-Meier method. End-
points were calculated at the last contact, the date of
the last follow-up being December 1, 2011. Statistical
software R, version 2.12.2, was used for analysis.

Results
Characteristics of patients and cord blood units

The characteristics of 38 patients and cord blood units-
are shown in Table 1. Among the patients, the median
age was 41.5 years (range, 18-52 years), the median
weight was 59.5 kg (range, 39-76 kg), the median
number of cryopreserved nucleated cells = was
2.8 x 107/kg (range, 1.7-5.7 x 107/kg), and the med-
ian number of cryopreserved CD34+ cells was
0.9 x 10°/kg (range, 0.4-2.6 x 10°/kg). All patients
received a single and human leukocyte antigen-mis-
matched cord blood unit.

Time courses of changing renal function

No patient had confirmed renal dysfunction before
transplantation. The changes of renal function as
variations (%) of sCr from baseline levels observed on
days 11-20 were greatest and significant (+15.8%, Table 1
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0.57 4+ 0.18 mg/dL to 0.71 4 0.24 mg/dL, P < 0.001).
No obvious recovery occurred of declined renal func-
tion, which remained until day 100.

Incidence and risk factors of AKI

Cumulative incidence of AKI at day 100 after CBT was
34% (95% CI 19-50) (Fig. 1). The median of the
maximum value of VCM trough was 8.8 (4.5-12.2)
mg/L. In univariate analysis, baseline sCr levels and
foscarnet use were associated with the incidence of AKI
(Table 2). In multivariate analysis, no factor was
associated with the incidence of AKI (Table 2).

Transplant outcomes

All patients had myeloid reconstitution, and the median
time to >0.5 x 10"/L absolute neutrophil count was
21 days (range, 17-30 days). A self-sustained platelet
count >50 x 10°/L was achieved in 37 patients at a
median time of 45.5 days (range, 34-127 days). In 37 of
38 evaluable patients, aGVHD occurred. The grading of
aGVHD was grade I in 7 patients, grade II in 25, grade
I in 4, and grade IV in 1. No one experienced hepatic
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veno-occlusive disease. Six of 38 patients (16%) had
positive blood culture; however, no one had confirmed
hypotension, indicated with decrease in systolic blood
pressure >10 mmHg to <90 mmHg. Of 6 patients with
positive blood cultures, 4 patients were not adminis-
tered VCM. The total number of positive blood cultures
was 13 of 998 specimens. Ten of 13 bacterial pathogens
from blood cultures were gram-positive cocci (Table 3).
Vancomycin-resistant Enferococci were detected in 1
patient from blood culture, however, this had been
continuously detected from stool specimens since
admission. No patients required hemodialysis. Among
the 38 patients, no patient died of transplant-related
causes (transplantrelated mortality 0%). Six patients
relapsed. Of these 6 patients, 5 patients died of relapse.
A total of 32 of 38 patients are alive and free of disease
at between 139 and 1400 days (median: 634 days) after
CBT. The probability of disease-free survival at 2 years
was 83% and 77% at 3 years (Fig. 2).

Discussion

In this study, similar trends were observed in the time
course of renal function changes as previously
reported (8). However, the elevation in sCr was lower
in this study, especially in days 11-20 (from 35.0% [8]
to 15.8% in this study). Cumulative incidence of AKI
was 34%; however, this was not assessed in our
previous study (8). When we assessed the incidence
of AKI with an identical definition to the previous

Univariate and multivariate analysis of factors associated with acute
kidney injury
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Fig. 1. Cumulative incidence (CI) of acute kidney injury (AKI). Table 2
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Fig. 2. Probability of disease-free survival after cord blood transplan-
tation.

study, defined as just a 2-fold rise in sCr of 10 days
average before and after transplantation, the incidence
of AKI decreased to 11% in this study. In our previous
study, the maximum VCM trough levels were signif-
icantly higher in patients with AKI (8); therefore, we
have monitored VCM serum trough concentrations
more strictly to not exceed 10.0 mg/L since 2008 in
this study period. The average maximum value of VCM
trough levels was lowered to 8.7 £ 2.1 mg/L from
12.2 4+ 4.6 mg/L in the previous study, and proportion
of patients with trough levels >10.0 mg/L was also
decreased from 57% to 24%. Although baseline sCr
levels and foscarnet use were associated with the
incidence of AKI, VCM trough levels were not associ-
ated with AKI in univariate analysis. No factor was
associated with AKI in.multivariate analysis. Parikh
et al. (11) reported AKI significantly affects survival
after myeloablative allogeneic SCT in their meta-

