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[ABSTRACT] Objective Through improving the potential of vascular endothelial growth factor receptor
(VEGFR)-humanized mouse model (hKDR*) with C57BL/6N background to allow the growth of different
mouse tumor cell lines, to establish novel tumor-bearing mouse models which can support in vivo
tumorigenesis of different mouse tumor cell lines and be used to evaluate drugs targeting VEGFR. Methods
Firstly, a method to evaluate the in vivo activity of antibody targeting VEGFR based on the hKDR'’
humanized mouse model was established. Recombinant activating gene 1 (Ragl) knockout mice (Ragl”)
were established using CRISPR/Cas9 technology. Then these Ragl” mice were crossed with hKDR”* mice
to get a double gene modified homozygous hKDR'*/Ragl” mouse model by screening. Finally, tumor cell
lines derived from different mouse strains were tested on the double gene-modified mouse model to
Antibodies designed for VEGFR showed significant
anti-tumor activity in hKKDR"* mice, which significantly reduced tumor volume and weight compared with

compare the differences in tumor growth. Results

the PBS group (P<0.01, P<0.05). The number of B cells and T cells in the peripheral blood of Ragl” mice and
hKDR'*/Ragl” mice decreased (P<0.05, P<0.001). Tumors were observed in hKDR*/Ragl”, Ragl”, wild-type,
and hKDR'* mice after 7 d of inoculation of MC38 cells derived from C57BL/6 mice. Tumors were only
observed in groups of hKDR"*/Ragl™ and Ragl” mice, but not in the wild-type and hKDR** mice after 10 d of
inoculation with CT26 cells derived from BALB/c mice. After 3 weeks of inoculation, the tumor volume of
hKDR'*/Ragl” mice was significantly larger than that of Ragl” mice (P<0.01). Conclusion Ragl knockout
mice were obtained and a novel hKDR""/Ragl” double genes modified mouse model was further screened.
The tumor cell lines from different mouse strain origins were more prone to growth in mice with Ragl gene
deficiency. The results suggest that the reduced immune response of hKDR"" humanized mice will improve
the capacity of supporting the growth of mouse tumor lines in the model. As a result, more tumor-bearing
mouse models may be constructed for the evaluation of drugs targeting VEGFR in this way.
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AAACCATCTGTGGGAATCGTTTCA

Ragl-F GGGGAAACCTTACCTAGAACAG
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1.9 BINESEEEImETENMEIEE

%% F hKDR™ . Ragl™ . hKDR*/Rag1™ #1C57BL/
ON L AFARFE/NR, BAZSH, ATEZARE/NR
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FH GraphPad Prism 8.0 FX{F-4F 45 REGE AT 58 43
W A Z s, BdEllivesRon. ZAHRE
AT RAMIEIRE T Z 34T, N ELBCR I LSD-
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E: AR AR PBS a1 MC38 18 hKDRINB LI AR EE (DO, D10, D13, D16. D20. D24#1D25 % Bl FRw i 43 R4
BERRZEME0. 130 16, 20, 24, 25K); BAERTERE, WEBR/OBNOMBEHTREE, FHEMBEAX/),; CH Ramucirumabfl
VEGFR-HK19 iR RE R ZEEMBAIR (BHAR/NR, "P<0.01); DABFTERE, SEMBREMLER (BH4RNR, P<0.05),

Note: A shows the experimental flow diagram of treating MC38 tumor bearing hKDR** mice with humanized antibody or PBS (DO, D10, D13,
D16, D20, D24 #1 D25 show the day of injection and the 10™, 13%", 16, 20", 24" £ 25" day after the injection of tumor cells, respectively); B
shows the tumors were dissected from each mouse in different groups at the end of the treatment period; C shows Ramucirumab and
VEGFR-HK19 can significantly reduce tumor volume (n=4, "P<0.01); D shows the tumor weight in different groups at the end of the
treatment (n=4, "P<0.05).

El1 §XJ VEGFR2 $8 R A9 LK BENNH) hKDR INERRIMPIR £

Figure 1 Antibody targeting VEGFR2 targets can inhibit tumor growth in hKDR'"* mouse
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IR ZREIN 1968, HAENR IS H, TikkEE
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A B M hom hom het WT H,0
A : CRIsPRICas9
Wildtype allele  // /
exon1 exon2
. 365 bp
285 bp
Del allele / 4 /
exon exon2
C D
Rag1™- C57BL/6N
4.74% 0.56% 52.20% 191% 100 . Rag1-/-
gof W C57BL/6N
S
§§ 32 %
m|S o |8 =
[0]
o
()
o
141% g 23.53% 39.08%
COSA CD3 (T cell) CD19 (B cell)
T cell
E | e !
 — L S—

C57BL/6N tccatcctaaattttcaaagaaattccatgetgatgggaagtcaagcgacaaageagttcaccaagecaggettagacacttetgecgeatetgtgggaategtttcaaga

