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Effect of Axl overexpression on subcutaneous tumorigenesis of gastric
cancer cell lines in nude mice

TIAN Miaomiao, TIAN Zuhong, ZHANG Huixia, ZHANG Ying, NING Siming, NIE Yongzhan, HU Sijun”
(State Key Laboratory of Cancer Biology, Xijing Hospital of Digestive Diseases, the Fourth Military
Medical University/the First Affiliated Hospital of Air Force Medical University, Xi’an 710032, China)

[ Abstract ] Objective  To evaluate the effect of Axl overexpression on subcutaneous tumorigenesis of gastric
cancer cell lines in nude mice. Methods  The relationship between Axl and gastric cancer was analyzed by
immunohistochemical staining. Axl-overexpressing gastric cancer cells were constructed through lentivirus transfection. The
nude mouse model was established by subcutaneous injection of gastric cancer cells, and tumor sizes were evaluated by
imaging of live animals. Results Immunohistochemical result revealed significantly higher Axl expression in gastric cancer
tissues compared with adjacent tissues. Axl expression in the Axl-overexpression gastric cancer cell line was increased by
2. 4-fold. Live imaging of model mice revealed that after subcutaneous injection of cell lines for 2 weeks, tumors constructed
with the Axl-overexpression cell line were significantly larger than that of the control group, and this difference was more
significant after 4 weeks (P < 0.01). Finally, the volume and weight of subcutaneous tumors formed by gastric cancer cells
with high Axl expression were significantly increased compared with the control group. Conclusions Axl overexpression
can enhance the subcutaneous tumorigenicity of SGC-7901 cells.

[ Keywords] Axl; gastric carcinoma; living imaging of small animals; subcutaneous tumorigenesis; nude mouse
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Note. A, Gastric cancer tissue. B, Paracancer tissue.

Figure 1 Axl expression in tissues. Immunohistochemistry stain
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Table 1 Axl expression levels in gastric cancer tissues and adjacent tissues

51 ik Rank »
Groups - + ++ +++ "
B2 Gastric cancer tissues 30 30 34 7 100
<0.001

sl Adjacent tissues 69 27 5 0 101
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Figure 2 Identification of Axl-overexpression cells
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Figure 3 Size of subcutaneous tumors detected by live animal imaging
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Figure 4 Effect of Axl overexpression on subcutaneous tumor formation
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Establishment and application of differential expression profiles of long
non-coding RNA associated with oral squamous cell carcinoma in
Chinese hamster

WANG Xiaotang, XIAO Lanfei, GAO Jiping, LIANG Yuxiang, XUAN Ruijing, YAN Xiaoru, GAO Li, SONG Guohua "
(Laboratory Animal Center, Shanxi Medical University; Shanxi Key Laboratory of

Experimental Animal Science and Human Disease Animal Models, Taiyuan 030001, China)

[ Abstract]  Objective To screen for differentially expressed long non-coding RNA (LncRNA) in oral squamous
cell carcinoma tissue samples from Chinese hamsters and predict their target genes, and explore the biological functions and
enrichment signaling pathways of these target genes. Methods The squamous cell carcinoma model was established in
Chinese hamsters by 9,10-dimethyl-1,2-benzanthracene smear method. The profile of differentially expressed LncRNA was
constructed by high-throughput sequencing technology. Differentially expressed LncRNAs were screened by biosignal
technology and target genes were predicted. Gene Ontology ( GO) and Kyoto Encyclopedia of Genes and Genomes ( KEGG)
enrichment analyses were used to predict the biological function of differentially expressed genes and enriched signaling

pathways, respectively. Results = Compared with normal tissue samples, 54 differentially expressed LncRNAs were
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screened from squamous cell carcinoma tissue samples, of which 31 were upregulated and 23 were downregulated.

Functional analysis identified 73 GO entries associated with oral cancer, and 25 enriched KEGG signaling pathways.