Mae et al: Acute kidney injury after CBT

analysis, and more recently, Kagoya et al. (7) as well
as Gooley et al. (12) reported the association' of
severity of AKI classification and non-relapse mortality
within 100 days after transplantation. Although cumu-
lative incidence of AKI:was 34% in this study, no
patients required hemodialysis or died of transplant-
related causes. Recently, Yazaki et al. (13) reported the
association of overall “mortality “and early bacterial
infection of CBT"in adults. They reported that cumu-
lative incidence of early bacterial infection at day 100
was 21%, early bacterial infection had a negative effect
on survival for adults, and the median day of develop-
ment was 10 days after transplant, suggesting that
prevention of bacterial infection in the very early post-
CBT phase is important. Recently, a shift has occurred
in the type of infecting organisms that cause bactere-
mia from predominantly gram-negative organisms to
gram-positive cocci. The same trend is confirmed in
the CBT (13, i4). VCM has an important role for
infection control of gram-positive bacteremia, and was
given to almost all the patients in this study.- The
reduced  susceptibility of staphylococci for VCM has
been reported since the mid 1990s, and prolonged
exposure to lower VCM concentration has been
associated  with resistance (15). Although very few
studies about pharmacokinetics and pharmacodynam-
ics of VCM are available, several studies revealed area
under the curve/minimum inhibitory concentration
(AUC/MIC) as a preferred parameter, and AUC/MIC
>400 associated with successful outcome and preven-
tion of resistance (15, 16). Because of the difficulty of
determining multiple concentrations for calculating
AUC in the clinical setting, VCM trough concentrations
have been recommended as the best surrogate marker
for AUC/MIC, and concentrations of 15-20 mg/L -
higher than the 5-15 mg/L previously recommended -
is recommended as the target range (16). However,
because an increased risk of nephrotoxicity with
elevated VCM trough concentrations has been
reported, and no appropriate pharmacokinetic/pharm-
acodynamic parameters for VCM have been deter-
mined (15, 17, 18), careful assessments are needed for
using VCM at high target concentrations. Although we
controlled VCM levels to not exceed 10.0 mg/L in this
study, no patient died of bacterial infections. Further
studies are required to determine the optimal VCM
trough concentrations. Few reports are available about
monitoring VCM trough concentrations for preventing
AKI in allogeneic SCT in adults. Despite the limitations
associated with this retrospective review of a small
number of patients, our results suggest that strict
monitoring of VCM serum trough concentrations has a
beneficial effect on outcomes of CBT.
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Introduction

Ciolorectal cancer (CRC) is one’ of the most: frequent human
neoplasms i the world. In CRC cells, disruption of systems
governing genetic or epigenetic integrity renders different features
such as chromosomal instability (CIN), microsatellite instability
(MS]), and CpG island methylator phenotype (CIMP). A great
majority of colorectal tumors exhibit -CIN that ‘includes gross
genetic changes such as deletions, - amplifications, inversions,
rearrangenments, gain or loss of whole or large portions of
chromosomes; and translocations [1]. An earlier study identified
somatic mutations -in five genes ‘including MREII, W10,
ZWILCH, ROD, and DING, among 100 human CIN-candidate
genes that shared similarity with yeastor fly “instability” genes [2].
Their data suggested that at least one of three functions including
double-strand break repair, kinetochore function, and chromatid
segregation, ‘is impaired in CIN tumors by somatic mutation.
Another study searched for mutations of 102 human homologues
of yeast CIN genes in 132 colorectal cancers. Consequently, they
identified a total of 11 mutations in five genes that included four
associated  with sister chromatid cohesion (SMCILI, CSPGO,

PLOS ONE | www.plosone.org

NIPBL, and STAGS3, the homologues of yeast SMCI, SMC3,
SCCZ, and SCC3, respectively) [3]. Since sister chromatid cohesion
is indispensable for cellular - processes such' as chromosome
segrégation, homologous recombinational repair, and regulation
of transcription [4], genetic alterations in- the components and
regulators should pldy a crucial role in the CIN of colorectal
tumors. ;

We previously performed gene expression profile analysis in
CRC [5], and 'identified that DNA replication and sister
chromatid cohesion 1 (DSCCI, also known as’ DCCI) was
frequently elevated in' colorectal tumors compared with non-
cancerous colonic mucosa. Deelp, a homolog of DSCCH, was first
identified as a member of alterative replication factor C (RICY
complex in the yeast, and physically associates with Ci8p and
Cif18p [4]. Deletion of the component, Cif18p, CiBp, or Declp,
resulted in severe sister chromatid cohesion defects, and increased
sensitivity to microtubule depolymerizing drugs, suggesting that
these components are essential for maintenance of chromatin
integrity [4]. Although Deelp was not essential for the viability of
yeast, deletion of Declp led to synthetic h,t]mht) in combination
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with mutation of other sister chromatid cohesion proteins [6]. In
addition (o the implication in sister chromatid cohesion, the
CTF18-DSCCI-C'TF8-RFC complex plays a crucial role in DNA
replication  through the interaction with  single-stranded and
primed DNA as a loader of proliferating cell nuclear antigen
[7]. Furthermore, genetic network analysis of functionally related
genes in the yeast suggested that the components of CTIF18-
DSCCI-CTF8-RFC  complex interact with the MAD/BUB
spindle checkpoint pathway, the RADST DNA vepair pathway
for double-strand breaks, the RAD9 DNA damage checkpoint,
and the TOF1/MRC DNA replication checkpoint pathway [8,9].
The finding that mutation in CTF18-RIC increased triplet repeat
instability corroborated the role of this complex in the DNA-
replication checkpoint [10]. These data indicated that DSCCI
plays an important role in replication, spindle checkpoint and
DNA repair, which prompted us to investigate whether deregu-
lated expression of DSCCI is involved in human colorectal
tumorigenesis.

