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Comparative Analysis of Vascular Endothelial Growth Factor-A, C, D
Expression in Colorectal Cancer with Liver Metastasis

Kwang-Sik Chun, M.D., Kyung-Ha Lee, M.D., In-Sang Song, M.D., Ph.D., Ji-Yeon Kim, M.D., Ph.D.,
Je-Ryong Kim, M.D., Ph.D., Moon-Sang Ahn, M.D., Sang-Il Lee, M.D., Ph.D., Jong-Hyun Park, M.D.,
Song-E Choi, M.D.", Dae-Young Kang, M.D., Ph.D.", Kyu-Sang Song, M.D., Ph.D."

Departments of Surgery and 'Pathology, Research Institute for Medical Sciences,
College of Medicine, Chungnam National University, Daejeon, Korea

Purpose: We aimed to investigate the correlations between expressions of angiogenic cytokines VEGF-A, C, D
of primary colorectal cancer and liver metastasis.

Methods: We examined paraffin-embedded primary colorectal cancer tissue from 45 patients who had liver
resection due to colorectal liver metastasis (metastasis group) and 37 patients who had surgical resection due to
colorectal cancer only (control group). In the control group, local recurrence and distant metastasis had not
occurred. Immunohistochemical staining for VEGF-A, C and D was performed. We analysed the correlations
between expression of VEGF-A, C and D in primary colorectal cancer tissues and clinicopathologic parameters.
Results: VEGF-A expressions of primary colorectal carcinoma were not different between the two groups. VEGF-C
was more frequently expressed in the metastasis group (P=0.008) but VEGF-D was more expressed in the control
group (P=0.003). Patients with VEGF-C negative and VEGF-D positive expression were predominant in the control
group (P=0.020). Tumor location, T stage, lymph node metastasis and tumor differentiation were not related with
the expressions of VEGF-A, C, D but only preoperative CEA was positively correlated with VEGF-A and C
expression.

Conclusion: Expressions of VEGF-C in primary tumor were more frequent in metastatic colorectal cancer and
expressions of VEGF-D were more frequent in nonmetastatic colorectal cancer. More large-scale prospective studies
for VEGF-C and D expression in colorectal cancer are necessary. (J Korean Surg Soc 2009;76:307-315)
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+ @3 et AlZell 435 VEGF-R1% VEGF-R29} 72
shol et AlES] SASE 7P, W 2A 2ol
7% VEGF-C, DX VEGF-R2%} A4 Al =3 £ 9=
v|¢} gl o] A7 ool A nt W3 ¥ = VEGF-R3%t 2
stslo] &3 A (angiogenic property)® ofuz}t HZ 3 Al
Al (lymphangiogenic action)& ZZ1gkc} (9-12) % oAl
Al VEGF-A, C, D7} #HI$h,(13) 14,14 AESR 1S 5 18
S5 47, AAske] wbas) Aolell QakAlo] ek 41
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Zkeke] B S FA stk sk
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1999 19 58] 200611 8A7HA Figrag <lellA 2
A, AzeEe] 7k Aol 2 7+ AAleE Al w2 557 9] gkt
9 5L 717 A, AAQto 7 XA AAleS W 3kt
T 240 ol & AT 944 Hol7t AEA] b 37
3o S ez & AFE AldEsirh Y 3kt
A, AR A 2242 Sl el B
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H 310}

tiated adenocarcinoma), #|-Z3}

(Poorly differentiated adeno-
carcinoma)- & Uitk Gt w49 T, N¥ 7]+ AJCC/

o
=
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A7y, A Aol A A2 ik WA sk £55
VEGF-A, VEGF-C, VEGF-D&Z <3Ms}ich A= anti-
VEGF-A rabbit polyclonal antibody (Santa Cruz biotechnology,
USA), anti-VEGF-C rabbit polyclonal antibody (Zymed, Carlbad,
CA, USA), anti-VEGF-D mouse monoclonal antibody (R&D
Systems, Minneapolis, MN, USA)E Z+7+ AL-g-319ic). 47+
9] A5 1:400, 1:50, 1: 10002 3]Aslo] ALl
=% A2 Mayer’s Hematoxylin® 2 3}

