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COL18A1 as the Candidate Gene for the Prognostic Marker of Breast Cancer
According to the Analysis of the DNA Copy Number Variation by Array CGH
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Jeong-Ah Kim?, Wonshik Han*, Dong-Young Noh?*

Departments of Surgery and "Pathology, Seoul National University Boramae Hospital, Seoul; 2Cancer Research Institute and *Department
of Surgery, College of Medicine, Seoul National University, Seoul, Korea

Purpose: We tried to select and validate the candidate gene Eleven (10 in the gain group and 1 in the loss group) clones
for the prognostic marker of breast cancer by comparing the were finally selected as candidate clones. The significant
analysis of copy number variation (CNV) between normal CNVs with gain were found in the regions of 1923.1, 1941,

breast tissues and breast cancer tissues by performing array 1944, 5p15.33, 8921.3, 15026.3, 17912 and 21g22.3 and the
comparative genomic hybridization (CGH). Methods: Array significant CNV with loss was found in 14932.33. COL18A1

CGH was performed with using the fresh frozen tissues of (21g22.3) was selected as the final candidate gene and the
77 breast cancer patients. We selected the clones with more RT-PCR results revealed that the expression of COL18A1 was
than a 20% frequency of gain or loss, and the clones with up-regulated in the cancer tissues of 18 of the other 20 (90%)
gain or loss in more than 2 consecutive clones. We finally breast cancer patients. Conclusion: We selected COL18A1
selected the clones that were statistically significant on the (21922.3) as the candidate gene for the prognostic marker
survival analysis. We searched for the candidate gene that of breast cancer by comparing the analysis of CNVs from
belonged to the candidate clones and we selected the final the array CGH. The RNA of COL18A1 was over-expressed
candidate gene that is assumed to be most related to the in breast cancer tissue, as determined by RT-PCR.
carcinogenesis of breast cancer by searching for information

of the individual gene. We performed RT-PCR to validate the Key Words: Breast neoplasms, Collagen type XVIli, Gene amplification, Microarray
RNA expression of the final candidate gene with using the analysis

breast tissues of another 20 breast cancer patients. Results: ZATof: R AME, Sl type XV, R SE, DM 24
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= Mgt 2 25 ule] o gYsilck. Hke-
Tl 94°C oA AR 3 94°C oflA] 30%, 55°C °llA] 30,
72°C oA 18 5t sk 39A1Y] vk IS Alashalal,
o] 2710l|A] 7| k= 273, 18]al COL18ALS 35319 ¥k
S IS AFcE RPLPO (NM_053275)% 7|5 742 AMg-
stRe™, Zt primer£2] 971 A9 th23} At} Sense for
COL18A1 (NM_130445.2), 5 ~ACTTCCCCAGCCTCTTCTTC—
3'; antisense for COL18A1, 5 —~CCTGCACCTGGTTCTG—
TGTA-3'; sense for RPLPO, 5 -GGAATGTGGGCTTTG—
TGTTC-3'; antisense for RPLPO, 5 ~TGCCCCTGGAGA—
TTTTAGTG-3'.
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Table 1. Clinicopathological characteristics of the patients

Characteristics Number %
T stage

T 11 14.3

T2 55 71.4

T3 8 104

T4 3 39
N stage

NO 24 31.2

N1 18 234

N2 10 130

N3 25 325
Stage

I 5 6.5

A 21 27.3

1B 14 18.2

A 11 14.3

B 1 1.3

e 25 325
Histological grade

1,2 32 41.6

3 42 54.5
Nuclear grade

1,2 37 48.1

3 38 49.4
Hormone receptor

Positive 48 62.3

Negative 29 37.7
HER2

Positive 43 55.8

Negative 34 442
Operation

™ 68 88.3

BCS 9 117
Radiation therapy

Yes 42 54.5

No 35 455
Chemotherapy

Yes 69 89.6

No 8 104
Hormonal therapy

Yes 43 55.8

No 34 44.2

TM=total mastectomy; BCS=breast conserving surgery.
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(Table 2).

