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A ENEIT RV IR, i YEH 2022 4E 1 A —2024 4E 4 WAL AL J7 2 B BHE 45— BE BRI 1Y 45 B R
F 254 ], ¥ St DL AR B PR M IR IT . YR T TSR HUAM R il N % 4 e A DN S R Al ACVRLL rs706819,
rs2293094 151169953 v s B K 2 A5 1k, IT #EAT 2 BT 43 B7 5 MR35 6 97 S BB (8 3 43 0 A AU RS , Lo 8K 2
H— OB AT ACVRL rs706819 152293094 ,rs1169953 37 5 3 [H 1 23 A 5 45 {37 3£ [ 35 % 5 Logistic 1810343 #7 i &
BFIRIT RO AR N R . SCR P R G B EE SRR U AN [F] ACVRLL & P B A 80 A8 35 ) 98 4 21 ACVRLL
SN FIATEM . R JoH ACVRLL 3 rs2293094 3 &5 AA LN 5 A 736N . ACVRLI £ rs1169953
frE TT HEAES T 405 E 5 e T8 8041 (45.10% vs. 21.18%,62.75% wvs. 45.07%.52.94% wvs. 26.60% .
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[Abstract] Objective To explore the relationship between the activin A receptor like type
1 CACVRL1) gene polymorphism and the response to bevacizumab targeted therapy in colorectal
cancer (CRC). Methods In total, 254 CRC patients admitted to the First Affiliated Hospital of
Hebei North University from January 2022 to April 2024 were enrolled and given bevacizumab
targeted therapy. Before treatment, peripheral blood was collected, ligase detection reaction
technology was used to detect gene polymorphisms of the ACVRL1 rs706819, rs2293094, and
rs1169953 loci, and a chain imbalance analysis was conducted. According to the treatment

response, patients were divided into effective group and ineffective group. The general
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information and genotype distributions and allele frequencies of ACVRLI1 rs706819, rs2293094,
rs1169953 loci were compared between the two groups, and Logistic regression analysis was used
to explore the influencing factors of ineffective treatment in patients. Real-time fluorescence
quantitative polymerase chain reaction (RT-qPCR) was used to detect and compare the
expressions of ACVRL1 gene in cancer tissues of patients with different ACVRL1 gene
The proportions of AA genotype and A allele at the rs2293094 locus of the
ACVRLI1 gene and the proportions of TT genotype and T allele at the rs1169953 locus of the

haplotypes. Results

ACVRLI1 gene in the ineffective group were higher than those in the effective group (45.10% wvs.
21.18%, 62.75% wvs. 45.07 %, 52.94% wvs. 26.60% , 69.61% wvs. 50.25% , P<C0.05). There was
chain imbalance in ACVRL1 rs706819, rs2293094, and rs1169953 loci, and the patients were
classified into four haplotypes. The ineffective rate of bevacizumab targeted therapy in patients
was 20.08%. The results of Logistic regression analysis showed that stage IV, undifferentiated
status, and ACVRLI1 gene H1 haplotype were all risk factors for efficacy bevacizumab targeted
therapy (P <C0.05), while ACVRLI1 gene H2 haplotype and combined synchronous radiotherapy
and chemotherapy were protective factors (P<C0.05). The expression of ACVRL1 gene in
ACVRLIHI haplotype patients was lower than those in the other three haplotypes (P<C0.05),
and the expression of ACVRLI1 gene in H2 haplotype patients was higher than those in H3 and
H4 haplotypes (P<C0.05). Conclusion The H1 haplotype, stage IV, and undifferentiated status
of the ACVRLI gene are risk factors for efficacy targeted therapy in CRC patients, while the H2
haplotype of the ACVRL1 gene and combined synchronous radiotherapy and chemotherapy are
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protective factors.
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P E L KO A 3 Bidh 1AL B4
WIZE R RE 1 3 3 AR,
122 ACVRLI EHZAMRN FARBEHT
TG TT T ECANE L 3 m L SR FH 3% 2 Bl A I s iy B R
Kl ACVRLI1 rs706819,rs2293094 ., rs1169953 i