Here, we show for the first time that DSCC1 is {requently up-
regulated in CRC at least in part through the enhanced
transcriptional activation by E2F. We also reveal that clevated
expression of DSCC1 confers chemoresistance in CRC cells by
providing tumor cells with anti-apoptotic properties. These
findings will contribute to a better understanding of CRC, and
serve as a starting point for the development of novel strategies for
diagnosis and treatment of CRC.

Materials and Methods

Ethics statement

"This project was approved by the ethical committee of Institute
of Medical Science, the University of T'okyo (IMSUT-IRB, 21-14-
0806). Written informecd consent was obtained from all patients in
this study. All colorectal cancer tissues and corresponding non-
cancerous tissues were obtained from  surgical specimens ol
patients who underwent surgery.

Cell culture

Human CRC cell lines HCT116, HC'T-15, SW480, DLD-1,
LoVao, Caco-2, LS174T, HT-29, and RKO were purchased from
the American Type Culture Collection (Manassas, VA). All cells
were grown in appropriate media supplemented with FBS (Life
Technologies, Carlshad, CA) and antibiotic/antimycotic solution
(Sigma, St. Louis, MO).

Preparation of plasmids expressing DSCC1 and E2Fs

The entire coding region of DSCCT cDNA (GenBank accession
No. NM_024094) was amplified by RT-PCR using a set of
primers;  forward  primer:  5'-CCGGAATTCATGAAGAG-
GACCCGCGAC-3" and reverse primer: 5'-CGGCTCGAGA-
GAAATGGGTCTITCTCGAATTAT-3' (underlined nucleotides
indicate the recognition sites of restriction enzymes). The PCR
products were cloned into the £eoR1 and Xhol sites of pcDNA3.1/
myc-His. We additionally generated plasmids expressing HA-
tagged DSCC1 (pCAGGS-DSCC1). The constructs pcDNA3-
HA-E2Fs were kindly provided by Dr. J. R. Nevins (Duke
University, Durham, NC).

Quantitative PCR and gene copy number analysis
Realtime PCR was performed using the LightCycler 480
system (Roche Diagnostics, Indianapolis, IN). Genomic DNAs
were extracted from CRC cell lines for copy number analysis.
Quantitative PCR was performed on ABI PRISM  7900HT
Sequence Detection System, using FAM-labeled probes (5'-
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TCAGGTTTCCTACCTTCCGGCTGCTT-3") and a set of
primers (forward: 5’ -GGCGCGCTTTCAAACG-3', reverse: 5'-
GCGGGCAAGAAAGAAGTTCC-3") for DSCCI, and TagMan
Copy Number Reference Assays RNase P as a quantitative control
(Life 'Technologies). The copy number of DSCCY in the cancer
cells was calculated in comparison with genomic DNA from

. healthy volunteers using CopyCaller Software.

Subcellular fractionation and immunoblotting

Cells were lysed in radioimmunoprecipitation assay buller
(50 mM Tris-HCI, pH 8.0, 150 mM NaCl, 0.5% sodium deoxy-
cholate, 1% Nonidet P-40, 0.1% SDS) supplemented with a
Protease Inhibitor Cocktail Set 111 (Calbiochem, San Diego, CA).
Nuclear extracts were prepared using Nuclear Extract Kit (Active
Motif; Carlshad, CA). Proteins were separated by SDS-PAGE and
immunoblot analysis was performed using the indicated antibod-
ies. Horseradish peroxidase-conjugated goat anti-mouse or anti-
rabbit 1gG (GE Healthcare, Buckinghamshire, UK) served as the
secondary antibody for the ECL Detection System (GE Health-
care).

Immunostaining

Primary antibodies used for immunchistochemical and immu-
nocytochemical staining were anti-DSCC1  (BO1P, Abnova,
Taipei, Taiwan) and anti-Myc (Sigma). The specificity of DSCC1
antibody was confirmed by the blocking with DSCCI recombi-
nant protein {data not shown). These experiments were performed
as described previously [11].

