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ABSTRACT

Rapid induction of malignant tumor in Sprague-Daw ley rats

by injection of RK3E-ras cells

Hyun-Woo Kim
Advisor : Prof. Yoon Jung—-Hoon, DDS, Ph.D.
Department of Bio—Materials,

Graduate School of Chosun University

Several tumor animal models have been provided as a tool for
developing cancer therapy. Here, we developed rapid, easy-to use, and
cost-effective new rat animal model for invasion and metastasis of
cancer using genetically k-ras-induced rat kidney cells(RK3E-ras).

We observed tumor as early as 3 days after injection of RK3E-ras
cells in subcutaneous of Sprague-Dawley rats. Tumor size and volume
were increased exponentially for 2 weeks. The tail vein injected rats
obtained the lethal infiltration in the lung within 2 weeks. This tumor
animal model has great potential for studying cancer processes and

short-term screening of variable cancer therapy strategy.
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9] GTPase? @A o] AAHETI16). Ras FAAe] EdWol= AR %7]
2ozl A YEFH(17-20), o€ o]fF = FY LA FY ras &

Wae] wisle] oigd AF7F Wo] olFofA i Ark(21-23). HE  ras
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FA3 T Barl Qth24). oY s xAHe A AFRES Eu R, o 2o

=

T A= Sprague-Dawley ratoll 5 K-ras7} #d % += RK3E cell&

[-'O

o] &35l JAFTY FE BEdS PEJY. Kras’t 323 5= RK3E cell>
o]



1. A v

Ao AT A XS rat kidney epithelial cell line?l RKS3E cell¥}
RK3E celldl K-rasE #2d A7l RK3E-ras cell® AF&3t%ith. RK3E 2
RK3E-ras cell& 37C, CO:; 5%9 =ZeolA, DMEM (10% FBS, 1%

penicillin / streptomycin)oll #j %F3a} ¢ v}

2 AYEE 2 AT 79

Rat2 AMELE Aol (F)o A FH 3t Sprague-Dawley(SD) rate = A%
379 AL AFESI T 2 rate] FAE 60g el A F7le wE
T2 W37} He FEuS AFEEch SD rat

Al A AFFE Fol AP AAS AT g
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RK3E cell¥} RK3E-ras
cell& DMEM A 200uto] 77 1.0x10°70% S0 =2 Fu|sle] 26GX

1/29] FAF vhE3 Int FA1E ALgee] 47 AF

w

# SD rate] 3 3}ol
=gt £ Holsde oldty] Yal SD ratl tail veinol 5x10°7) 9]
RK3E, RK3E-ras cell® 43



3. AFd TF F9 A

RK3E cell?} RK3E-ras cell2 T8 & vjd rate] A& #@Asta A%

ZAaAT. Fge ¥9 S4L wue] AANAE AgaT

S
= o

yHl e} dolE =Asla, Gutman 5o Aekdl

Askak e,

Volume(mm?®)=LengthxWidth’x1/2 (Length : %7, Width : &%)

4. Soft X-ray Imaging

2] A w3 A ¢l ketamine hydrochloride (HhA v A &3 4 2 (5) 50.0meg/ml)
7 rumpun (Hpo]dF g o}(F) 23.32mg/ml)S AFE A Fol 2A 1112 TS
o] SD rat® S5 FAFEo] wFHEFIL soft X-ray apparatus (SOFTEX
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I 100% xylenedl 3®A %= 33 & utd A7 100%, 90%, 0% 2=
1324 g5 B34S A & SHFTE2 AFsAu. A 35S H8) citrate
buffere]l £&lo]=2 Y 121ColA 5&%F autoclaveE 3+ F o Z=FFE A

2 slar, WA peroxidaseE #]3t7] #8] 3% H-O: (Methanol+3%H20-) el

=

wol 37C incubatorol A 30%F AEsta, TRTF=E 13 AFH * 0.05
TBST bufferoll A% 5&3F 23] AAJekdct. Aol ek v 5ol 4 kg
A sF7] 9138 blocking buffer (0.0o6M TBST buffertgoat serum 9:1)& 37T
oAl 2047 Ak, 12 A E 37Tl A 2A12F A2l gt 0.05M TBST
buffer® 5% 33 AlHsta, 2x FAE 37CeAA 3023+ &g Fof
0.05M TBST buffer® 5%% 33 Alx3v. DAB (ABC kit vector
laboratories, inc)E& AF-83te] WA A7l $of| hematoxylin® = tjx G4 3}
,HE A8 E AR Fol BY sk

