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Effect of lonizing Radiation on Homotypic
Cell Adhesion, Cell-Matrix Adhesion, Matrix
Metalloproteinases Excretion of High Mucin
Producing HM7 Colon Cancer Cells

Hye-Gyong Kim, M.D., Tae-Dong Kim, Ph.D., Ge Li,
M.D., Wan-Hee Yoon, M.D.

Department of Surgery, College of Medicine, Chungnam National
University and Hospital, Daejeon, Korea

Purpose: To investigate the effect of ionizing radiation on
high mucin-producing colon cancer cells, we evaluated
homotypic cell adhesion, cell-matrix adhesion, and matrix
metalloproteinases (MMPs) on HM7 cells. Methods: After
an irradiation of 60 Gy for 48 hours on HM7 cells, we
evaluated cellular proliferation, colony-forming ability, homo-
typic adhesion, cell-matrix binding, and integrin subunit
expressions. Also, alterations of MMPs expression were an-
alyzed by using zymography. Results: Cell proliferation of
HM?7 colon cancer cells was not remarkably affected even
after high doses of radiation; however, clonogenic cell
growth was significantly affected. Homotypic cell-cell adhe-
sion and cell adhesion to ECM components and basement
membrane protein matrigel were significantly increased
after irradiation. Radiation induced expressions of cell sur-
face integrin 2, a3, and Bl subunits of HM7 cells. The
activities of secreted MMPs (MMP-9 and MMP-2) were
remarkably inhibited by radiation. Conclusions: These find-
ing suggest the biologic characteristics of high-mucin-pro-
ducing colorectal carcinomas. Even though the radiation-
associated cellular alterations of HM7 cells with or without
matrix proteins were not remarkably different from other
cancer cell types studied, the radio-resistant behavior of
high mucin producing HM7 cells may explain the aggressive
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characteristics of mucinous colorectal carcinomas. | Ko-
rean Soc Coloproctol 2006;22:153-161
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AE AF, xS 71 Gl A%, AE FH
o] integrin subunits®] ¥, matrix metalloproteinases
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B Age] AH8E HM7 A EF)F 2 E] o))
L AZRA 25, g BATE AB)E BE AA
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AoFA Fo| A wkE AN BuH] M EFS LS174TS

o
M EZ 3} replica plating, immuno-screening HH S
el gele Buse ATE A9 £U A
2 RAE HE] ok 2uje] HAS AYA, Hu]—s}%
o2 4HA 2™ nude micedl] T3} FAF Al FL

o N fo b o S o

HM7 M| 3EFE= 10% fetal bovine serum (FBS), peni-
cillin (100 U/ml), streptomycin (100ug/ml)< 3 7}3k
Dulbecco’s modified Eagle’s medium (DMEM)-S- Hjj &<}
02 5% CO,, 37°C 279 wjok7|o] A wjokatdch
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96 well plateol] ¥j%FE HM7 A E 10° cellsS 7} well
o H7}3k = "'Cs laboratory irradiator (model 143; J.
L. Shephered & Associates, San Fernando, CA)E ©] &3}
o 3 5 Gy &Ho 2 37 30 GyH 297F A}
3l & 60 Gy WAMIS A & Ao ARE-38H3
o}.

WA ol o gk HM7 A2 AEET F4 A
TS Potr7] {8 MTS 7S o] &3te] WA

o Mo

/MG 3UA, 5AA, 79A 490 nme| A 9] FFEES
A e

9o} HESE ZYSGom PAAL 24
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3) MTS £44

MTS &4HE dolsle AEXE AZFsste HHS
Z Promega’l(Madison, WI)<] CellTiter 96" Aqueous
AssayE ©]-83} 2™ ©]= novel tetrazolium compound
Ql MTS®} electron coupling reagent?] phenazine me-
thosulfate (PMS)Z Al-&-3l= A2 834 9] formazan
AHEE HE SdE AL 490 nm g 3| A
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4) Matrigel 22 &4

Colonogenic cell growths AR 7] $}af WALd
Al F-9] HM7 AIE2E ©]-&-3) matrigel 914 et
d AEE Ay Bt

Matrigel (BD Biosciences, Bedford, MA)< Engelbreth-
Holm-Swarm (EHS) mouse #& 4 F%3 #8744 7]

AA A Z T/ &2 laminin, collagen type IV, heparan

z
ks

sulfate, proteoglycan, entactin, nidogen % ©]T}.