Induction of apoptosis and flow cytometry

To study the induction of apoptosis, cells were treated with
camptothecin (Wako, Osaka, Japan), doxorubicin (LC Laborato-
ries, Woburn, MA), MG132 (Merck Millipore, Darmstadt,
Germany), or exposed to y-irradiation (Gammacell 40, Atomic
Energy of Canada, Ontario, Ganada). Expression of cleaved poly
(ADP-ribose) polymerase (PARP) and cleaved caspase-3 was
detected by western blot analysis using  anti-cleaved PARP
(9541) and anti-caspase-3 antibodies (9662), respectively (Cell
Signaling T'echnology, Danvers, MA). Assessment of apoptosis was
also performed by annexin V and Pl double-staining using Alexa
Fluor 488 Annexin V/Dead Cell Apoptosis Kit (Life Technolo-
gics). Briefly, cultured cells were treated with  vehicle or
camptothecin for 24 h. The cells were stained with Annexin V
and PL, and subsequently analyzed on a FACSCalibur (Becton
Dickinson, Franklin Lakes, NJ) using FlowJo software (Tree Star,
Ashland, OR).

Cell viability assay

Plasmids expressing short hairpin RNA (shRNA) using U6
promoter (psiUGBX3.0) were prepared as described previously
[12]. Plasmids expressing DSCC1 shRNA (psiU6-shDSCC1) were
constructed by cloning double-stranded oligonucleotides into the
Bbsl sites of the psiUGBX3.0 vector. I'wo target sequences, 5'-
GUGGACAGAAGAAGAUAUU-3"  (shDSCC1#1) and 5'-
GCAAACCAUAGGUGCAUUA-3' (shDSCC1#2), were used
for DSCC1 shRNAs. As negative controls, we prepared a plasmic
targeting enhanced green fluorescent protein (psiU6-shEGIP) and
those targeting scrambled  sequences of shDSCCl#1 (5'-
AAAUUGCGAAGGUGAUGAA-3'; psiUG-shDSCCl#1scer) or
shDSCCI#2  (5'-AACACGUUAAUAACCGGUG-3';  psiU6-
shDSCC1#2scr). Cell viability assays were carried out  as
deseribed previously using HCT116, SW480, and RKO cells
transfected with plasmids expressing shEGIP, shDSCC1, or
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scramble shDSCCI1 [11]. To investigate the effect of DSCC1
overexpression on cell proliferation, we transfected SW480 and

HCTI16 cells with pCAGGS-DSCCI and established two or

three clones stably expressing exogenous DSCC1. Control SW480
and HCTTI6 cells transfected with empty vector were also
established as mock cells.

Promoter reporter assays and site-directed mutagenesis

Luciferase reporter plasmids containing the DSCCT promoter
were prepared by cloning the 5'-flanking region of DSCCT into the
Miul and Bglll restriction enzyme sites of pGL3-Basic vector
(Promega, Madison, WI). A DNA fragment of approximately 1.0-
kb in the 5'-lanking region of DSCCT was amplified by PCR using
genomic DNA from healthy volunteers and a set of primers
(forward: 5'-CGACGCGTATGTCTGCTCAGATCC T
GAAT-3",  reverse:  5'-GAAGATCTCGCCGGGTCTAG-
GAGTCC-3'). Mutant plasmids ‘containing substitutions in
putative E2F binding sites of the DSCCT promoter were generated
by site~directed mutagenesis using the QuikChange 11 XL Site-
Directed Mutagenesis Kit (Agilent Technologies, Santa Clara,
CA). Cells seeded into 6-well plates were transfected with the
reporter plasmids together  with pRL-TK  (Promega) using
FuGENE 6 reagent. Cells were harvested 24 hours after
transfection, and reporter activities were measured by dual
luciferase system (TOYO B-Net, Tokyo, Japan). For the knock-
down of E2F1 expression, synthetic E2F1 siRNA was purchased
from Siqnm (sense: 5'-GGGAGAAGUCACGCUAUGA-3', anti-
sense: 5-AUAGCGUGACUUCUCCCCC-3".

Chromatin immunoprecipitation assay

To investigate the interaction of LE2FI with the DSCCI
promoter region, a chromatin immunoprecipitation (ChlP) assay

was performed according to the Agilent Mammalian ChiP
protocol with slight modifications. HC'T116 cells were cross-linked
with 1% formaldehyde for 10 min at room temperature and
quenched with 0.4 M glycine. Chromatin extracts were sheared by
micrococeal nuclease digestion, and subsequently protein-DNA
complexes were immunoprecipitated with 3 pg of anti-I2F1
polyclonal antibody (C-20, Santa Cruz Biotechnology, Santa
Cruz, CA) bound to anti-rabbit IgG-coated Dynabeads (Life
Technologies). Non-immune rabbit IgG (Santa Cruz Biotechnol-
ogy) was used as a negative control, "The precipitated DNAs were
subjected to quantitative PCR analysis with a primer set (forward
(—26) 5’ -CCGGAAACACGCCCATGGC-3' and reverse. (+127)
5-GGGTCCTCTTCATCGCAGC-3Y) 1o am plify the DSCCI
promoter region. Specificity of the assay was determined by the
amplification of a distal upstream region in the DSCCI promoter
with the following primers: forward (—1279) 5'-AGTTGTAGG-
GAATGTTTCCCATT-3"  and  reverse  (=1111)  5'-
GATTGGTTCATGTGACCTACTTC-3'. In addition, the am-
plifications of cell division cycle 2 (CDC2) promoter and
glyceraldehyde-3-phosphate - dehydrogenase (GAPDH) promoter
were used for positive and negative controls, respectively (primers:
CDCZ forward 5'-CGCCCTTTCCTCTTICTTTC-3', €DC?
reverse. 5'-ATCGGGTAGCCCGTAGACTT-3', GAPDH for-
ward 5-TACTAGCGGTTTTACGGGCG-3', GAPDH reverse
5'-"TCGAACAGGAGGAGCAGAGAGCGA-3")., -~