Conclusions Differentially expressed LncRNA in Chinese hamster oral squamous cell carcinoma samples likely play a role

in regulating various biological functions and oral cancer-related signaling pathways by targeting numerous genes, and may

play an important role in the development of oral squamous cell carcinoma.
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Table 1 Top ten LncRNAs expressed in normal and squamous cell carcinoma tissue samples with significant differences

FHFH 5 FH 2R AR log, ( 22 5580 P1H TiE/ A
Gene ID Gene name Mean count log, (fold change) P-value Up/Down
100754872 LOC100754872 14. 018248 8. 082393121 0. 0036 L8 Up
103160606 LOC103160606 49. 86007826 5. 632877073 0. 0000 1 Up
107978163 LOC107978163 4. 842724695 5.59249855 0. 0002 LA Up
103163417 LOC103163417 63. 35730283 -5. 192842783 0. 0000 T Down
103162225 LOC103162225 27. 95139454 5. 060953151 0.0013 L3 Up
103161306 LOC103161306 6. 533238171 4.410781992 0.0010 E3 Up
107979530 LOC107979530 134. 7442638 ~4.303270636 0. 0000 T Down
103161117 LOC103161117 56. 58531583 4.236843984 0. 0000 1 Up
103164378 LOC103164378 241. 3621748 -3.75770965 0. 0000 T Down
103161380 LOC103161380 27. 80938113 3. 608525397 0. 0000 L34 Up
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Note. X-axis represents log, value of differential expression multiple,

while the ordinate represents the normalized P-value of each gene.
Significantly upregulated genes ( | log, (fold change) | > 1) are
indicated in red, significantly downregulated genes are indicated in
blue, and genes with no change in expression are indicated in gray.
Figure 1 Volcano maps of differentially expressed LncRNA in

normal and squamous cell carcinoma groups
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Table 2 Significant differentially expressed LncRNA target gene-prediction results and statistics

JEPH 4Pk THUI ) e R Bk 22 RIKHYESER 44 PR

Gene name Numbers of predicted targets Differentially expressed target genes name
LOC100754872 2954 Odam;; Kif26b ; Clstn2 ; Vill ; Wdr86
LOC103160606 3533 Tfpi2 ; GpreSa; Olrl ; Gpr68 ; Tnn
LOC107978163 3472 Fam19a2 ; Stra6 ; Cxcl3 ; Scg2 ; Mmp 10
LOC103163417 1431 Tepl112;Cldnl ; Cln8 ; Mboat2 ;1118
LOC103162225 1454 Pou2afl ; Pik3ap1; Galnt3 ; Rpnl ; Aldh8al
LOC103161306 2435 Wdr86 ; Odam ; Csn3 ; Adgre3 ; Pcdh10
LOC107979530 3302 Ptk6; Acox2 ; Dgat2 ; Adgrf2 ; Ppplr3a
LOC103161117 3489 Stra6 ; Fam19a2 ; Cxcl3; Scg2 ; Mmp 10
LOC103164378 2216 Ndufv2 ;Smcol ;Clen2 ; Call ; Coq3
LOC103161380 3853 Gprl76;Gprl76;Cx3crl ;Slc2a3 ; Gpro8
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Figure 2 Total GO entries, and biological process and cellular component entries for significant differentially

expressed LncRNA target genes in normal and squamous cell carcinoma groups
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Figure 3 Enrichment of KEGG signaling pathways in target genes with significant

differential expression of LncRNA in normal and squamous cell carcinoma groups
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Microbubble-enhanced ultrasound cavitation combined with
natural Killer cells augmented microwave ablation of
rabbit liver VX2 tumors

HAN Lu', GUO Kai*** | ZHENG Yu', ZHAO Jie', WANG Xiaowu', ZHENG Jing', LIU Honggang’

(1. Department of Ultrasound, Xi’ an Central Hospital, Xi’ an 710003, China. 2. Department of Thoracic Surgery,
Shaanxi Provincial People’s Hospital, Xi’an 710068. 3. Department of Thoracic Surgery, Tangdu Hospital
Air Force Medical University, Xi’ an 710038. 4. Department of Cardiac Surgery, Xijing Hospital,

Air Force Medical University,Xi’ an 710032)

[ Abstract] Objective To observe the exact effect of microbubble-enhanced ultrasound cavitation combined with
natural killer (NK) cells on microwave ablation of rabbit liver VX2 tumors. Methods Forty rabbits with VX2 liver tumors
were randomly divided into five groups ( eight animals per group): microwave ablation ( MW ), ultrasonic cavitation