Rag1 - TCCATCCTAAATT--o-ooooooooooooooooooo oo ooooooooooooooooooooooooooooo-] 5 TGGGAATCGTTTCAAGA

F ARERNEERIZITER; BRI Ragl BRI (Ragl” ) /NEHERBELEE (hom, EREE/NR; het, Elmmd\?ﬁ; WT, EFAERY/N
B); CH Ragl”BERE/NEH C57BL/6N FERNFIMNEMT. BHEARENSEHSE,; DA2E/NRT. BHBABRES & EDTHIRE
(BH3 RN, "P<0.05, "P<0.001); ERRagpl EREMHBNFERFZIIILL, A DEL RN A B

Note: A shows model construction design; B shows genotype identification map of Ragl” mice (hom shows homozygous mice; het shows
heterozygous mice; WT shows wild-type mice). C shows scatter diagrams of the percentage of T and B lymphocytes in peripheral blood of
Ragl” mice and C57BL/6N wild-type mice. D shows the bar chart of percentage analysis of T and B lymphocytes in the two groups of mice

(n=3,"P<0.05,""
B2 Ragl” &R mkR/\ERIMIE R IEIE

P<0.001). E shows the sequence comparison of target fragments of the Ragl gene. DEL shows the knockout segment.

Figure 2 Design strategy and validation of Ragl” gene knockout mice
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TR/ N B 89281 KN 351 bp, Ragl™ /N E IS
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hKDR**. Ragl™ . hKDR"/Ragl™ #1 C57BL/6N iX 4 fi
INFRZEA JE I AR D B2 N IR AE RS, 45 SR TR,
A5 fE B4 fh C5STBL/6N /N FRORUE Y MC38 4Hiff S5, 4 F
INERISTET dEEATHIGE MR AR, BRI A B
INRI BRI ZER LG FE S (K4A), EfaH
FEP BALB/c /NSRRI AT CT26 41910 d J5, X Ragl™™
1 hKDR™ IRag 1™ /INER W EE B g A= K, 1fj C57BL/6N
FIRKDR™ /INGSAR LR AR BRI 538, hKDR'/
Rag1” /INREI BRI T Ragl /N, ZEFERE
FPFEN (P<0.01), EMREHRHUWIE4B~D fir. M
RRRE SE g A5 AT A, [ — R /)N BRC R B A MC38 Al
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A L~ B

& & .0 NSRS
Rag1™- hKDR** WA 1Py RV Ny TR
hKDR"/' . hKDR+/.
/Rag1* . . /Ragl* 351 bp
hKDR**/Rag1-
C hKDR*"* hKDR**/Rag1-- D
65.28% 5.32% 10.60% 0.40%
100r B hKDR'*/Rag1”
80r mm pKpR* L
HE tE
o3 o8

Percentage /%

25.21% 87%
CD3-A CD3-A
T cell T cell

10.13%

CD3 (T cell)

CD19 (B cell)

i*: AJ9hKDR"/Ragl” NIESSE s HEEEIM/NEEERIZ; BRI HIKDR/Ragl” MBS ER/NERERBEELEE (1. 2. SAVERDENR,
homiEEREE/NG, WTIBEERNR); CHHIKDR"/Ragl” MBS SEREM/NRAEMT. BHEAREN SEHSE; DA2HN
BT. BHEBARESSESTERE (§H3R/NMH, "P<0.05, 7P<0.001),

Note: A shows breeding process of hKDR"*/Ragl” humanized double target gene-modified mice; B shows genotype identification of
hKDR*/Ragl” humanized double target gene mice (1, 2, 3 show homozygous mice with two genes, hom shows homozygous mice, WT
shows wild-type mice); C shows scatter diagrams of percentage of T and B lymphocytes in the peripheral blood of hKDR"/*/Ragl”-humanized
double target gene-modified mice; D shows the bar chart of percentage analysis of T and B lymphocytes in the two groups of mice (n = 3,
"P<0.05, P<0.001).

El3 hKDR'/Rag"IE m B E & 1)\ & BI3R 15 R 3G IIE
Figure 3 Design strategy and validation of AKDR”* humanized and Ragl1™ deficient double genetically modified mouse model

CT26 41 j5 BRI TE A AR —2, R AR A
I8 2 Bt 22 IR TE 90 952 Bk B B hKDR™ /Rag 1™~ /N BR A
Ragl”" /R EREA K.
3 e