Results

Expression of DSCC1 is frequently elevated in CRC

In order to identify novel target molecules for the treatment
and/or diagnostic hiomarkers of CRC, we previously performed
expression profile analysis of colorectal tumors and their matchecd
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normal colorectal tissues by ¢cDNA microarray {5]. Among the
genes deregulated in colorectal tumors, expression of DNA
replication and sister chromatid cohesion 1 (DSCCT) was increased
more than two-fold in 5 of 7 colorectal cancers compared with
corresponding non-cancerous colon mucosa (Figure 1A). Subse-
quent real-time PCR analysis using an additional 20 CRC tissues
and the corresponding non-cancerous mucosa revealed that
DSCCI expression was elevated more than two-fold i 12 of the
20 tumors (Figure 1A). An immunohistochemical staining showed
accumulated DSCCI protein in 29 of 40 CRC tissues compared
with corresponding  adjacent non-cancerous colonic  mucosa
(Figure 1B). Although we searched for correlations between its
expression and clinicopathological factors including age and sex of
the patients, location, size, and histological data of the tumors such
as depth of invasion, lymph node involvement, and vascular or
lymphatic vessel invasion, none of the factors was significantly
associated with DSCC1 expression (Table. SI). Additionally,
western blot analysis using CRC cell lines revealed that DSCC1
was abundantly expressed in HCTT16, HT-29, and DLD-1 cells,
and that it was expressed at low levels in SW480, SW620, and
Caco-2 cells (]‘1guu, lC.) Although we compared stability of
DSCCT protein in HCT116 (DSCCI-high) and SW480 (DSCC1-
low) cells by cycloheximide chase assay, DSCC1 was relatively
stable in both HCT116 and SW480 cells. Treatment with
MG132, a proteasome inhibitor also did not enhance DSCCI
expression (Figure S1A). These data suggested that protein
stability is not likely to play a malor role in the clcvat(,d expression

,'ofDSCsC] in cancer cells.

lmlmmolns!Ochmmcal “analysis unc\pccledly dcplctLd accumu-
lated DSCC1 in the. cytoplasm_and nucleus of DSCC1-positive
cancer cells (Figure 1B), although Dscel was reported to play a
role in' the establishment of cohesion during DNA replication in
the yeast. ‘To clucidate its subcellular localization; we carried out
immunocytochemical stainiig of endogenous DQC(, in HC'T116
cells. Gonsistent with the immunohistochemical staining of cancer
tissues, DSCCT protein was localized in both cytoplasm and
nucleus (Figure 1D and SIB). Furthermore, western blot analysis
using cytoplasmic and nuclear fractions extracted from HC'T116,
RKO, and DLD-1 cells (Figure 1E) and cells expressing Mye-
tagged DSCCI confirmed its subcellular localization in the
cytoplasm as well as the nucleus (Figuré S1C and S1D).

Copy number analysis of DSCCT -

To address whether gene amplification is involved in the
DSCCY overexpression, we conducted copy number analysis by
quantitative PCR using RNase P as a control. Compmcd with
peripheral leukocytes from healthy volunteers, the copy number of
DSCCT was not inereased in any CRC cell lines tested (Figare 11),
It is worth noting that a decrease in copy number was observed in
HT-29 cells that abundantly expressed DSCC1 (Figure 1C). We
further analyzed copy number alteration of DSCCI in colon and
rectumn adenocarcinoma (The Cancer Genome Atlas Colorectal
Cancer project) using the ‘cBioPortal database (http://www.
chioportal.org/public-portal/). As a result, putative copy number
changes ‘were found in 7 of 257 colorectal adenocarcinomas
(2.7%), suggesting that amplification of DSCCI does not play a
major role in the enhanced DSCC] expression.