(CA), NK cell injection (NK) , microwave ablation plus ultrasonic cavitation and NK cell injection (MW+CA+NK) , and
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blank control (BL). Each group was administered their respective treatment intervention. Two-dimensional and contrast-

enhanced ultrasound imaging techniques were used to evaluate changes in tumor volume and maximum diameter 10 days

after treatment. Tumor blood flow was evaluated by contrast-enhanced ultrasound imaging after treatment. Results Tumor

volume and maximum diameter of the MW+CA+NK group were both significantly reduced compared with other groups 10

days after treatment (P < 0.05). In addition, blood flow of the MW+CA+NK group was significantly decreased compared

with the other groups (P < 0.05). Conclusions

Microbubble-enhanced ultrasound cavitation combined with NK cell

could significantly enhance the effects of microwave thermal ablation of rabbit liver VX2 tumors.

[ Keywords ]

ultrasound imaging; rabbit
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KA YR T 14 d 5 TR, S T R
TERSAR 1R X, KR R
1.3.2  NK #3555 XA H4L

SEAR NK A0l F & 109% 64 L35 , NK 21
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RSN Je s 8 R/ 5 R LN B i R,
WK FET 37°C,5% CO, 4 Bs R4, B aead i
HREIR T NK 4t A %%, >4 44 i %35 B2 7E 80% ~ 90%
B HEATAE AR A AR IR B - 5 1, K A i s 5 ™
51000 r / min B5.0> 5 min £ FIE I PBS H & ffi
FH Cell Counter model R1 H S 4RI T15%, AL 2k &
H2.5%10° 4>/ mL,

1.3.3  Ssh¥ vX2 M+ B0 ik

Voo 988 B 2 - 2% i K R B 3% I B 2 (1
ml/kg) PRIEE 22 J5 . MW 48 75 51 5 R it ot
ZERA PR NS BT IX IR YT )38 30 W, R BB YT 1
min, [A] 8K 1 min, [F] I A VR T4k o2 AR IR
JRIT 10 min; CA 4. R B LKL H A 8 mL,
SonVue 0. 8 ml/min, [F] B H B 7 1697 8 3k #4728
A48 BEYE YT 10 min ( Flash #2202 % 100%) ; NK
H . R FGAFEE A 8 mL, NK 4012 0. 8 mL/
min, [F] B 75 3 7 4 Sk T8 25 A0 R BROR IT 10
min; MW+CA+NK 21 . #7455 5 T R B 28 A
g 52 R IX AV T N3 30 W, SR IUAYF 1 min, A8k 1
min; 2R H 252 A 8 mL, SonVue 0.8 ml/min,
(] B FH 8 75 36 7 7R 3k R 47 25 A6 4R BRIA YT 10 min
(Flash #2014 100% ) 5 AR R K i )5, & H-
GHFEEA A 8 mL, NK 4 0. 8 mL/min, [A] i FH
MR O IS AL R BER YT 10 min, 25 (4L AN
TAEfTAb R, & AR R IE T H R 2 mL,
I TFARIE 10 d 2 3EEhY
1.3.4 JPE0Em

(1) 4B MR IRYT RS, WA MR IE S |
(VA 1B = e o Wl N o= 1 = - = N L
W =m/oxEfitex I xR,

(2) #8238 ) 1l 37 5% ( Color Doppler Flow
Imaging, CDFI) il 7 & 52 ( Contrast Enhanced
Ultrasonography, CEUS) 3&¥7 R )&, K H CDFI #E4
I8 PR I3 53 A, 532 0 . R UL BH S Il A5
T2 ] DL ASCIR IR AR 55 T % JE BRI 15 55 T
% R M5 5. CEUS B8 %6 B 8 e K )
AT, [k, 28 B ik L AT 1 95 1 59 SonVue
(0.2 ml/kg) B2 7355 2 mL A= #ER K wp 48, [R] B
A Eh AR IS . R CEUS PR AT A 45 41
Jfr e PN IALIAE 434, 43 9% 0 9% To MLV T 5 1 9. N
FCIR MU ERE V5 10 2. B %R L daE 8 3 5 TIT 9. I
TROIR M PEE 1, WER 45 R S5 1 52 R,
JeR fre AT 1T W) S e g e KA