PR R A KRS 25| 2 MR Z 50,
IR PR PR 858 P i B I BT A 2 IR A LR R O 45
SR AR I TE AR ) A R e R ot AR ok B AR

FI M GEAESR, DLAKDR BEIR B Bz (R s i B b
FERTY ZEMRRZ R R, AR AR/ N ALAE

GRS, IR R REIR A HEPEAN VEGFR HTff
HIR IR o (HRTHISEIGREM BALB/c LT
HY CT26 FRIEZRAL S AN MR AR, A IR AT AT e 2 /)N
SRS AR GO AR R AR A A T HERR R
ROERAL — BfefaE. B RATEE IS,
BEXEEIES B CSTBLG6 fi 2 1Yo MifESTFediif
TR IR R BN E S R AR, DERTS
AN R R O RN BRI, T2 A
(7] T ¢ BT R USR] S e A A1) ) S e B A AR 22
S Jutk, TEIRAS RKDR™ N/ B R At £

ZIROTAN B HAE FNURIRA 7055 75 T m] AR E AR

A5 A A BT HA i 3 CRISPR/Cas9 F R B3RS T
N VEGFR & A hKDR™ ANJEAL/N AL 1OV IRAfF 5
th, B SR NIRRT CSTBL/6 SEJE Y MC38 4 fifg e A
R VEGFR MHUAZHIEI TIRTT . SR DRTRLYRE

AHF 5T i@ g B CSTBL/GN /N B Rag ] LRI ES — 4
YMETRERIIE80 bp FrBY, SELHARASAH B AR A
Sryesk, (T, BIKEARILA FEIAE EOENT, S8
FEGME, $5 Ragl™ /Nl BEIRBRIBAIT S, A
B SR A CRISPR/Cas9 Bo R, JEBARIE, FHAR
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A MC38 cell B CT26 cell C CT26 cell D CT26 cell
e 4+ ~+ hKDR**
2000 e ko 3000 - hKDR: ! LEEL R JRagt« CSTBLIGN
E - y - Ragt™
E qsaof T Fegt £ " W
P P — < 20001~ AKDR*'*/Rag1
3 C57BLGN § CSTBL/GN } :
. >
g & 1000
'2 =]
]
10 14 17 21 24 28 v :o 14 17 2‘1 2L4 ZLB

Time after inoculation /d Time after incculation /d

i ABNMC38 RIRMEMBBIERR4MNRMBHRREMR;

o

By CT26 BIFMBARBERR4FNRERER; CHERARIEM

CT26 40k (7=, £IAEFR/R) FIMC384HEE () MIRKEB/NRSMNM; D ASCia K HAkERh CT26 4HAE hKDR'"/Ragl" 1 Ragl NSRRI MRENM o &

A5 RNE, "P<0.01.

Note: A shows comparison of tumor volume changes in the four types of mice after transplantation of MC38 tumor cells; B shows

comparison of tumor volume changes in the four types of mice after transplantation of CT26 tumor cells; C shows the appearances of tumor

forming mice inoculated with CT26 cells (left, showed in the red boxes) and MC38 cells (right) at the end of the treatment period; D shows

tumor samples of hKDR'*/Ragl” and Ragl” mice inoculated with CT26 cells at the end of the experiment. n=5, " P<0.01.
E 4 MC38#1CT26 IEMIETE Ragl" BRREAE M/ NREEPIEREK
Figure 4 Tumor growth of MC38 and CT26 cells in mice with Ragl” gene deficiency

Ko #E K hKDR™ /INERFT Ragl " /INRE LA i, 3R
73 hKDR"*IRag1™ NI Gzt be/ NS, DA —
BREARTE /NI e HERBE S, R m AN H T SR
A RERE RN, UAESRHUAR LTI RO R A fR it B %
RIS AT

MC38 #1 CT26 /2 F HI/INR &S i AR Ak, &R I8
TFrfEBE/ NS, SRR, H
CT26 4l 29k N-TLASEE-N- B iRt 5 S AR AR 7Y
fEH) BALB/c 257 5tHY/NERES I a2, MC38 4 i
ok H CSTBL6 /NI ES A s A & 1 ARSEES
o, Tl /NS R MC38 11 CT26 4 5 iRl A K1
RIFEZES, MC38HMI/E RKDR™ . Ragl™ . hKDR™/
Rag1™F1C5TBL/6N X 4 Fi/NE H S Biod . {H CT26 28D
{XAE hKDR™ IRag1™ /NG A Rag 1" /NFRFPIEH A, X
BEZEIRERIA, FRIKT. BANAL & SAEHE ZUY 38 hKDR™
N5 A/ INERAEAY #22 52 AN [A] 1 o Ut 400 Al B0 e 98 7 o
X555 — 2 B N AR 2 A R B T R 4H
SRR T TARER D,

AR AR E AP, AT VEGFR AN
ML REET i SAEE T, s AR, MR
WG R v M ARR S T S SN A K e A
it (18207 X HR TR AN BIF 9T 8 ST 89 hKDR™ N R A R
Rag 1™ BE RN [k B RCHE 5 B DR 0 /N ERARE R, i e
REBREARGNI6E, HY5E 7 s 40 i A% A 19 Bk
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