wod 27 e} o alo] 3L 200W Sl 4] WAsto] Lt
o|=of E3E AA oF 27 F 5 W vEI} FE
= aeelgich WA S 164 4R A&k 1 ¢
Ao AEAe) fAo] FA g2 7, 2 FAIE] AE
Aoll 33% ol3k2 A" 7%, 3: Al ES] A EA ol 66%
A A Z3F, 40 FAEL] A EA 67% ol A=
5 A5 S 1014 374A] A Eegict 1 A2
AEAel FAE A 2 A, 20 Al A" B, 3
Al AAE A 24 de B2 WA SHI A
79 $H(VEGF score) 2 & 280 A 7A7A AlG3lst
43 ol & FAeolzt Bk
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CEA, £%F2] 914, 7], 34 24 Ashg T3 977
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B4(SPSS12.0K for window)S ©]83}c}.

Z i)

M

1) gxt 9%

g7re] Ht ol & Holi 57.84 HZT-L 61342
HolFol| Al Ydgto}t FAA R Aol g1 3L (P=0.133),
Y AHIE tlzto] 127, AolTo] 147= Aol FellA
A vlgo] v R SAH Kol & Ho|A] gkok
(P=0.069). 2T 2471 o] F@d5~87/19) FHAE F
Q1 BAfola, Aol AA AES T4k 5Ll
oH(P=0.000).

Ak FkY A= HoldollA] AR ol fX|3F H-57}
533% % WZTEoH45.9%) kol A AolE H
o] A ¢koket. T stage®] H-E= T3 o] ] Wit za
75.7%, Aol 933% % HolF-ollA] X1 W7 2at
7F wgko ARG Aol & HolA| ¢kokeh(P=0.072).
ZA Hol= N1 o| o] Ao|F 772%F NET 34.3%0l H]
6}04 A2 EWekehP=0.000). Y FF> F T2 o
e Kol HAHQ Aol

o] 21161-14 og FELO

Table 1. Patients characteristics

Control  Metastasis

P-value
group group
Location of primary cancer 0.506
Rectum 17 24
Colon 20 21
T stage 0.072
Tl 2 0
T2 7 3
T3 28 40
T4 0 2
N stage 0.000
NO 23 10
=N1 12 34
Differentiation 0410
Well 1 0
Moderate 35 42
Poor 0 2
Other 1 1
CEA
Mean (ng/ml)* 7.09 332 0.029
<5 ng/ml 24 23 0.132
=5 ng/ml 12 22

*analyzed by student t-test.

& Ho|x ¢orh & A N A A CEAE Aol
7 332 ng/mlE 7.09 ng/mle] 2ol vlaljA] EAH o
2 =9ko1}(P=0.029), 5 ng/ml o] o2 Z7}3k kAo v
o Ao|T# =1 Aol zto] 7t §19lck(P=0.177) (Ta-
ble 1).

7F Aol7} 9
167 llA] o] A4 Ao
(133%)°1 R 2}, -3 7k 5 5olnt k5 3+ 39
3(86.7%)°1 A}, ©H
H(75.6%), 270<= 5
7k Kol 34} 459

#2 903300l
1% 31‘%8 9%)2 wlal et Al

s TS SAAAE, LIS U A7 AL
T oot AAEE, 29 a%) S e AAE vl
A ARAES A Wtk BA F 268 (57.8%)0A