Regulation of DSCCT promoter activity

To resolve the mechanism of clevated DSCC1 expression in
CRC, we investigated the promoter activity of DSCCI in HCT116
cells. Reporter assay using plasmids containing a 5'-flanking
region of DSCCT (pDSCC1-1023/+109) showed that this region
has a substantial promoter activity (data not shown). In the region,
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Figure 1. Expression of DSCC1 in colorectal tumors. (A) Relative expression ratios of DSCC7 in seven colorectal cancer tissues to their
corresponding normal tissues in our microarray data (upper panel). Relative expression levels of DSCCT in an additional 20 colorectal tumors and the
corresponding non-cancerous mucosa was analyzed by quantitative PCR (lower panel). Quantity of DSCC7 was normalized to HPRT1 expression. Y axis
indicates the ratio of mean of DSCC7 expression in tumor to that in their corresponding normal tissue. The data represents mean = SD from triplicate
experiments. (B) Representative image of immunohistochemical staining of DSCC1 in a human colon cancer tissue containing cancer cells and
adjacent normal mucosa. (C) Expression of DSCC1 in CRC cell lines was detected by western blotting using anti-DSCC1 antibody. (D) HCT116 cells
were probed with anti-DSCC1 antibody followed by FITC-conjugated anti-mouse IgG secondary antibody (green). Nuclei were counter-stained with
DAPI (blue). (E) HCT116, RKO, and DLD-1 cells were separated into the cytoplasmic (CF) and nuclear fractions (NF), and the cytoplasmic and nuclear
proteins were subjected to SDS-PAGE followed by western blotting. Purity of the fractions was determined by the presence of f-tubulin (cytoplasmic
marker) and lamin B (nuclear marker). (F) Copy number analysis of DSCC1 in eight CRC cell lines and HEK293 cells. Relative copy number of DSCC1
gene was determined by quantitative PCR using RPPHT as an endogenous reference. The copy number was calculated by dividing their PCR products
by those of peripheral leukocytes from healthy volunteers, and subsequently multiplying by 2.

doi:10.1371/journal.pone.0085750.g001
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we identified a putative E2F-binding motif, EBSI (—=3/+5; 5'-
CTTGGCGC-3") using the JASPAR (http://jaspar.gencreg.net/)
and TFSEARCH databases (http://www.cbre jp/research/db/
TFSEARCH.hunl) (Figure 2A). This putative binding site shared
high similarity with the consensus motif for E2F, TTTSSCGC
with S = G or C. Since E2F transcription factors are frequently
deregulated in a variety of tumors, we tested the effect of E2Fs on
the DSCCT promoter activity. Although E2F1, E2172, E2F3, and
E2F4 increased the promoter activity, E2F6 did not change the
activity. E2F1, which showed the strongest induction among the
four members, augmented the activity in a dose-dependent fashion
(Figure 2B and S2A). This enhancement was also observed in
other cell lines including LoVo, HeLa, and HEK293 (data not
shown). To examine the possible involvement of EBSI in the
enhancement, we measured reporter activity using the constructs
pDSCCI-10/+109 and +10/4109 in the presence or absence of
E2F1 (Figure 2C). Basal reporter activities of these reporter
plasmids were not significantly different in the absence of L2F1
plasmids. Deletion of EBS! (pDSCCI1+10/+109) dramatically
decreased L2F1-induced reporter activity (from 20.4-fold to 3.2-
fold). Unexpectedly, enhancement of reporter activity by E2F1
was still observed in +10/4109. Turther deletion up to +70 of the
promoter  (pDSCCI+70/+109)  completely  diminished  E2I71-
induced reporter activity (Figure 2C). In agreement with this
result, we found two additional presumptive EBSs, EBS2 (+31/+
38; 5'-CTTCCGGC-3") and EBS3 (+57/464; 5'-I'TGCCCGC-
3') in the region between +10 and +70. To address responsibilities
of EBS1, EBS2, and EBS3 for the induction, we prepared four
mutant reporter constructs (Figure 2D) by substituting the GC-rich
segment in E2F consensus motifs, TT'TSSCGC (S = C or G) or
STTTS, because these core motifs were reportedly crucial for E2F
binding [13,14]. Compared with wild type pDSCC1-10/+109
(14.8-fold induction), both types of LEBSl-mutant plasmids
(pDSCCI-10/+109 mutl, and mutl’) remarkably decreased the
reporter activity in response to E2F1 (5.2-fold and 5.8-fold,
respectively). Mutations in both EBST and EBS2 (pDSCC1-10/+
109 mutl+2) further decreased in the 12F1-induced activity (3.7-
{old). Mutant reporter plasmid containing substitutions in the three
clements (pDSCCI-10/+109 mutl+2+3) almost diminished the
enhancement (1.7-fold), suggesting that the three E2F - binding
motifs are responsible for the regulation of DSCCI promoter
activity.