F&3 dx A 2=, PCNA (clone PC10, diluted 1:100, Dako, Glostrup,

=

>

Denmark), vimentin (diluted 1:100, Dako, Glostrup, Denmark), 12| 1L
pancytokeratin (clone AE1/3, diluted 1:100, Dako, Glostrup, Denmark)g A}
4 33T



H  AF 2= rat kidney epithelial cellel K-ras geneo| 33 3+
RK3E-ras cell& 7FAaL A@E sto] A2 % 55 295 w50 20
2] o] SD rat9] ¥ dlo] RK3E-ras cellS FHd 9, ExFLo=2+E K-ras
gene°o] Y A &= B4 RK3E cell& FHstth

RK3E-ras cell& 9% A7 dste] FYsta, wid Fd9 A 42

st TFe FAol Hol= 3LAFE 15LAA FF TAS Soft-X

32
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Aol wep FAo] wfg- wWEA o] FoyA = AL FAsttH(Fig. 1 B, O).
RK3E-ras cell® F&lo] wAdl rate] =oko] Ryl =7 @ AH T

dolg 6LATE 15YA7HA HHS Fsotol & v 64AFH A

A, B 2 JAES g & 5 v (Fig. 2). RK3E-ras cell?]
AA FYT ratoll A= FoFo] TATA T FoFo] HAI F2Ao] 2 A H

th ek 2o Ao A moused] RK3E-ras cellS 53 A3}, Foko] A



2. %9 WA 57

- o

T Aol BT 15UAY rats FAHE T
(liver), 2% (kidney), % (intestine)?} & 719 W E #2351 F(Fig. 3).
A A o R RE FdA FAREE, AP 2 8 22 oA FdY
EAS Bt ob&# FFo] Hliver)¥ Al A (kidney)ol & H+e A I
A A TH(Fig. 4). RK3E-ras cellol o3 @AH B T 22 oA AXF

HEAQA PCNAZF 28 G4 wee ol o 2R Fd 34 52

hul

(o3

23 9 ITH(Fig. 5A). £@ Soldo2 ZAEAX vimentino] % =7
oA e e Atk eu AMALEAR cytokerating &4 0]l

t}(Fig 5B, C).

3 AAA AolsH 7}

RK3E cell#} RK3E-ras cell® SD rat9 tail veinol F3alo] Foko A
S 39ttt RK3E-ras cell2 3] 3to] FU3% rate] 499+ 27

o] WHAlS Hoto g &9 & 7t gl 28y RK3E-ras cell& T4

o]

=
(]

olr

o
O

St ratoll A S 45HA ATol FATE Aol EYtr. RK3E-ras cells tail

veinel 4 99 FHH rato] oS wol7] Azt 1243 H71A Ksha

%tk Rat2 72 T35t Koty oz Hola Aol FFo HES Fal
stATH(Fig. 6A). Ao 2% oA oA dolAd T A4S st
AT Fig. 6B). ©o]¢ 2& A= RK3E-ras celld] 9&) 2AEE= 9o
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AP rENSsd 2e Y 5% wde BHES
!
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9 & 4] neonatal rat kidney cell2 EAloZ &
S o] g3t Ao &3] AFEH = SD ratell A A2 T T IS v
Stk o]del Ao A RK3E celle] B-catenin®] =¥ o], T+= retroviral
vectorg ©]83e] ras FHAE A A3} NIH/3T3, IEC-18 celle] 47
neoplastic transformation ¥ Qo= B a7k QA H(31, 32). AA7tA LA
A Fol ras FAAE QA GA FEAA M e AFHE #A

A ol Sz Fde] EEA ras #AAS & BAH Bdwes u

ATHID). Wy 2 #HAke] 30%0lA K-rasfrdzre] A4S s, +
A=A gy 22 daFYge Aol dFE N-ras +8471 &4
3 Jvha RuEQdH(33). ol A A3 mouseol A K-ras®] &4l <)
doF Aol HAvkal B th(34). RK3E cellol retroviral vector® ©] 4
sto] K-ras x5 A A3 RK3E celldA] K-ras7t #dd =&