2
I—A }0:1;].
Qolojl m2 VEGF A, C, DO gt

(1) VEGF-A: VEGF-A®] W22 3}3t od 42 A A ol
712l 64.6%04 Aoz YElsk o VEGF scorev ¥
T+ 4.103(EFHX 1.719)°] 2l VEGF scorer A o]l
A 420807 T 397- Y E9kon) EAFoR
Apol 5 HolA| okokar, ok AAE W A= =T
62.2%, Hold 66.7%% F 12 Aol7} $1%thP=0.817)
(Table 2). Yut ZFoko] 9%, TNM W 7] 23 T ¥7], N
Hg 7] o]] u;}t VEGF—AJ uq ol }_a _Q}’sl— o xﬂ4 ]:A(—)] F—'% ;q,
o7} glolek. s+ A % CEA7} 5 ng/ml m]uHQ] el A]
VEGF-AQ] %A &2 542%% 21 5 ng/ml o]l FollA+
794%% FAHoE =2 FAHES HIOoW(P=0.018)

Table 2. VEGF-A, C, D expression of primary colorectal cancer

Control Metastasis

P-value
group group
VEGF A
Positive expression (%)* 62.2 66.7 0.671
VEGF score’ (SDT) 3.97 (1.69) 420 (1.75)  0.555
VEGF C
Positive expression* 37.8 66.7 0.008
VEGF score’ (SD)  3.19 (1.63) 4.09 (1.73) 0018
VEGF D
Positive expression* 70.3 37.8 0.003
VEGF score ' (SD) 3.86 (1.41) 2.98 (1.38) 0.006

*analyzed by Chi-square test; Tanalyzed by student t-test; Tsp =

standard deviation.
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VEGF score= 3.629} 4.762.2 4% % CEA”} 5 ng/ml ©]
olA® Fhatell A Fkeh(P=0.003). Ao]FellA 7+ Ho| o
o] AMF7E IR 8Akek 270 o]l 3kAF2] VEGF-AS] <
AES 2N o4 BAbellA F o E=A Uebg ot SAIA
Ql Xpo] & HolA| gkekeh(P=0.220) (Table 3). Hol-2] Ft
A& VEGF-AQ] W 3}3} i o] ofAlQl o] 42704 (A
3 7~ E SA FEoNY, MY 5~87ME)E e}
ZAAE AA AES] FAAQ Aol = gldch(P=0.098) (Fig.
1).

(2) VEGF-C: VEGF-C9| o223}t o A2 HA| 4
$12}9] 53.7%0l A ¥ o & ElyE o VEGF scorex &
3,68 (EFHA 1.735)019 ). VEGF scoret:= & o] 7ol 4]
409807 279 3.19% B} =4 Vel (P=0.018), %
A AAE re SAl= 2T 37.8%, HolT 66.7%F #o]
T-oll A EEQETH(P=0.008) (Table 2). UHF Foko] 2]%|, TNM
H70el 3t T ¥ 7], N ¥ 7)ol wk-& VEGF-CS] " =73}

0.6

0.4

Cumulative survival rate

0.2+

0.0 1

P=0.098

—— VEGF-A negative
I ---- VEGF-A positive

20

40
Overall survival (months)

100

Fig. 1. Overall survival of metastatic group according to expression
of immunohistochemical staining of VEGF-A.

Table 3. Correlation between clinicopathologic parameter and expression of VEGF-A

VEGF-A* VEGF score '
P-value + P-value
Negative (%) Positive (%) (SD")
Overall 354 64.6
Location of primary cancer 0.817 0.702
Rectum 36.6 63.4 4.02 (1.68)
Colon 34.1 65.9 4.17 (1.77)
T stage 0.505 0.863
T1 0 100 5.0 (1.41)
T2 40.0 60.0 4.20 (2.04)
T3 36.8 63.2 4.04 (1.71)
T4 0 100 4.05 (0.71)
N stage 0.675 0.366
NO 39.4 60.6 3.85 (1.70)
>N1 34.8 65.2 4.22 (1.76)
Differentiation 0.151 0.191
Well 0 100 5.0
Moderate 35.1 64.9 4.10 (1.71)
Poor 100 0 0
Other 0 100 5.0 (1.41)
CEA 0.018
<5 ng/ml 45.8 54.2 3.62 (1.63) 0.003
=35 ng/ml 20.7 79.4 4.76 (1.63)
Chronology 0.746
Synchronous 31.0 69.0 4.17 (1.67) 0.889
Metachronous 37.5 62.5 4.25 (1.94)
Metastatic liver nodule 0.220
Single 38.2 61.8 3.97 (1.76) 0.124
=2 18.2 81.8 491 (1.57)