B EEE VAR R BAR AR AL IR AR 1 L 27
PP 2 p L BEIR R 0.6 pL IR BE A = W IR
2 pL A HE IR R AW 0.2 pL. BRI 45
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5 65 C 10 min, B M 58 HL UK 5 0T 2R 6 i 5
FRL P AT ik . MRS H YRR R AT K
FR LR 28R 5 AT 22 % R I s N L I AR
RGO 1 pL R OB R R A T R
0.05 pL R EE R EMEE M IRG Y& 1 pl.
REBGHEE SN =Y 4 p LB aliK 4 pLs R AR
95 °C 2 min,40 ME¥R .94 C 15 5,50 C 25 s, X
I 56 S 2R I 3 A (3& [E ABI 23 v 3730XL A
HEAT I 53 Ay R A 5 PR A

123 A4 ACVRLL SEH FIRKGI R H SLAF
O E 1 IS WEEE R AT . R A R R VRS
RS 513K, 1 IO Ot S A W A% R O i A7 S e ik A
F Primer5.0 {4 % 31 ACVRL1 &K i FF 751
Y .5 -CTAGAGCTAGAGGCTAG-3', Fiif:
5-AGAGCTATGAGAGCTAGA-3), W & X
B-actin ( |k §if: 5'-TTGAGATCGAGGATCGA-3',
T . 5'-CGGATAGAGCTAGAGCTAG-3"), ¥
B : 95 C 30 s.40 MEH (92 C 10 s.74 C
45 ),/ JG 54 °C 5 min, & 2744C,

#£ 1 ACVRLI EESI#ER
Table 1 Primer information of ACVRLI1 gene
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. *I N . . A= E. Y, p
UGy Trizol (& Tnvitrogen 23 F]) . H A 4% it rs706819  5-AGAACTGGAGCTTGCAGACT-3’' 212
BB R, RSN 6 i (32 [ Agilent 2y 5 GGAAGATTTGGTCCTGATGTCC-3'
A, Cary50 ) I B Wi A% BE B TR AR i 260 nm 5 rs2293094 5'-ATTCCAGTGACCAGAGGACG-3' 246

\ 5'-AGGGCAGTGAAGAAAGCTCT-3'
280 nm &b By G =& JE T _ P iR
A i s AL TR A L AR A A5 R AE rs1169953 5-AGGTACGGACAGAGGATCCT-3' 190
N T =N — N == YH- 4 .
1.8~2.0 JE L B wr ik by 5 W 75 47464k, Primer 5 GTGGGATGGGATGGAGAGAG-3'
5.0 online Wi 51 ¥ FA . FEAIfE B WE 1, B &R
%2 ACVRLI EERFIIER
Table 2 Sequence information of ACVRLI1 gene probe
) T 1% BRI
e R A AL 75 B
KB (bp)

rs706819-modify P-TCAGTCTCATCTATTCCTTATTTTTTTTTTTTTTTTTT-FAM -
rs706819-A TTTTTTTTTTTTTTTTAGCCTATATCACAGCTAACTTCT 77
rs706819-G TTTTTTTTTTTTTTTTTTAGCCTATATCACAGCTAACTTCC 79
rs2293094-modify P-ATGTGTGTCTTCCACCATCCTTTTTTTTTTTTTTTTTTTTT-FAM —
rs2293094-A TTTTTTTTTTTTTTTTTTTAGCCTCCCCAGGCCGGCATCTT 82
rs2293094-G TTTTTTTTTTTTTTTTTTTTTAGCCTCCCCAGGCCGGCATCTC 84
rs1169953-modify P-AAAAAGTGGCTAACAATAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT -FAM —
rs1169953-A TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGGAGAGGGTTTGAGGTGGAAAGG 112
rs1169953-G TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGGAGAGGGTTTGAGGTGGAAAGA 114
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B kb4 /N30 06, 5 H bR kR B R <20 20) 5 i
(AR 2E R A B AR A3 K> 20 06 58 BT &E)
LA TER; @ KR A R AL 5 TC R 4L 1 — i 5 R &
ACVRLI 7 45 JE X 8 43 A7 | 55 or 56 R A %6, —
PR HE M B A R I PR A B L o AR
& RYT O @M BB AR BT IR YRR
A