RK3E-ras cell &9l &3, RK3E-ras cell 9 A] neoplastic transformation¥
S Aolgtar AR T3, 35). T @Wo] o] S HE FF MAEY FF
ot B2dS AFgeA] @83, RK3E-ras cell ¥H& o] &3t A= AT

o] ¥&% mdS wEt. RK3E-ras cells 9% 432 sl FYaha, w

Ao A ZFek A wkE A vk ARy A EF A A cytokeratine A4 AL @

Zak ¢ 9lo] A A X 7 A E o] (epithelial-mesenchymal transition)
7F & HAH ole FE 4w Al 2 229 A Ao BEE= @A
o7 dHA o, ES MEEo Rfo] AAL FEAHAS Holn, AP A

A AEe] GEsty S4S AdHE AR AvAEe] AGAEZe ol
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Figl A

RK3E cells
(S.0)

RK3E-K-Ras
cells (S.C)

12 15 (days)

Fig. 1. Serial measurements of tumor formation in rat. RK3E or
RK3E-ras cells (1x10° cells/rat) were injected subcutaneously into
the left flank of Sprague—Daw ley rat.

A: Serial Soft X-ray imaging of a rat bearing a RK3E (upper) or
K3E-ras (middle and low er) cells.



Flg 1B Tumor formation A\:::gf (;lz;;))f
RK3E normal SC (15 days) 0/6 0
RK3E-Ras SC (6 days) 5/5 3150
RK3E-Ras SC (9 days) 5/5 6450
RK3E-Ras SC (12 days) 5/5 16406
RK3E-Ras SC (15 days) 15/15 40340
. 50000
Figl C ~ B RK3E
E 40000 [ @ RK3E-Ras
Py
g 30000
=]
o
> 20000
o
S 10000
0
6 9 12 15 (days)

B, C: Serial tumor volumes were measured by caliper and calculated

using the formula V=(ab’)/2, in which 'a’ is the longest diameter

and ‘b’ is the shortest diameter of the tumor. Values represent

mean+SD.



Fig 2 RK3E-ras RK3E-ras
SC 6 days SC 9 days

RK3E-ras RK3E-ras
SC 12 days SC 15 days

Fig. 2. Solid tumor growth in RK3E-ras cell injected rats. RK3E-ras
cells were inoculated subcutaneously on the left flank of rats.
Gross appearance of tumors that developed on the flank of rat

inoculated with RK3E-ras cells. Rats w ere sacrificed on day 6, 9,

12, 15.



Fig 3

RK3E-Ras SC
15 days

Tumor
mass

Fig. 3. Solid tumor growth in RK3E-ras cell injected rats.
RK3E-ras cells were inoculated subcutaneously on the left flank
of rats.

A’ Gross appearance of tumors that developed on the flank of rat
inoculated with RK3E-ras cells. Rats w ere sacrificed on day 15.

B: Appearance of tumor invasion into the peritoneal cavity at day
15.

C: Close-up view of the tumor mass.



Liver

Fig. 4. Histological appearance of tumor from RK3E-ras cell injected
rats. RK3E-ras cells were inoculated subcutaneously on the left
flank of rats and the rats were sacrificed on day 15.

A, B: H-E staining of tumor invasion sections corresponding to

liver (A) and kidney (B) of RK3E-ras cell inoculated rats.



Fig 5

Vimentin

Cytokeratin AE1/3

Fig. 5. Immunohistochemical appearance of tumor from RK3E-ras
cell injected rats. RK3E-ras cells were inoculated
subcutaneously on the left flank of rats and the rats were
sacrificed on day 15.

A-C: Immunohistochemical staining for PCNA (A), vimentin (B),
and cytokeratin (C) on paraffin sections obtained from solid

tumor of K3E-ras cell injected rats.



9 days

H&E

Fig. 6. Gross and histological appearance of lung tumor from
RK3E-ras cell injected rats. RK3E orRK3E-ras cells were injected
into the tail vein of rats. The ratswere killed on day 9 and their
lungs were removed.

A: Gross appearance of lung tumor. The surface of the lungs
appears multiple tumor infiltration (left). Multiple metastatic
deposits were observed in the cut sectioned lung tissue (right).

B: H-E staining of lung section.
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