*analyzed by Chi-square test; Tanalyzed by student t-test;

TSD = Standard deviation.
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Al JebEA EAIAQ Xl SAAThP=0.481). % A
&% CEA7} 5 ng/ml v|7kel FollA VEGFE-CO| %A &2
39.6% 121} 5 ng/ml o] A2l FollA = 735%% FAIFoZ
o okMES Hlow(P=0.002), VEGF score’= 3.199}
43828 G 4 CEA7} 5 ng/ml o]ge| R 3hatellA] =9k
thP=0.002). HolTellA] 7+ Aeo] kel M7t 109 kAot
270 o)<l 3HA42] VEGF-CO| A& 270 o33l &Atell
A & o] = vebhgeu BAIRQ Kol & HelA] ¢kok
(P=0.319) (Table 4). A o]F2] Fo} HEL VEGF-CY W]
s}et oJ o] S-4J9l Fro] s8AHL(HS] 9~87 D) E Al
TGN, 9 5~79/0) ek AR AA AL S
ol Zpol= 191 th(P=0.876) (Fig. 2).

(3) VEGF-D: VEGF-D2] W] =% 3}sl o & A A that
3121 9] 52.4%0l 4 kAo & el o VEGF scorer ¥
T 338%(EFH A 1.46)0] %tk VEGF scorex= A o]-ol| 4]
208" o7 thzFe 3868t YAl LreEFEIL(P=0.006),

ol 22 3}et ol Ao] okd WAL =T 703%, MolT
37.8% 2 tzTollA BrhP=0.003) (Table 2). Y+ ok

1.0
—— VEGF-C negative
Th, ---- VEGF-C positive
% 08- L P=0.876
g
S 0.6
a 1
2 044 !
= Lk —— -
2 y
(:J 0.2 l"-
!
0.0 :

Overall survival (months)

Fig. 2. Overall survival of metastatic group according to expression
of immunohistochemical staining of VEGF-C.

Table 4. Correlation between clinicopathologic parameter and expression of VEGF-C

VEGE-C* VEGF score '
P-value + P-value
Negative (%) Positive (%) mean (SD ")
Overall 46.3 53.7
Location of primary cancer 0.658 0.254
Rectum 48.8 51.2 3.46 (1.58)
Colon 439 56.1 3.90 (1.86)
T stage 0.614 0.759
Tl 50.0 50.0 3.50 (2.12)
T2 50.0 50.0 3.70 (1.95)
T3 471 529 3.65 (1.72)
T4 0 100 5.00 (1.41)
N stage 0.835 0.669
NO 45.5 54.5 3.76 (1.77)
=N1 47.7 522 3.59 (1.72)
Differentiation 0.360 0.481
Well 0 100 5.00
Moderate 455 54.5 3.71 (1.74)
Poor 50.0 50.0 3.51 (2.12)
Other 100 0 0 O
CEA 0.002 0.002
<5 ng/ml 60.4 39.6 3.19 (1.62)
=35 ng/ml 26.5 73.5 4.38 (1.66)
Chronology 0.331 0.801
Synchronous 27.6 72.4 4.14 (1.59)
Metachronous 43.8 56.3 4.00 (2.0)
Metastatic liver nodule 0.624 0.319
Single 353 64.7 3.94 (1.66)
>2 273 727 4.55 (1.91)

*analyzed by Chi-square test;