4°C 83| ¥ Matrigel 200u1E 12-well plate2] Z}7}e]
welloll €& & 7+z}o] plate= 37°Coll A 2417t B¢t uj
F3A Tk HM7 AIEE 10° cells/well2 3 7}3}a1 37°C
oA 6d 7t v ket & ZZho] plateo| A diameter”} 0.25
mmE T 2 FH2HE M) 100 mm® ool Aol et
o] & A7 AFsATh

5) S5 MEZ ST 24

4y l'

4= 79 9}% AEZES trypsinoll FEFU4 =E4]
7 @2 A)7 & 10% FBS7} a3 vk o g A3
F 8 wjFd S A3l 10° cellsmle] et S
TS 6-well plate2] ZF wellell 1 ml2] AX dgtl-S
A7rsl 3027 Wi e & BIrAnAS ol &3 &Y

ko)
=
AEsh P A 55 W BIHAT

A3 B9 A3l 96-well palte2] 2 wellS 8ug/
well®] fibronectin, collagen type I, collagen type IV,
laminin® 2 AA Atk AA S welldll HARI S
ZAF APTH YIS 2AHA B PETY
HM7 4 %2 Am wjorshsley. Wk ¥ 2
B MAE 2A2HA ARG 2 718 Geo]

et A E 9] —i— MTT 2402 BHE34

wellS H-
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7) MTT (tetrazolium-based semiautomated color-

imetric) =41

MTT £48-& ol Az mEzselcle] @
FAaF 20 9 MTT [3-(4,5-dimethythiazol-2-y1)-2, 5-
diphenyltetrazolium bromide, Sigma, St. Louis, MO]7} A
3 ol A A9 formazan AFOF AL o]
P = 24t XY 58 FYHSE WHol
t}. 96-well plate?] 2t welldll 25pg2] MTTE 3 7}314
37°COll A 3A17F v e & 4T A FlstaL 7 well
o dimethyl-sulfoxide (DMSO)Z 3 7}8fo] oF 2083t
g3 §3|A713L ©]F 540 nm ¥Hgo) A ELISA ¥
H A 2 Sk
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96-well plate®] Z+Z}+2] welloll matrigel 6ug, =+ 1%
BSA/PBS 20p1E #H7}alar 37°Coll A 2417k v ¢ksl 3
35 ol o2 A H Al 100p (10° cells/ml)e] Al
Aetel S H7bste] 37°Col A 1A1ZF v et AT, Hl
7t well2 8 wiAZ 2A2HA AFHst
matrigelol] 28 A F o] =5 MTT EAHOE 3=
3t 2= matrigel % S0l A4S g Al E gl o
3t F33 =o)X 1% BSA/PBSO| HISo] A%HS 3 Al X
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9) Flow cytometry

AREA £ AZG AXS) ANl AT
F &S She M2 XA integrin®] §4-S 173}
7] $18l At oz2Tte] AEE 2+ trypsinize 3 H
PBSZ A% 3}al Santa CruzAl(Santa Cruz, CA)2] a, B
integrin subunitol] ™) 3+ T2 3} [anti-human antibody
@ (P1HS), i3 (PIBS), o5 (SC-13547), Bl (P5D2)|Z ©]
23} CellQuest softwareS Al-8-3F FACSCalibur flow
cytometer (BD biosciences, San Jose, CA)= integrin 2,

a3, a5, B1e} Lo Afol& EA AT
10) MMP-2, MMP-92| =24

AP o 2ol A ) MMP-29F MMP-99] &4
gelatin zymography S ©]-&3lo] 413l th.

MEEZE AAS FEA vl kA (conditioned medium)
< Centricon-10 concentration device (Amicon Corp.,
Berverly, MA)Z 108 SFA17]1 &5 ol &Y &9
o A2 | mg/ml2] gelatin (Fisher Chemical Co., Fair
Lawn, NJ)o] ¥#% 10% polyacylamide gelol| A 2] A|
Atk A719E0] EYUH 2.5% triton-X 10022 A A
3} 50 mM Tris-HCI, 5 mM CaCl,, 0.02% NaNs, pH
8.09] wh-g-oHe 3% REZAIATH FHE wjgY &9
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Fig. 1. Effect of radiation on the proliferation of HM7 colon cancer cell. 10 cells of HM7 were plated in 96 well containing
DMEM with 10% FBS. After irradiation with 60 Gy, cell viablility was assessed at the indicated time by the MTS assay.
Results are presented as mean*SD of three independent experiments. RT = radiation; - = control group; + = radiation

group; Abs. = Absorbance.
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gelatin F3 BAE Z47Fe] 52 BRI A gel-
atinS 833}y gel S coomassie brilliant blue R2502. 2
qAE RS o gaE o YeA A