1.4 SiFEFRE

SE RIS T SPSS 22. 0 B0k, T Bk LT
PR bpifi2e (x x5 ) R, SEHHT i MbRg (R R K e
KA R AR 22 5 22 00 B, T HBOSE R L3R
X* K556 ( Chi—square) , L P<0.05 22 %6 4811 2%
B,

2 HR

2.1 %AF VX2 gL KT
2. 1.1 HEIK R S AR A,

ARHT, B VX2 HTF 9 28 B fIK 1m0 75 45 15 (R 2
A) o ARAT AR IARFUE I B 5t 22 R (P>
0.05),10 d J§ MW +CA+NK 4 5 H A2 AH b4, b
FERTREA .45 /N (P<0.05, 81 1A) . MW £ NK 21
AR JG IR AR R /N T BL 4 ( P<0.05, 81 1A) ., CA
H5 BL ARG RIS 2425 (P>0.05)
2.1.2 CEUS =453

LA B R AR50 MW +CA+NK 44 (1. 29
+0.34) em, MW 241 (1.41£0.54) cm; NK ZH(1.54+
0.38) em, CA #H (1.55+0.33) cm, BL 24 (1.31+
0.25) em, KA AR RKBELGITEZF (P>
0.05) s RJF I RAZ5 51 MW +CA+NK 4 (1.35+
0.41) em,MW 41 (2.49+0.36) cm,NK 20 (2.53+
0.76) cm, CA 4 (2.63+0.58) cm, BL #H (2.84+
0.56) cm, MW+CA+NK ZH A J5 i K /N T HAb &
#H(P<0.05, 1B) .

2.2 CDFI i i& 77 Ja b I i

Gl VX2 g i 7 S R sl 2 s, R
FH CDFT WL 36 7 15 45 20 Fi 9 i 37 8 32 , 2] O =
B IS (B 2C) ,IRYTHT CDFL 3144 % 28 i
M E 2R TG 2# 8 L (P>0.05), A7),
MW +CA+NK 21 6 il i i 7 XA UL BH % 68 i 3
55,2 B TEIR T X i 2 B0 SR BR A7 I3 ( P&
2D) s &G0 T Tl W MW +CA +NK 241 A J i 7% B
IRAG, AT B R L (P<0.05,% 1)

2.3 CEUS 0 i&8 9T 5 Bh e i i i

IRYTHT CEUS /n 4§ Al el ies | /s o £ &,
B RS, I EL 3 B R I PR AR (7« ek R
WA, JRYTET CEUS VA4S 5 4 M8 il 37 3 78 G
Gt 2257 (P>0.05) . IGIT ) , £ A R LR
VRO (£ 1, 3), 2500l 1L MW +CA +
NK A il 3t B S 9 1%, HA 0 2 422 2 L (P<
0.05)
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A 2= B 5

= ¥H7 I Before reatment = AT Before treatment
mm {197 G After treatment g == RITRE After treatment
]
e
EE
o
X
5 L. 5
0=
=
()= ; :
NM+CA+NK MW MK CA BL NM+CA+NK MW MK CA BL
L Groups 5 Groups

T AR IARRL B AR R AR
1 ZH4ERHRE S K CEUS &5 VX2 JIF IR AR FT M ARG (KB e KR4k
Note. A, Tumor volume. B, Maximum tumor diameter.
Figure 1 Changes in volume and maximum diameter of rabbit VX2 liver tumors before and after

treatment as measured by two-dimensional ultrasound and CEUS imaging techniques

T A IRYTHT, IR B PSR R 2 AR BRI 7S (3% ) 5B IRYT R, IRIMEE FE 7R T Rl X A R R A3 A LR IR 1A (3% ) 5 C R
YT, CDFT /R IS8 IR ML A5 5 (§53% ) s D IRYT S , CDFT /R TH L X P MU A5 5 2%, 30 2k T WLak 8 SR L A 5 (R sk ) o

2 MW+CA+NK A VX2 Ifiaif i s A
Note. A, Heterogeneous and hypoechoic echoes of tumors before treatment revealed by two-dimensional ultrasound (arrow). B, Rough
punctate strong echoes in the ablation zone after treatment revealed by two-dimensional ultrasound (arrow). C, Annular blood flow signal in
tumor before treatment as indicated by CDFI (arrow). D, Blood flow signal disappeared in the ablation zone, but residual points of blood
flow signal were visible at the edge of the tumor after treatment as indicated by CDFI (arrow).