Tanalyzed by student t-test; 'sp =

Standard deviation.
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o 91, TNM W7]oll €13 T 7], N ¥7]ell W2 VEGED A4 e A B2 F 14837.1%)01 o] F 1382
o Moz 8ket od el kA ES Ho|7} ST} TRt ZF Kol glo] 2470 o] AE3F vizTell &3 sk
Alze] F3tzol wE FAES FAHL Hol7t gl
(P=0.054). % A % CEA §xol w2 VEGF-D2] %A

N

£ 5 ng/ml 1L o]l Foll A A7t 500, 55.9% % — ngE:B gce)g:xvee
o]7} 818 th(P=0.529). Mool 7+ Ho] ko] M7} 170 £ 081 P=0.768
ol gkzko} 270 o]4+el 2hake] VEGE-DE| A4 &2 270 o P
A Al A F v A YEbgou SAH Kol & H T
o|7 ¢ETh(P=0295) (Table 5). FolLe] Tk BES 2 04-
VEGE-DS] Hejs}st qjalo] byl Fol sNLCHS 7~ 2
782 SAel F@oNY, Ml s~s7ldyEe A 3 027
AR Az EAHQ Aole AATHP=0.768) Fig. 3). 00-
(4) VEGF-C, VEGF-D gt819| H|: VEGF-C W% =% 3} 0 20 40 60 80 100
o Mo| okAlo| 31 VEGE-D W %% 3}t o e SA]o] 3} Overall survival (months)
A= AA 22 829 F 1594 (18.3%)°] ) o] £ 149 7t Fig. 3. Overall survival of metastatic group according to expression
A ol7} 9= kA9l VEGE-C7F &4 0|31 VEGF-D7} ¢ of immunohistochemical staining of VEGF-D.

Table 5. Correlation between clinicopathologic parameter and expression of VEGF-D

VEGF-D* VEGF score '
P-value + P-value
Negative (%) Positive (%) mean (SD ")
Overall 354 64.6
Location of primary cancer 0.507 0.708
Rectum 439 56.1 3.44 (141
Colon 512 48.8 3.32 (1.5D)
T stage 0.600 0.437
Tl 0 100 50 (141
T2 50.0 50.0 3.50 (1.71)
T3 48.5 515 3.32 (1.42)
T4 47.6 52.4 3.00 (1.41)
N stage 0.392 0.368
NO 424 57.6 3.52 (1.50)
=N1 522 47.8 3.22 (1.39)
Differentiation 0.177 0.054
Well 0 100 6.00
Moderate 48.1 51.9 3.34 (1.43)
Poor 100 0 0 (0
Other 0 100 5.00 (0)
CEA 0.599 0.528
<5 ng/ml 50.0 50.0 3.29 (1.44)
=35 ng/ml 44.1 55.9 3.50 (1.50)
Chronology 0.541 0.938
Synchronous 58.6 41.4 297 (1.23)
Metachronous 68.8 31.3 3.00 (1.67)
Metastatic liver nodule 0.546 0.295
Single 64.7 353 2.85 (1.28)
>2 54.5 45.5 3.36 (1.69)

*analyzed by Chi-square test; Tanalyzed by student t-test; TSD = Standard deviation.
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Table 6. Correlation between liver metastasis of colorectal carcino-
ma and expression of VEGF-C and D

Control ~ Metastasis ~ P-value
VEGF-C VEGF-D
Negative Negative 10 14 0.02
Positive 13 1
Positive Negative 1 14 0.01
Positive 13 16

(Table 6). VEGF-D$} VEGF-C2] VEGF score H|(ratio)2]
S1E 0290014 3.00]9 3 =Tl HF 1.38 (EFAA
0.62)2 Ao|d 0.82 (EFHA 038)Ett =4 el
(Table 6).
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D%} VEGF-C2] VEGF score Bl (ratio)2] %+ 0.290114 3.0
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