1.4 itz k3 W Haploview 4.2 {4 X}
ACVRLI #5007 s PR 22 25 1 947 3% AN SF- 15 43 7
i ] SPSS 21.0 e+ A4 Hr gk . 1Bk 38
SR X K5 s o BEORE H R T A ST B AR ¢ K G
BRI 4T SNK—q 36 R E M £ W &
Logistic [543 87 i 22 8 & VAR HTIR T I8 5%
Wi R 28 (728 97 16 5 3O Forward) . 38 5% 45 78 it Y

FCAH L Codds ratio, OR) #1 95% & {7 X [H] (95 %
confidence interval,95%CI) , 3+ F) FH 7 22 I Ik R F
HIME A REW ZEILEERE, P<<0.05 K
ZRAGI#E L,

2 % ES

2.1 BHE DR PURE ) 3R 97 SO M 2 20 A OG B R
He# 254 ) 835 T 3 58 2 G g 50 B E oy 92 i
153 ] K& sE 33 ) pEJR 18 i, A &R N 79.92%
(203/254) TERUHH 20.08% (51/254), M5
AR ML AR Y. R 7 B ACVRLL g
rs706819 i i K& DX A4 3 Ay 1 45 o e PR A31 6 2% S 1y
TG T2 L (P =>0.05) s TTRCA G IR 43 1 IV 8 ok
K431k . ACVRLT I rs2293094 o7 &5 AA Fit [H 7Y
5 AENFK ACVRLT £ A rs1169953 {7 4 TT
FLHALY T SE07 36 7 Y T A sl B A TR AR
ALY AR FARA, ZR A5 E X (P<
0.05), W% 3,
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Table 3 Comparison of relevant data between effective and ineffective groups

50 RIS, %00 e 98 A7 5 (451085 %) I A 43 38 (B, V60

21531 B oy m AERY (Fts. ) s T I T
TR 51 22(43.14) 29(56.86) 63.1049.57 21(41.18) 30(58.82) 9(17.65) 42(82.35)
g 203 87(42.86)  116(57.14) 61.58£8.16 78(38.42)  125(61.58) 92(45.32) 111(54.68)
X2/t {8 0.001 1.147 0.130 13.032

P 0.971 0.252 0.719 <0.001
15 o S AE R BE (BB, Y0 1A 825 Ak 7 (B, 7o) ACVRLI % rs706819 o7 s 3 PRI (il %, %0

RAL 1 s sk = i AA AG GG
TR 51 24(47.06)  27(52.94) 15(29.41)  36(70.59) 10(19.61) 23(45.10) 18(35.29)
R 203 41(20.20)  162(79.80) 95(46.80)  108(53.20) 35(17.24) 87(42.86) 81(39.90)
X2/t 8 15.445 5.018 0.157
P4 <0.001 0.025 0.692
4131 % ACVRLI1 3P 152293094 {7 53 5 K B (%0, ) ACVRL1 2:H rs1169953 fir 4 5 [ % (5, %)
AA AG GG ccC CT TT

T4 51 23(45.10) 18(35.29) 10(19.61) 7(13.73) 17(33.33) 27(52.94)
A 203 43(21.18) 97(47.78) 63(31.03) 53(26.11) 96(47.29) 54(26.60)
X2/t {8 10.910 11.835

P {H <<0.001 <<0.001

ACVRLI #£ K rs706819 fif fi ACVRLI1 FE[H rs2293094 o7 4 ACVRLI1 FE[H rs1169953 i 4
251 1% AL G %) AL G %) AL G %)
A G A G C T
P 51 43(42.16) 59(57.84) 64(62.75) 38(37.25) 31(30.39) 71(69.61)
Gl 203 157(38.67) 249(61.33) 183(45.07) 223(54.93) 202(49.75) 204(50.25)
X2/ A 0.415 9.495 12.308
P {H 0.519 0.002 <0.001