MMP-2, MMP-9 &/Jo] F7}5 o] Sl HT1080 A+
§ZF A FEE o] &3] MMP-2, MMP-9 &A1& th %3}
ATt

11) 4 24
Aot HA+RFTHAZ ZAFAD K948 HE
9 Student’s t test= 3FF 2™ P<0.05 ¢ A-5-d EA
st o2 fojsiotar AAsHATH

4 ot

=B

1) 2HARMZTALZE HM7 MZZSAl0| O0[X|=

HM7 thZd A 2= 30 Gy o8] WA AR = Al
Aol Ao FFE WA ATk W 60 Gy o WAL
ZAYeRAL W FEE - 3dA 9] AEFe T

Bl 62% = AAS] S AT Tt AlZke] Al
2 AlE S45e] A3 IEHNeH, T4 JAELE

=A
[<)

Z o

o
=

Number of colony

Wy 320 thETe) 38%, SUA 27%, 7 2% A
7ro] Aol ulel NE Z24) A &o] Hxh i) w
A EHoRRH HBHE IS BATFg ).

2) AR ZEA

69 WhFT F

/‘_E_

7} HM72| Matrigel Z/2&iA0f O]

931

S
rr
0%

217 025 mm ©]/to] He e
w2 200 mm’ WX A7 A5 A3 7o
e 2057019 0.1 HARA ZAMFS 49702 U2
ol B3l 76.1%7F 7HAaE o] w9 ojv|dE ¥istE B
ATHP<0.0001). wetA] AN ZAFE HM7 Al %2
A& U SAEERTG AEZ g FA4ES oS AAA
7= Aoz AGH It (Fig. 2).

3) S5 M=ZZH ST 24

A2 S22 Aol w7 ol Mxe 7134
T2 H7bskA] %o colony Fd APd= V1A
Wl matrigel S Ewjstow wetA FFAMET A
zZh 8 ole} Mo} 7jE el zke] AEo] colony A3
o T3 242 Z43 & vy FHE FF
301
25' J;
20 4
15+
10 \

5_ i

0 T 1

Cn

Fig. 2. Effect of radiation on colony formation of HM7 colon cancer cell in Matrigel. HM7 colon cancer cells were treated
with (RT) or without 60 Gy of irradiation (Cn). Thereafter the cells were trypsinized and seeded at a density of 10* cell/well
in 12 well plates coated with matrigel. After 6 days of culture, colonies were seen with microscope and counted. (A)
Representative photographs of colony were shown. (B) The number of colonies in the plates, which were larger than 0.25
mm in diameter, was counted. The counting was done in five randomly selected areas per well, and the total number of colonies

in a well was determined. *P <0.0001.
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A2 AZ A 7|2 o] Ao g 9 418 Jeh} R+ 64.9+6.7, 17462, 7.7+
S AE R} 3.9, 3.6£1.9, 6.4+2.937} Hlwa] GY A EFE 0.56H)

W2 HM7 = M X7 A352S LolR 7] 9350 6-well (P<0.0001), 2709 ME SF2 1.408), 370= 1.474],
plates o]&3s Y 45 A W3 Th Trypsinize$t 471 2.31H1(P<0.01), 57 ©] S 3.054) (P <0.0001)
T ZARFOI A GUAME F= 365160, 27 & 24.4+ 2 i xol Hlete] FH{MEFTE ZAAA 9] Q)
5.9, 370 11.3+4.3, 47]E 8.3£1.7, 57 ©]&4< 195 A Z715198S & 4 U THTable 1).

Table 1. Aggregation assay of HM7 colon cancer cells with or without radiation (30 G, twice)

Aggregated cell number

HM7 cell

1 2 3 4 5 or more
Control 64.916.7 17.4£6.2 7.7+3.9 3.6£1.9 6.412.9
RT 36.5+£6.0* 24.4%59 11.3+4.3 8.3+1.7 19.5+4.1°

The amount of aggregation was represented by the % of each cell in high power microscopic field (number of each cell/total number
of cells in HPF x100). Data are meantSD of one representative three repeat experiments. *P <0.0001; ' P<0.01; ¥ P<0.0001.