Interaction of E2F1 with the DSCCT promoter region

To determine whether E2F] binds to the promoter region of
DSCC1, we performed quantitative ChIP assay using anti-E2F]
antibody and a set of primers encompassing the three putative
E2F-binding clements. The promoter of cell division cycle 2 gene
(CDC2), a well-known E2F] target, was enriched 13.4-fold with the
immunoprecipitated DNA (Figure S2B). Expectedly, the DSCCI
promoter region was enriched by up 16 15.4<fold in the DNA,
suggesting an interaction of the DSCCI promoter region with
E2F1 (Figure 2L). s

To confirm the involvement of E2F1:in-regulating DSCC1
expression, we investigated the silencing effect of E2F1 on DSCCI
expression. Real-time PCR and western blot analyses showed that
depletion of E2F1 decreased DSCCI expression (Figure 2F and
52C). RNAi-mediated knockdown of E2F] activity was confirmed
by reporter assay showing significant reduction of the DSCCI
promoter activity from 10.4 (Ctrl siRNA) 10 4.7-fold by L2F1
siRNA in SW480 cells (Figure 2G). These results suggested that
DSCCI transactivation is, at least in part, regulated by E2F] in
CRC through its interaction with the DSCCT promoter region, and
that the three EBSs play an important role in the transcriptional
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activation. To further investigate whether DSCC] expression is
modulated by E2F transcriptional activity, we compared the
relative expression of DSCCI with CDKT (CDC2), as readout of
E2F transcriptional activity, using two independent data sets (-
MEXP-3715 and GEOD-23878) in the Gene Expression Atlas
database (http://www.eblac.uk/gxa/). In the data sets, DSCC/
and CDKT were significantly up-regulated in colorectal tumors
compared with normal. colonic tissues (Figure 3). Notably, both
data sets calculated high. values of correlation coeflicient (k-
MEXP-3715, r=0.912 and GEOD-23878, r=0.864) between
DSCCT and CDKT, supporting the view that DSCCI is another
downstream gene regulated by E2I

Effect of DSCC1 on the proliferation of CRC cells

To address the role of its elevated expression in CRC cells, we
investigated. whether DSCCI1 is involved in the proliferation of
cancer cells. We carried out cell viability assay using plasmicds
expressing both DSCGC1 shRNA (shDSCC1#1, or shDSCC1#2)
and neomycin resistant gene. Plasmids containing the scrambled
sequence  of  DSCCI . shRNAs (shDSCClI#lscr  and
shDSCC1#2scr) and plasmid containing: EGI'P shRNA (shEGIP)
served as controls. ‘Transfection with these DSCC1 shRNAs
(shDSCC1#1, or shDSCCI#2) reduced the expression of
DSCC1, whereas tansfection  with  controls  (shEGEFP,
shDSCC1# Iscr and shDSCC14£2scr) had no eflect (Figure 4A).
HCT116 cells were cultured in media containing appropriate
concentration of G418 and the cell viability was measured, We
found that the number of viable cells transfected with DSCC141
or DSCCI#2 shRNA was significantly decreased compared to
those transfected with EGFP, DSCCl4#1scr, or DSCC1#2ser
shRINA, indicating that DSCCI plays a role in the viability of
cancer cells (Figure 4B). Consistent data was obtained in SW480
and RKO cells (Figure S3A). These results were confirmed in
repeated experiments.

In addition, we established SW480 cells that constitutively
express exogenous DSCCI, and compared their proliferation with
control cells transfected with mock vector (Figure 4C). Consistent
with the DSCC1-knockdown data, cells expressing exogenous
DSCCT  showed augmented cell proliferation  compared to
parental SW480 cells or control cells (p=2.2x107%). Similarly,
exogenous  DSCCl-expression enhanced  the proliferation  of
HCT116 cells Figure S3B).

Role of DSCC1 in the'induction of apoptosis

Since E2F1 conferred resistance to genotoxic insults [15,16,17],
we further investigated whether elevated DSCC1 expression plays
a role in the sensitivity of cancer cells to génotoxic stimuli. SW480
cells-expressing exogenous DSCC1 (SW480-DSCCI1#1, #3, and
#8) were exposed (o y-irradiation, and induction of apoptosis was
analyzed by immunoblotting with anti-cleaved PARP antibody. As
shown in Figure 5A, quantification of cleaved PARP-specific
bands revealed that y-irradiation led to 3.9, 2.6, and 1.2-fold
increase of cleaved PARP in control cells (SW480-Mock#1, #3,
and #4, respectively). On the other hand, 1.0; 1.4, and 1.2-fold
increase was observed in response to y-irradiation in. SW480-
DSCCI1#1, #3, and #8 cells, respectively, suggesting that
DSCC1 suppressed apoptosis by y-irradiation. In  addition,
treatment with camptothecin, an inhibitor of topoisomerase 1,
induced carly. apoptotic cells (annexin V-positive and Pl-low) by
5.6%2.9% in control cells (Figure 5B), while the -treatment
increased early apoptotic cells by “only 0.7£0.3% in SW480-
DSCCI cells, indicating a significant suppression of apoptosis
(p=0.02). These data suggested that elevated DSCC] expression
might confer resistance to apoptotic stimuli in cancer cells. In
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promoter by quantitative PCR. To ascertain the specific binding to the EBS, the amplification of a distal upstream region in the DSCCT promoter was
used for normalization. A significant difference was determined by t-test. (F) HCT116 cells were transfected with control or E2F1 siRNA (25 nM) for
48 h. DSCC? expression was detected by quantitative PCR. A significant difference was determined by t-test. (G) SW480 cells were transfected with
control or E2F1 siRNA (25 nM), followed 8 h later by transfection with reporter plasmid (pDSCC1-10/+109) and E2F1 expression vector or the empty
vector. After 48 h, luciferase activity was measured. The data represents mean * SD from three independent experiments.