2.2 ACVRLI B[ 3 A 3 WO -6 70 A X
ACVRLI1 B 3 A7 i 1Y 22 35 1 47 8 B0 7 i
S M. & B rs2293094-rs706819, D' = 0. 68, r* =
0.21;31s2293094-rs1169953, D' = 0. 74, r’ = 0. 33;

rs706819-rs1169953,D'=0.52,1* =0.12, & /R = #
TrESEREMA M, 3 — 2317 AR A 4387,
~ HL 5 H2 BR85S y7 806 5% (P<<0.05), L
=4,
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Table 4 Comparison of ACVRLI1 gene haplotypes between ineffective and effective groups

LRSI DL TR AHRECD P4 OR {H 95%CI
rs706819 rs2293094 rs1169953
H1 A A T 28.6 15.2 <20.001 2.24 1.47~3.40
H2 G G T 22.1 32.7 0.008 0.58 0.39~0.87
H3 A G C 18.9 24.6 0.142 0.71 0.45~1.13
H4 G A T 12.4 8.3 0.119 1.56 0.89~2.73

2.3 R DU HE 1) ¥R T RCR 1Y R e [ A by
2.1 F0 2.2 U 22 A Gt 2 A8 R 1E R
H A B ACVRLI JEH 3 AN 5 A7 78 7% BN F
M, WA N AR T 3 AT 5 53 K DUAR TR 1R 9T R
TENHAR R, ZARBENE S5, RHEE Logistic [
A 5347 5 o W R 43 38 IV 9 R AR o A HT B AR
H2 B RV FNEE A 6] 25 Ak g7 34 5 DL AR B b B ) R
TR K (P<<0.05), W3 6; ZH & Logistic [f]
A 53 AT 5 7 5 I R 23 19 IV 3 R A 43 Ak L HT B0 f A
PR AR R PR B IT AR AR K R (P<

0. 05) , H2 FLARBURIHR & [6) 25 il Ak I7 ¥ 02 DU AR e
L EAIT AR A I R (P<<0. 05), W% 7. A&
Z ALK I kB 1 AR 45 B A B ST (5 22
iz fik IR - <<10)

2.4 KT ACVRL1 %t [H ¥ f& B B3 g 4 4
ACVRLI1 3N £k ACVRLIHI #iAR H1
AU ACVRLI A& &G IK T HoAth 3 Fh i fh AL,
H2 JiAR % ACVRLI P F kBT H3 Ml H4
RS, 25 R Bt L (P <<0.05), L3k 8.,

*5 TEWE

Table S Variable assignment

T

I R 43 349 M=o, N#H=1
SRR b =0, KRR =1 BT LN
A [ 26 ik yy H=0.E=1

ACVRLI 2 {k )

PIH3 AZB. V(1) =1J HL. V(1) =0 A& Hl;
V(2)=14 H2,V(2)=0 A& H2; V(3)=1 j& H4,V
(3)=0 A& H4
AR =0, =1

*6 BENKBEREEETURMNPMEZAREZE Logistic B34 47

Table 6 Univariate Logistic regression analysis of influencing factors for ineffective bevacizumab targeted therapy in patients

A [l 5 3 5 T o 1R Wald %2 {8 P OR 4 95 %CI
Ik PR 43 391 IV 348 0.736 0.302 5.939 0.007 2.088 1.155~3.773
KA1k 0.899 0.317 8.043 <0.001 2.457 1.320~4.574
WG R 2 Ak —0.543 0.244 4.952 0.025 0.581 0.360~0.937
ACVRLL J:[H B (L) H3 g2 18D
H1 0.750 0.255 8.651 <<0.001 2.117 1.284~3.490
H2 —0.638 0.207 9.499 <£0.001 0.528 0.352~0.793
H4 0.441 0.408 1.168 0.186 1.554 0.699~3.458
B —10.269 1.632 39.593 <<0.001 — —