Figure 2 Ultrasound images of rabbit liver VX2 tumors in the MW+CA+NK group

&1 CDFI J CEUS WA A1IAYTIa VX2 a1 I I3 A AT
Table 1 Distribution of blood flow in VX2 liver tumors after treatment as assessed by CDFI and CEUS

CDFI CEUS
20 51
Groups 0% 1% I %% I %% 04 14 1843 11 %%
Grade 0 Grade 1 Grade 11 Grade IIT Grade 0 Grade T Grade 11 Grade TIT

MW+CA+NK 6 2 0 0 7 1 0 0

MW = 0 1 4 3 0 1 5 2

NK 0 1 2 5 0 0 3 5

CA * 0 0 4 4 0 0 5 3

BL = 0 0 1 7 0 0 0 8

TEAPRUMRA BN . SR RBE MW+CA+NK A8, * P<0. 05,
Note. Results are expressed as the number of tumors. Compared with the MW+CA+NK group in the same time period, * P<0. 05.
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T2 A MW+CA+NK LG XS TC B b 7 7 3 B MW IR YT X8 30 77 DL /34 < s50HR ™ il 3
HETE (73K 5 CoNK ZHIAYT DXCIRT UL g oh O 3R “ 400K ML G T (357 3% ) 3 D2 BL 4HIRYT IX.
0T LR PR < AR R (#E k) .

3 CEUS WA YT HIG byggvayr DX i i o8 i 5]

Note. A, No obvious blood perfusion was observed in the treatment area of the MW+CA+NK group. B,

A few “dot-like” signals indicating blood perfusion in treatment areas (arrow) of the MW group; C,

“Stripe-like” blood perfusion (arrow) in the center of the tumor treatment area in the NK group. D.

“Slice-like” blood perfusion was observed in the tumor treatment area (arrow) of the BL group.

Figure 3 Tumor blood perfusion before and after treatment as evaluated by CEUS

3 it

R 515 T B RlG YT B8R R Tz 0
A ESZ R RN Az A DR R S R BOH RS
(SN R RN - NS S E S5 il 2 i DA
TEFCH AR A 3 IR A B S T AR K R
Jee o Horb | Hy S PR A0 B A 5 PR I 4 2H 1) A
WA R PR AR, MR RO SR 2 — 2
Toft S I A0 A LA P T R 52 2 55 Rt , W I
TR R R TS AL, SRR RE 2E1E
BRI 2 2 SR RIE RV, 5 R AE R I
JifvIEg et R SRR AR B DD G ARl it o3 W 3R B AR K
“F (epidermal growth factor, EGF) | Ifil /)M 475 A= A -+
F TGF-B 4540 g PR -1~ 12 e 98 200 e 448 3 AN A7 35 , OF
REAR ML I 45 A B A5 . Granot BFFTUESE™
JifrIe o 2 1% 3 6 A NK 20 it 6 0 3% 5 4 i i
MHC- II ( major histocompatibility complex class Il )
ik PR R AR G E R M2 Bl M1 BUERAR, 1
IR AR DG F W 20 i M1 R f R [RIR  Ak

A9 NK 21 it 433 IFN-y (inerferon-y) , IFN-y #f — >
PR BN MHC- I 3R 3k | 39 5% i g B8 455 1) fe
PEHIE LT S R R MRS BE T NK 20
By b A K AR AR AL 35 NK 41 9 D e
W45 PP 0 3 R s UIDAR OGO R i R A
MRS TEARR S Dk R AT O A R 25 A%, 155
A, 51 AR T 40 i S 2L, [N G
VAR T8 B 605 07 e S 6 A0 L A R 2 i R 3 1 1
Bt ARG S G ST S VX2 T R AR B
Tl P e  [i]) Efie 7 ES 1)  TR A 0 e e 284
WA N B2 2R G g 1, I BEL W7 e 9o 4 28060 3 A= 1
UYL K NK 0k F T AL 4R NK
AR, i NK A AT Y 09 Lo 91 2% 4 5 1R 1 R
PR A A, Al NK i RE RS B PRk AR S b0y
ST P SR GIA5 300 % b R P 455 110 S g2
il , e 2 A T S AR B L N TSR R B, SRR
il P i D P A B 1 AN S T e AR el
AL NK 4, IFN-y  TNF-a 25 7K P56 57 Fi
BERE EPESR I NK 4 AESUR R BT