GainwollAE AR 1g23.1, 1g41, 1q44, 5pl15.33, 8q-
21.3, 15926.3, 17q12 % 21q22.3 F-912] Zao] Z7E] o] 1
o lossuollA= 14932.33 F-919] Wao] fHaElo] Q=
golqiek, AA| 77789 A} FollA] 50% (39%) oVdellA gain
1= loss”7F HRE]R= cloneol] T8l 2478 Ax, 1p36.33, 8323.3,
8q24.3, 8q24.12, 8q24.13, 8q24.21 @ 20q13.33°4] 50% ©]
A9 gaino] WAEAL, 8p23.1, 10q11.22 L 14q32.3309]1A
50% ©1/de] loss7F HE=| S THTable 3).

SH RTXIL| MH

A7] A4 ARE gaintoll A 1071] 22 9 losswollAl
171¢] ZEo] thall NCBI Map Viewer (Build 36.3)2 |83}

FARE Ao, g fdAke] il thA] PubMed
AAE Bl Akl A /RS ERIE HFH SR gain
ol 778 9 losswoll A RS 27T A= IeH Table 4).
FHZ A 8] A FollAl 1g21-22¢] YRI5k 9
NTRK1 9 21q22. 3] ¥|X[sl= COL18A10] tfest F7-2
P dake] Ado] BarE]o] glglon, 3] COLISALE
ko] Aol sl e B ard Hizt Qlgict, o At
AE vgko 2 252 02 COLISALY tisl] A28 A5

koqle

(0]
17

3

;

%

Table 2. Statistically significant candidate clone list in gain and loss group

Clone Frequency

Gainfloss o ) SRFS 0S Cytoband Start (kb) End (kb) Size (kb)

Gain 2168 455 NS 0019 1923.1 155063058 155208815 145757
4555 27.3 NS 0.021 1941 201038499 221109556 71057
c5615 44.2 NS 0012 1044 246778289 246914669 136380
5262 40.3 0014 NS 5p15.33 473194 562560 89366
¢301 36.4 NS 0.048 8921.3 91034606 91125957 91351
2776 338 0.027 NS 15026.3 100054894 100129431 74537
2096 26.0 0010 NS 17q12 34946411 35061427 115016
0664 24.7 0.007 NS 17912 34989583 35061419 71836
2806 221 0.008 NS 21g22.3 45569815 45705137 135322
o754 29.9 0036 0.044 21g22.3 45502803 45703201 110398

Loss 710 50.6 0.041 0.009 14032.33 105821330 105907464 86134

SRFS=systemic recurrence-free survival; OS=overall survival; kb=kilobase; NS=not significant.

Table 3. Common regions showing gain or loss in more than 50% of all 77 samples

Clone

Region No Cytoband Start (kb) End (kb) Number (%) Cancer related genes

Gain-1 c5784 1p36.33 552910 563807 75(97.4)

Gain-2 chb242 8024.3 145647141 145761879 46 (59.7) CYHRT1, KIFC2, FOXH1, PPP1R16A, GPT, MFSD3,
RECQL4, LRRC14, LRRC24, MGC70857, KIAA1688

Gain-3 c4824 80g24.13 126947484 127030285 42 (54.5)

Gain-4 c1394 8023.3 116937688 117027644 41(53.2)

Gain-5 c1437 8024.12 119396534 119465174 41(53.2) SAMD12

Gain-6 c1433 8g24.21 131335147 131416013 41(53.2) DDEF1, DDEF1IT1

Gain-7 c2733 20013.33 61387393 61535237 39 (50.6) ARFGAP1, COL20A1, CHRNA4, KCNQ2

Loss-1 c5256 8p23.1 7323700 7428919 57 (74.0) DEFB106B, DEFB105B, DEFB107B, LOC645489,
FAMOO0ABP, FAMO0A7, LOC729339, FAM90A22,
FAM90A23

