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Validation of Gene Expression Changes of Osteopontin and
MMP-1 in Primary and Metastatic Colorectal Carcinomas

Junjeong Choi' - Sangkyum Kim' - Jeon Han Park?* - Nam Kyu Kim** - Hoguen Kim'“

Departments of 'Pathology, 2Microbiology, and *Surgery, Yonsei University College of Medicine;
‘Brain Korea 21 Project for Medical Sciences, Seoul, Korea

Background : Metastasis is one of the most important characteristics of cancer in terms of
its impact on patient survival. Unfortunately, identification of altered genes during tumor metas-
tasis is limited. Methods : Using high-throughput microarrays containing 19K spotted human
oligonucleotides, gene expression of primary and matched metastatic colon cancer were com-
pared in previous study. Although DNA microarray analysis did not demonstrate complete
classification of primary and metastatic carcinoma, 80 differentially expressed genes were
identified. Among these, expression of osteopontin, matrix metalloproteinase-1 (MMP-1) and
serpin A1 was assessed using immunohistochemistry in a validation set containing 43 pairs
from tissue microarrays. Results : The expression of osteopontin was significantly higher in
metastatic carcinoma than in primary carcinoma, as indicated by mRNA expression. The
expression of MMP-1 was significantly lower in metastatic carcinoma. Expression of serpin
A1 was not correlated with the microarray results. Conclusions : Osteopontin and MMP-1
expression successfully classified primary and metastatic colorectal carcinomas and further
studies on their clinical application is encouraged.

Key Words : Neoplasm metastasis; Colorectal neoplasms; Immunohistochemistry; Osteopon-
tin; Matrix metalloproteinase 1
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Table 1. Clinicopathologic profiles of 43 colon cancer patients

. . - Tumor size

CaselD Sex 198 Site Differentiation (maximal dimension in cm ) ?r?tleaf,? Typeof — Node

(yr) metstasisis metastasis

Primary Metastatic ~ Primary Metastatic Primary Metastatic ~ (Mo)