90 80 *
T
80 70 -
70+ 60 4
607 ~ 50
& 501 s
%) » 40+
8 3
30 - 30
20 20
10 104
0 T 1 0 T 1
CN RT CN RT
Fibronectin Laminin
100 - 100
90 + T 90 -
80 80
70+ 70 T
& 601 & 607
» 50 » 50
© ©
O 401 O 401
30 1 30 -
20 20 4
10 10
0 T 1 0 T 1
CN RT CN RT
Collagen type | Collagen type IV

Fig. 3. Cell-matrix protein binding assay. HM7 colon cancer cells were treated with (RT) or without 60 Gy of irradiation
(CN). The cells were trypsinized and seeded at a density of 10° cell/ml in 96 well plates coated with fibronectin, laminin,
collagen type I and collagen type IV. Cell-matrix protein binding was determined by MTT assay. The amount of adhesion
was represented by the % of each cell in high power microscopic field [number of each cell/total number of cells in HPF
(x100)]. Results of representative experiments are given as mean+SD. *P <0.0001.
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4) M=ze| 7|ZlCHEHo|| CHSE Mz A&te| HS|

Aol He YA

AL} AEe] 714
° ZAL T A ZS} A E

o] JEFS otr 7| 9l WAL
9] 714 o]l A% A43FS shth

Fibronectin®l] th3F &g zro] o= Z2E3 WA}
A ZAbEA A Zh2E 82.3%, 80.6% 0.2 -2 8 Z}o] v}
AN ™ collagen type I= 88.4%, 88.2% =2 2|3k 2}
o] 7} AT

eyt laminindl] gk H2He] Af-de za
WAL ZAVEO A 22t 41.4%, 70.8%E WA ZAL
oA 1.728) 2| QA F 71 THP <0.0001). FESH
collagen type IVE W73} BIARA Ao A 2+
65.1%, 86.4% 2 tlZtol Bl3)] WAL ZARE A #
o] 1.33u) =& Ao 7 YelthP<0.001, Fig. 3).

71A9re] E3HAdE Q] matrigelo] thak Ade thx
0] 59.7%, Do) 85.1% 2 JA| WAL ZA
A1 u AA F7HEFATHP <0.0001, Fig. 4).
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5) Integrin subunits2| 244

129
=

% laminin, collagen type IVl T3k 23}
, 5 fibronectin, collagen type Io] o 3¢
F& WA e o AaEHAoH olyg

=
2~
7

% d U

WAL o] ]38} integrin a, B subunitsQ] W3Y 4=
| ol ZH7+e] FAE o] 83+ flow cytometry S
1-&3te] 438kt

¥o rir

]

100
90 +
80 1
70 1
60
50 1
40
30 A
20 1
10 1

0 T 1
Control RT

Cells (%)

Matrigel binding assay

Fig. 4. Matrigel binding assay. HM7 colon cancer cells were
treated with (RT) or without 60 Gy of irradiation (Control).

o EA)3}+= integrin®l] ]38} integrin a, B subunits2] The cells were trypsinized and seeded at a density of 10°
Z3o] o5le] F)AARS QR st Eolx HIS cicll/{nl in 96 well pla.tes coated with matrigel. Cell-matrigel
qr 6 o1 o binding were determined by MTT assay. The amount of
ob= Ae® A du adhesion was represented by the %. Results are presented as
X AFek Aae] et AN ZAbE 1E & mean+SD of three independent experiments. *P < 0.0001.
200 200 —
2 PR
c c B
=1 5 3
/<3 Q =
° ° /m'\
0 0 ;—v—vﬁnm—v‘\tv-%ﬁ—rﬂnm—v—ﬂ-nm
10° 10" 10 10° 10 10° 10 10° 10" 10 Fig. 5. Effects of RT on in-
FL1 __H FL1._H tegrin subclass of HM7 cells.
Integrin 0.2 Integrin o3 — Control HM7 colon cancer cells were
RT treated with (RT) or without
200 200 — 60 Gy of irradiation (Control).
e 3 Thereafter the cells were in-
" E ” ] cubated for 24 hours. After
- E 7 being dissociated and stained
8 3 S8 T with antibodies of anti-integrin
_EJJ 3 @, a3, a5 and Bl and then
] E ; with second FITC antibody.
0 ST TS 0 o *‘*,1 S ....:..,3 T Cells were fixed with 3% pa-
10 10 10 10 10 10 10 10 10 10 raformaldehyde. Flow cytome-
FL1__H FL1._H try measurements were per-
Integrin a5 Integrin {31 formed by flow cytometer.