R P R A 2R 2019 4F 11 A48 29 45 113)  Chin J Comp Med, November 2019, Vol. 29, No. 11 21

e by O FE L A €, PUHCVE R 5 00K G i
WAk, B AE AT gk e BE IR 9T (adoptive  cellular
immunotherapy , ACT) 45 H Ry (9 b FH A5, H ik
FAREARAFE R R 4l =5 1 NK 20, i NK 41 i
FEGPBEIGTT W N 2 30 T BRI AREIRIT 4G
RERIIRIT G NK ARFUE BL 41/ 1.9 £%, CA
ARFEE BL 4L/ 1. 3 £5, MW +CA+NK 4 IARFEE
BL 4B /N 7.2 7%, BiBE T ACT Y7 k3 NK
20 B S A mT A o) Py 3 T B B A
S 23 AR RGN T LA REL U b3 i 2 il A JR TR Rk
4 85 T A R ot e 9 1 A K 5 T e T R T
WA TR, [R5 7 NK 400 ACTiRYT )R , 38
BTGV RPN 5 G RN 2 IR YT Ik
GVER TR, k45 45 A B A Ak ) ok R
K,

ARMWFFERH CEUS 2 1 e fe K A% 5 IR B il
7 0 S e A R 28 S A [A], MW+ CA +NK 2 /R FH
I KA 45 2 WA, 75 3 5% 0 E TR T i 4
JEE P AN ZH A0 i i) iR 1) AT SR BB 4 4
ER LU 43 5L, Al 25 ST SRS B, PR A Al
A IUESE MW +CA+NK 21 7] A4 53 il g A= 4

WL CEUS PFUMIAYT 5 45 4 I i B v 25 28, vl
UL MW +CA+NK 25845 5250 20 i 3t B SR diAIG . Higy
BHLIBITIR BT 3 BILL B« 504k < Rk
MLFHEE ; MW+CA+NK 476 3A 7 S AU B 1 4 o5
R M RE T, HE Ay 7 X TG IR S i v v 10 PH
MW +CA+NK 410 A5 %0080 T e sk 4y 76 R
M FRE 75T, CDFI Al CEUS ¥ 7] 7R 5% 4% g iy
TR I R O, AR AT Rl A T S AR R AR OF
32 Jfyea 7 " R i 38 3 (9 52, CDFT X460 AR J5
BR A IR 4 4 I 3 T8 T MU AR, CEUS *f
I 30 78 T A A AURR, AT S s AT AR T I SR A IR
A2 R I A R R B K, TR CEUS X F AR5
TEAG 5 A e B A A

L5 LTI AR Y S ST R VX2 R AR T R
FHC TH il B 588 S 23 LB A NK 40936
37073 AR S VX2 iR A K D R AR A
HX5F e A A R B S it 1 9, Ay a2 ARG il
P % BA B LB M, Ry v R Rl Ak TR S B
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MRFLRAE TR L RTELE
VRN R

(LTS —BEBE, WIVE 0 3150005 2. /RUEEERI K MRS PUBE G  IAJRIE 150001 3. F40RI 0 4
BRI e 4 TSN, L5t 100850)