Met-1 F 56 Rectum Lung Moderate Moderate 48 4 21 Metachronous ~ 0/18
Met-2 M 60  Rectosigmoid  Liver Moderate Moderate 34 6 14 Metachronous  8/14
Met-3 F 67 Rectum Liver Moderate Moderate 6.1 55 8 Metachronous ~ 8/19
Met-4 F 4 Rectum Liver Moderate Moderate 6.0 20 25 Metachronous ~ 5/32
Met-5 F 68 Sigmoid Liver Moderate Moderate 4.0 55 43 Metachronous 0/6
Met-6 M 62 Sigmoid Liver Moderate Moderate 20 22 11 Metachronous ~ 1/12
Met-7 M 52 Sigmoid Lung Moderate Moderate 48 30 38 Metachronous 1/8
Met-8 M 70 Sigmoid Liver Moderate Moderate 38 1.2 26 Metachronous 3/6
Met-9 F 67 Ascending Liver Moderate Moderate 134 16 6 Metachronous ~ 6/43
Met-10 F 61 Sigmoid Liver Moderate ~ Moderate topoor 4.7 6.0 6 Metachronous 0/6
Met-11 M 55 Ascending Liver Well Moderate 53 8.0 15 Metachronous ~ 4/46
Met-12 F 44 Ascending Liver Moderate Poor Not available 45 8 Metachronous ~ 9/29
Met-13 M 61 Ascending Liver Well Moderate 1.7 2.0 24 Metachronous ~ 2/19
Met-14 F 57 Sigmoid Liver Moderate Moderate 5.0 22 16 Metachronous  6/28
Met-15 F &8 Sigmoid Lung Moderate Moderate 4.0 25 25 Metachronous ~ 2/12
Met-16 F 57 Ascending Lung Moderate Moderate 55 0.7 12 Metachronous ~ 2/21
Met-177 M 45 Sigmoid Liver Moderate Moderate 5.0 25 14 Metachronous ~ 6/19
Met-19 F 56 Rectum Liver Moderate Moderate 35 3.0 Synchronous 0/9
Met-20 M 60 Rectum Liver Moderate Moderate 4.0 18 Synchronous 0/8
Met-22 M 69 Rectum Liver Moderate Moderate 52 20 Synchronous 7/20
Met-23 M 51 Rectum Liver Moderate Moderate 6.5 15 Synchronous 0/21
Met-24 F 62 Rectum Liver Moderate Moderate 4.0 37 Synchronous 1/10
Met-25 M 70 Sigmoid Liver Moderate Moderate 33 4.0 Synchronous 2/11
Met-26 M 67 Rectum Liver Moderate Moderate 53 6.0 Synchronous  51/61
Met-27 M 72 Rectum Liver Moderate Moderate 45 3.0 Synchronous 0/6
Met-28 F 48 Ascending Liver Moderate Moderate 35 2.3 Synchronous 8/52
Met29 M 46 Rectum Liver Moderate Moderate 25 2.4 Synchronous 4/12
Met-31 M 62 Sigmoid Liver Moderate Moderate 40 13 Synchronous 1/31
Met-32 F 65 Rectum Liver Moderate Moderate 45 1.3 Synchronous 6/19
Met-33 F 60 Sigmoid Liver Moderate Moderate 5.0 16 Synchronous 0/32
Met-34 F 54 Sigmoid Liver Moderate Moderate 6.0 13 Synchronous 6/54
Met-35 F 60 Sigmoid Liver Moderate Moderate 55 25 Synchronous ~ 12/33
Met-36 Fo72 Sigmoid Liver Moderate Moderate 75 22 Synchronous 0/12
Met-37 M 53 Sigmoid Liver Moderate Moderate 6.0 15 Synchronous 2/35
Met-38 M 52 Sigmoid Liver Moderate Moderate 5.0 5.0 Synchronous 2/38
Met-39 F 40 Sigmoid Liver Moderate Moderate 54 3.0 Synchronous 1/22
Met-40 M 61 Rectum Liver Moderate Moderate 53 16 Synchronous 0/20
Met-41 M 53 Cecum Liver Moderate Moderate 4.2 15 Synchronous 6/17
Met-42 M 69 Ascending Liver Well Well 6.0 0.7 Synchronous 2/41
Met-43 F 48 Rectum Liver Moderate Moderate 43 3.0 Synchronous 9/33
Met-44 M 57 Ascending Liver Moderate Moderate 8.4 1.7 Synchronous 0/20
Met-45 F 60 Sigmoid Liver Moderate Moderate 7.0 7.5 Synchronous 4/32
Met-46 M 67 Rectum Liver Moderate Moderate 35 45 Synchronous 3/19
F, female; M, male.
o] 4 E= AEE mildE #S w, mild, moderate, strong db Z2okal o] 29k9] osteopontin, MMP-1, serpin A194 Cly
expressions ZHZ} 14, 2+, 3+ I3 SAL 002 FE=3519) 3 9o] x}o]E Wilcoxon signed rank testE Ed 7AA3L
), RZANNAE 229 oy AAINOE, F BE 4 cleopontindh MVP-19) B2 T2 92 B35 927 o)
o HAgE E FO 2 ARSI 9}¢] #AE Fisher's exact testE o|-&, wx} EA519ch Ut

£ AA| & AgE Mol 9 BalEol| A osteopontin®] B
SHEH 24 S7PF de A 27 e SRl A Al )74 Al
7+e] H| W= Wilcoxon signed rank test& o]-83fe] Z3A38}9ith

SPSS ver. 12 (SPSS Inc., Chicago, IL, USA)< o4&, ¢ Osteopontin®] W&z AEEHC] #4915 flsir= Kaplan-Meier
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Fig. 1. Osteopontin expression in primary and metastatic col-
orectal carcinomas. (A) Osteopontin expression is increased in
metastatic carcinoma (p = 0.001). (B) An example of immuno-
histochemical staining of osteopontin expression in matched pri-
mary and metastatic carcinomas. More intense expression is
noted in metastatic carcinoma cells.

Fig. 2. Matrix metalloproteinase-1 (MMP-1) expression in primary
and metastatic colorectal carcinomas. (A) MMP-1 expression is
decreased in metastatic carcinoma (p = 0.007). (B) An example
of immunohistochemical staining of MMP-1 expression in
matched primary and metastatic carcinomas. More intense
expression is noted in primary carcinoma cells.