HT1080

Control RT

Fig. 6. Effect of radiation on MMP activities of tumor cells
gelatin zymography. HM7 cells (2x10° cells) were plated
in 100 mm® dishes. After 24 hours, cells were washed and
changed with serum-free media and then irradiated with 60
Gy (RT) or non-irradiated (Control). Conditioned media were
collected. Proteins in the conditioned media were separated
by electrophoresis in 10% polyacrylamide gel impregnated
with 1 mg/ml gelatin under nonreducing conditions. After
electrophoresis, gels were cut and washed twice in 2.5%
Triton X-100 for 30 min and then incubated for 72 hours
at 37°C to allow proteolysis. Gels were then stained with
Coomassie Blue G-250. Activities of MMP-2 and MMP-9
were decreased by irradiation in HM7 colon cancer cell.
HT1080 cells were used as positive control for MMP-2 and
MMP-9. *Activated form of MMP-2 were also seen in
HT1080 and control HM7 conditioned media just below the
pro-MMP-2.

ZAMEON A integrin
o
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g F AN

6) MMP-2, MMP-9 &t 24

WAL ZAF HM7 Al EoA EH|E = MMP-2,
MMP-9 Ea2/go] of® FEF& VA=A Fotr7]
$3 gelatin zymographyE A] & 3} it}

60 Gyo| WAHdS AR & HM7 Al2e] 7d4
Hj X2 A& A X2 B3 zymography S A3 5}

=t dzae Hla] WA ZAREI A MMP-9}
MMP-2¢] &484o] X5 dAA3s #Hags A&
T A tH(Fig. 6).
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olelgh M8 71 gk AE At F
HAE Wl At FFEAe oot H &
Aol = integrin, cadherin, selectin, Ig superfamily %5-©]
Jom Ax 71-AZEe] A BAde A FE
integrin®] T}, Integrin> 16712] a subunits®} 87§<] B
subunits ©. 2 FAE AFTolm A E e} V1A, A E
SF Al e] 3 Zol] Fhofgitt. B subunitso] 7] o] A

= FHolH q po] el Wk 712 dES <)
Agta 5olA HAS = AoE EHA stk b1,
p3= FE AFEe 712 F5AE] #AstH Re
Az} AEZFO] el Foddtal Bl fibronectin,
von Willebrand factor, thrombospondin, vitronectin®} 2
< g2 AEAete] & el # g Integrin
2R 71d diolup Al E W Fe ofv =it
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matrigel 2}
oA 7t

kr
=
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T

O

AES dAsE o Fashd dE 59 oSple
fibronectin®] arginine-glycine-aspartate-serine tetrapeptide ]l
HHIT o B =l wEbA 2Bl a3l col-
lagen, fibronectin, laminin®l 4 2}3}3L a5812 fironectin
of F2 AP ATHTable 2).>* whehA AR ZAL
A EF AEZ SFo] izl HlE Frksta 71A
9} 23321 matrigelZ} laminin, collagen type IVl o g
HHAE fFofsiA S7He A2 WAl 213 integrin
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Table 2. Ligand of integrin heterodimers

Ligand B subunit a subunit
Collagen I 1 1, 2, 3
Collagen IV 1 1, 2
Laminin 1 1, 2,3, 6
Fibronectin 1 3,5 V

3 1Ib
Vitronectin 3 IIb, V

5 \%
Basement membrane 4 6

Integrin adhesion molecules are heterodimers, each integrin
consists of one a and one [ component.

a B subunits®] W3t F 7] vl
o]-83} flow cytometryZ A5} integrin a2, a3,
pre] wdo] F7tE AL AT F AU
Handschel 5°#} Hilderandt 5’ % ‘Ao EH7F
| 3 o] A E-selectin} ICAM, integrin®] WS F7HA]
Itk B33 vl QO™ Meineke 502 WIARA S Wb
< COLO-320 AM|2Zol A integrin®] Wd o] F7lE vt

183 Gaugler 55 WA o] Q1A At A Z o)
A AJER A #dS SV s =S
Kennemann 5°% Ewing & %ol A WA o] o]t 43
2] dde] s ®agk vp Aok
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