doi:10.1371/journal.pone.0085750.g002

complete agreement with these results, knockdown of DSCCI
potentiated camptothecin- and y-irradiation-induced apoptosis in
HCT116 cells (Figure 5C and S3C). To address whether DSCC1
expression aflects cell death induced by other types of cytotoxic
reagents, we treated HCTTIG cells with doxorubicin, a DNA
intercalator, or MG132, a proteasome inhibitor, and measured the
cleavage of PARP and caspase-3, indicators of apoptosis.
Suppression of DSCCL augmented the cleavage of PARP and

caspase-3 in response to doxorubicin, whereas knockdown of

DSCC1 did not increase the cleavage in response to MG132
(Figure 83D and S3E). Therefore, DSCC1 may be associated with
the cell death caused by DNA-damage, but not with the death by
other types of cytotoxic insults. Of note, DSCC1 depletion also
enhanced induction of apoptosis by y-irradiation in p53-null
HCT116 cells (Figure S3F), suggesting that DSCCl-mediated
resistance against apoptosis was independent of p53. These results
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imply that suppression of DSCC1 may be useful for the treatment
and/or chemosensitization of GRC cells.

Discussion

“Regulated by the retinoblastoma tumor suppressor, pRB, and/
or related proteins, E21s play erucial roles in cell eycle, nucleotide
synthesis, DNA replication, DNA repair, and apoptosis [18,19].
Activities of E2Fs are regulated by integration of signals
transduced from the cellular DNA and the external environment.
E2F1 is thought to act as an oncogene and a tumor suppressor,
with its action dependent on the cellular context. Indeed,
overexpression of E2I'1 is observed in CRC cells, suggesting its
tumorigenic role in the cancer [20]. E2F1 expression is elevated in
lung metastasis of colon cancer, and correlates with thymidylate
synthase expression, resulting in chemoresistance [21]. On the
other hand, E2I°1 is over-expressed in colon tumors with increased
apoptosis and low proliferation [22]. Therefore, clarification of
E2F1 targets should give a clue how this versatile transcription
factor [amily is involved in colorectal carcinogenesis. We have
demonstrated here that DSCCI is frequently up-regulated in
CRCs through the transactivation by the E2F family of
transcription factors. Although DSCCI is located at chromosomal
region 8q, which is one of the most frequently amplified
chromosomal regions in colorectal wumors [23], copy number
gain or amplification was not involved in DSCCI up-regulation.
Instead, we showed here that the flanking region of DSCC/
transcript’ion start site containing three E2IF regulatory sites (EBS1,
2, and 3) plays a role in the transcriptional activation. A previous
genome-wide ChlP-chip analysis_ reported that 20,000-50,000
E2F]-biding -sites - are - distributed “over: the human genome, of
which ~51% ~overlapped tramcription start - sites [24]. The
localization of EBS1,-2, and 3 is compatible with their findings.
Among the three sifes, EBS1 and EBS3 contain identical sequence
with the core E2F1-binding motif (C/GC/GCGC), but EBS2
contains a 1-bp mismatch to the motif. Comparison of human and
mouse DSCCI 5'-flanking sequences determined that EBSI,
located at the —3 to +5 bp region, was well-conserved hetween
the two species’ (Iigure S4A). Consistent with "these data, the
mutation in EBS1 most remarkably reduced the E2F1-induced
promoter activity among the three. Regarding other regulatory
clements, we identified a region between —40 and —20 that was
associated with basal promoter activity of DSCCT (Figure S4B). A
search of transcription factor-binding elements'in this region found
a GC box encompassing a putative LLK1-binding site, but our
reporter assay did not show significant change of the promoter
activity by ELK (data not shown); suggesting that ELK1 may not
be involved in’ the regulation of DSCC1,

Eight members of “the ‘mammalian E2F family have been
recognized and “characterized. Among these members, E2F1,
E2F2, and ' E2F3 are categorized as transcriptional activators, and
E2F4, E2F5, E2F6, E2F7, and E2F8 are categorized as repressors
[25,26]. In our promoter assay, E2I"1, E2I"2, E2F3, and 1254
induced DSCC/ promoter activity; but E2F6 did not, showing an
inconsistent” result with “E2I4 in the  transcription. - Molecular
studies have uncovered that E2Fs target genes are regulated not
only by their binding to" DNA element(s) but also by their
interacting proteins such-as Rb, pl07, p130, polycomb group
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