Gene Expression Changes in Metastatic Carcinoma

229

Table 2. Lymphovascular permeation and nodal metastasis with regards to osteopontin and matrix metalloproteinase-1 (MMP-1) expression

Osteopontin expression

MMP-1 expression

Increased  Not increased Total p-value Decreased Notdecreased Total p-value
Lymphovascular permeation ~ Present 12 5 17 0.523 16 10 26 0.859
Absent 15 1 26 10 7 17
Lymph node metastasis Present 20 11 31 0.737 8 18 26 0.48
Absent 7 5 12 3 14 17
4 N _ _
— P — o o] F7kt Fdol £ FelE 20995 18A 4>
Aol &3 Tl 11z =8 o7t 3= Fd F osteo-
3 . . pontin®] Weo] F7HF Fdle] 7F B wkth 1y o
= . . , =
'S . . Atol= Fisher'sexact A< APetsls W FAHCE frolst
2, . . A= 93ItHp=0737) (Table 2),
% " ‘ ¥ metachronous o] £ 3ka}ol| A osteopontin e o]
& . . Z7HE 2o gde] s S wsbh gl SazelA Aol
[ I— e . . o T interval®] Zpol7t J=AE EASIGTE & 1897t
metachronous A0] £4& Uepiom, AX Ha 1871¥€ 5
0 ‘ ‘ ‘ TH) AR Ho] Fgo] Ut ©]F T osteopontin
Normal Primary Metastatic o o) 277t 9 & HF 209702 & AE] Hogto] HhAY

Fig. 3. Serpin A1 exression in primary and metastatic colorectal
carcinomas. (A) There is no difference in Serpin A1 expression
between the two groups (p = 0.739). (B) An example of immuno-
histochemical staining of Serpin A1 in matched primary and
metastatic carcinomas. Only a small numbers of cases (n = 8)
show more intesnse serpin A1 expression in metastatic carcino-
ma cells as expected from the microarray data.

Osteopontin®| Zrednt 2t A 3 BEZE M0[2f2| ZtA

Osteopontin®] Wdo] Ao|do| A 2718 Ao 2 Velyt=d),
o|Zo] Fu]A ghmel M-S 7, osteopontin®] o] 23
sH4 A AEA AR E AEHE}7] Y8l osteopontin®] W
o] T7ket 3 1A ¥ & U] o5 A FUdA
9,] ﬁﬂ:’,]— 5(]}\ le YxH %

A A3 g3 AFol e S
osteopontin®] w&lo] Z7}sl 3o
2z ok Rto| £3F Zd+= 592, osteopontin LE o] =7}
g fde] o B 3 AES BEoih Jey olgd Aol

e Al AE o SAACE oA Bk
Hp=0523) (Table 2).
A2 Aoprt A& THE F 31d A=,

=

Fisher'sexact A&

o] 2 osteopontin

SFH.0H, osteopontin W] F7F YERUA] @2 FJE2
7 163709 & AL Aojdo] WA Z0F YEOL,
ek 7k Apolof tigh WAk A AlatlS o ol2lgh Afo
= BAAHSE oA 2odth(p=0.383).

MMP-12| Er5in} g2t A BIZHE Mol2fe] A

Pt
o>
o

MMP-19] #go] Quk FYRTE o] FYPolA] 1 22 A
OF UehHoHE o3t ol  JF % H=H
offo} Aol JeAE BASHLE B Agol Jd FH
2691 A= ol MMP-19] Wdo] uk FguTt Ho| F
ko ] 7Hadh o= 1662, MMP-1¢] Wdo)
oRTh goktt Iy ojgdt Ade FAXCE
UtHp=0.859) (Table 2).

Fot gy Aot ™ Sl F 264, ©] T MMP-
19] o] Yk FYETF Mol FdolA THag d& 8d =,
MMP-19] #&o] 744314 ¢ o Hoh Aty Iy o]
o Ade FAZCE folakA] &tHp=0480) (Table 2).
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Osteopontin & MMP-12| &l B3], 2lgt Zoko| &t A&
of BloX™ MO| JE2[1 MESae| 2HA

Osteopontin®] &d =77} 9= Aok 2771 gl A 7+
AZg9] zpol7t Y7t HE Kaplan Meier method 9} log-
rank AR T WHZ B34 tE F4 717+ = osteopontin®]
Wa 271} Y ARG ATEO] RS FTE UAT, o)
SAXHCE FroJstA] BAdTHp=0980) (Fig. 4A).
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Fig. 4. Survival analysis of 43 patients according to osteopontin, matrix metalloproteinase-1 (MMP-1) expression, lymph node metastasis
status, and lymphovascular permeation. No significant differences in survival are noted in association with different levels of expression
of osteopontin and MMP-1 in metastatic carcinoma cells (p = 0.980 and p = 0.079). In addition, the presence of lymph node metastasis
and lymphovascular permeation is not associated with a significant difference in survival (p = 0.459 and p = 0.301).

OPN, osteopontin; LVP, lymphovascular permeation.
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AZ R frolatA ktHp=0079) (Fig. 4B).
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2 EEglod, o] B3 SAHCE frofehA] $tthp=0.301)
(Fig. 4D).
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