R7 BENKBFEEATARHZMEERSEE Logistic B3 5347

Table 7 Multivariate Logistic regression analysis of influencing factors for ineffective bevacizumab targeted therapy in patients

s i EUEERA PR iR Wald X% {8 P (g OR 4 95 %CI
Ik PR 43 391 IV 441 0.745 0.311 5.738 0.010 2.016 1.145~3.875
EN 0.883 0.320 7.614 0.002 2.418 1.291~4.528
TSNP oy & i —0.520 0.205 6.434 0.008 0.595 0.398~0.889
ACVRLI H:H AR (2L H3 Ry 21D
H1 0.769 0.247 9.693 <0.001 2.158 1.330~3.501
H2 —0.647 0.212 9.314 <<0.001 0.524 0.346~0.793
H4 0.416 0.408 1.040 0.206 1.516 0.681~3.373
B —11.368 1.658 47.011 <0.001 — -
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Table 8 Comparison of ACVRLI gene expressions in cancer

tissues of patients with different ACVRLI1 gene haplotypes

(r*s)
ACVRLIH1 ok # % ACVRL1 £ H # ik

H1 % 56 0.15+0.03

H2 # 91 0.85+0.12*

H3 # 73 0.604+0.09* #

H4 % 34 0.6140.09* %

F i 654.620

P i <<0.001

* P{H<C0.05 5 H1 Bl & # P {<<0.05 5 H2 M H % (SNK-¢
56

30 1’

AT DA BT O S WA S W S 45 i —
MIRIT 259, HALA AR A0 78 UFE 52, M 4R T o alifk
I7 DU LR & k)T RE 3R B A RBOR B KT
R A A B R R A A B R T SR AR F 5 v
A 20.08 Y6 19 25 1 o 2B DL AR SRR ) YR YT EAL
LB B = AR S = B S O Nt G (E =i Rl T8
FRAE HGE , T RE S R E R BRI R 22 5
AR DA BB IR YT B USRI RN W SRR G, B2
i OG- 45 B i DUAR BT B8 [ YR 97 52 17 1) 5k PR 4
HLA 4 e = SR ARG IR, B H i [ Z b= &
SE 1 M AR T L T TR 1 7 T ) R B TR S K R
VXTS5 A S X 1 T 9L 2 T T DL AR R A
AT ROR .

AL B ACVRLY 3K 3 AN S A7 1
AV R = E AR AR AR B ALOCHER , 75 2Lk A7 5
TRRL A3 s 45 9 8 B ACVRLL JE [ H1 Bafk 1
rs706819 fi7 pi, A A7 F A + rs2293094 i 45 A 4§
BN +rs1169953 i & T S5 JE K J& 45 B 9
DUAR BB HE ) 36 97 1 fe B B &R L i ACVRLL 3k
H2 2 fK & CH) rs706819 7 A G %5 fi7 3£ P +
rs2293094 i f1 G 3L +rs1169953 fii £ T &
D MR HAR P R . ACVRLL % H #% 58 B 1%
J& i B 1R AR A 5 T S E Ak i 11 8 37 1 = A 28
HAEM. 250 M TGFB {5 5 1 B A 98 25 , if
A5 Smads 77 Az A G 3k PR G 5%, 336 17T 52 0 0l 45
S REN Y, £ TGFB @ g, ACVRLI F
LS5 M8 A SR BryE Y # . # ACVRLI
B D g A ] R LA R T B DU AT S SO0 i A A
T CELFE IS N B A 458 43 W 38 L 5 ke i A8
A IO B B RE G, HE T BOR SR A A . 2 5
i ge A ORI R A T UE S, E 4 B W 9 R

P ACVRL ik 5, H T i2f 22 50 (] 52 i % 42
T T84 il 00 1) 7RI T G 2 R T RO s 5 F o AR
TR R RS E s — 2 DR BT R YT b &
ACVRL1 ik # Jo i [F B # 5%2 FOLFOXIRI fbJ7
& FOLFIRI fLJ7F ¥ 8k ACVRL1 £k & H H
A S AR A7 RN T i J A A (32.7 S ws. 13.5
MALILT A A vs. 5.9 4 A), ##78 ACVRLL # 17
7 PR 98 A S 35CH R 3K T [ W) T 45 0 I RS 1k 4 L
I DUAR BB MR 1) 96 97 38 10 e A A 0 RN G 0 R A A
W1, ACVRLI Bk Ay J& 35 52 DA B BT 88 0] 6 97 1 %
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