Loss-2 c4589 8p23.1 7334384 7420885 56 (72.7) DEFB105B, DEFB107B, LOC645489, FAM90AGP,
FAMOO0A7, LOC729339, FAM90A22

Loss-3 c5126 8p23.1 7647665 7716751 55(71.4) FAM90A19, LOC729394, FAM90A9, FAM90A10,
DEFB107A

Loss-4 c5189 10g11.22 46320705 46408357 43(55.8 RHEBP1, SYT15

Loss-5 c710 14932.33 105821330 105907464 39(50.6) IGHVIII-25-1, IGHV2-26, IGHVIII-26-1, IGHVII-26-2,

IGHV7-27, IGHV4-28, IGHVII-28-1, IGHV3-29

kb=kilobase.
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Table 4. Candidate gene list from candidate clones in gain and loss group

Gain/loss Gene Clone No. Cytoband Description
Gain NTRK1 c2168 1921-g22 Neurotrophic tyrosine kinase, receptor, type 1
ARHGEF11 c2168 1921 Rho guanine nucleotide exchange factor (GEF) 11
AHRR c5262 5p15.3 Aryl-hydrocarbon receptor repressor
SLC9A3 c5262 5p15.3 Solute carrier family 9 (sodium/hydrogen exchanger), member 3
NBN c301 8g21 Nibrin
PPP1R1B c2096 17g12 Protein phosphatase 1, regulatory (inhibitor) subunit 1B (dopamine and
CcAMP regulated phosphoprotein, DARPP-32)
COL18A1 c2806 21922.3 Collagen, type XVIII, alpha 1
Loss IGHVIII-25-1 c710 14g32.33 Immunoglobulin heavy variable (I11)-25-1

Systemic recurrence-free survival

1.0
08
©
=
S 06
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o
=
kS
=] L
g 0.4
O —— 2806 gain (-)
Y €2806 gain (+)
p=0.008
00 Il Il Il Il Il J
0 20 40 60 80 100 120

Recurrece interval (months)

Figure 1. Survival curve of systemic recurrence-free survival analy-
sis for the clone which contains COL18A1 gene (c2806) by Ka-
plan-Meier test. The survival of the group with gain of ¢2806 clone
was better than that without gain of ¢2806 clone and the difference
of survival between two groups was statistically significant (p=
0.008) by log rank test.

e 22 W A4t 225 o-&sto] FESl1= sieick COL-
18A1Z 2806W9] Z&0] 3= o] = FEAlelH, o] ZE9
ot 1 AE B0 M = BAR SR FOR ARE Haloy
(p=0.008), HA| HE FAol= F-EJ5r 25 HolA] gict
(Figure 1).
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2o Al COL18A1S] WA 9| F717} W= glom, vz 2739
SR A= Zpol7F e (Figure 2), ol TAX = vl {7
oIk A5tk p<0.0001).
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#2_  #3 #4 #5 #6 #7 #8 #9 #10

CNCNCNCNCNCNCNCNCNCN

COL18A1

RPLPO
128 106 098 159 112 1.04 141 161 1.07 149 OD ratio
#11 #12 #13 #14 #15 #16 #17 #18 #19 #20

CNCNCNCNCNCNCNCNCNCN

COL18A1

RPLPO
165 119 072 142 142 139 133 1.13 235 1.22 OD ratio

Figure 2. Results of validation test by RT-PCR for the RNA expres-
sion of COL18A1. The RNA expression of COL18A1 was up-regu-
lated in breast cancer tissues compared to normal breast tissues
in 18 of 20 (90%) breast cancer patients. Difference of the RNA
expression was statistically significant (p<0.0001). RPLPO was
used as reference gene. OD ratio=(OD[COL18A1_Caner]/OD
[RPLPO_Cancer])/(OD[COL18A1_Normal]/OD[RPLPO_Normal].
OD=optical density.
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