[WBE] BHE (= AEE s LA /N R A JFE R MR I & H A IEBS . 773k ¥ 80 H 14
~16 H&1Y C5TBL/6 HErE/NEBENLAN A 4 20 (fIKF 5 DEN 41 #5774 DEN 2 DEN+CCL, 2 X B2H ) (54 DEN
2H /)N BRUVE s VR SR R 25 mg/kg B . 236 T fiE % ( diethylnitrosamine, DEN ) 43 ; /=57 i DEN 2H /N BRUIE I 3 B vk
&K 40 mg/kg [ DEN 443 ; DEN+CCL, 41/ BB FEE ST 2 mg/kg 19 DEN Ge 8, 95 J] 5 % 20% Wk )3 1) D4 & Ak fi
(carbon tetrachloride, CCl, ) #% 5 mL/kg 7 i 5 B 90 /N B, B JE 262 2 AL 16 J8 X IRAIAS AR b3, SRil454d
AN A B, 45 2H /N BRTE S AR AR 55 24 JRI 5 VPR I 0BT S50 Ak B0 S0 IR, B 4 45 201 B0 A 0 X0 i A 5 I B b
JREAY & AR IF A I I8 A 43 TR % & ¥ ( alanine aminotransferase , ALT ) | 75 ¥ %% & fifi ( aspartate aminotransferase
AST) | IR RIS BEME 5 14 73(Golgi protein 73,GP73) LUK H i 2 1 (alpha fetoprotein, AFP) /K, &R 5%
TRAAALL, =N S2B 4189 ALT (P<0.001) (AST(P<0.001) ,GP73 (P<0.001) ,AFP ( P<0.01) JhJi & H4 % (P<
0. 001) AR H B E 3N (P<0.001) , #1EEBR A 24 J& K5 DEN 4/hESET- RN 15% , fFE &R RN
35% ; 37 DEN 2H/NRIET- 3N 30% , i & 2 %N 86% ; DEN+CCL, 41/NBRIET-3H 20% , T K 23N 56%
X HRA /N TAETE R BB . 8518 & SR s B ik 38T LS st A7/ BURHE A, (H = 75 & DEN
HFI T O S A PR FA B RT A S A [R] PN BB A e 3 A v R AR R AR /N BRI R T I S AR Sl /N ROV
MR T st

[8EiR] RN /NS, — WA I ; DU SRR ; b1 ik

[FESZES] R-33 [ cEf#RIREE] A [ XEHE)1671-7856(2019) 11-0022-06

Establishment and optimization of a mouse model of primary liver cancer

SUN Zhenyu'*, WU Hongbiao', LIU Ning’, XU Yingi*, ZHOU Jian®, CHEN Xuejian®, WANG Wei’,
XU Lishan®, YUAN Danping'*
(1. Ningbo First Hospital, Ningbo 315000, China. 2. The Fourth Hospital Affiliated to Harbin
Medical University, Harbin 150001. 3. Institute of Bioengineering, Academy of Military
Medical Sciences, Academy of Military Sciences, Beijing 100850)

[ Abstract]  Objective To establish a model of primary liver cancer in mice using three method , and to compare
their advantages and disadvantages. Methods Eighty male C57BL/6 mice aged 14 - 16 days were randomly divided into
four groups: control, low-dose diethylnitrosamine ( DEN) , high-dose DEN, and DEN + carbon tetrachloride ( CCl,). Mice

[BE&£TH ] HZEARRERESRHBTH (31670761) ,
[MEEBN I AMRTF (1993—) , B B2+ AEBEEE I, E-mail: 1105519047@ q.com
[BIEERE] R BT (1964—) 5 ¥ #% , FAEBEIT, E-mail: yuandanping1964@ 163.com
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in the DEN+CCI, group were intraperitoneally injected with 2 mg/kg DEN, and then two weeks later CCl,(5 mL/kg, 20% )
was intraperitoneally injected twice a week for 16 weeks. The control group was not administered any treatment. Mice in the
low-dose DEN group were injected intraperitoneally with 25 mg/kg DEN, while mice in the high-dose DEN group were
intraperitoneally injected with 40 mg/kg DEN. Survival curves were generated for mice in each group. Twenty-four weeks
after establishing the model, mice in each group were anesthetized and sacrificed, and the liver was dissected. The
appearance of liver, incidence of tumors, number of tumors, and serum levels of alanine aminotransferase ( ALT),
aspartate aminotransferase ( AST), Golgi protein 73 ( GP73), alpha fetoprotein ( AFP) were measured. Results

Compared with the control group, ALT (P < 0.001), AST (P < 0.001), GP73 (P < 0.001), AFP (P < 0.01), tumor
incidence (P < 0.001), and tumor number in the three groups were significantly increased (P< 0.001). By 24 weeks
after modeling, three mice in the low-dose DEN group had died, while six out of the 17 surviving mice developed liver
cancer, Results ing in an incidence of 35%. In the high-dose DEN group, six mice died and 12 out of the 14 surviving
mice developed liver cancer, Results ing in an incidence rate of 86%. In the DEN+CCI, group, four mice died and 9 out
of the 16 surviving mice developed liver cancer, Results ing in an incidence rate of 56%. All mice in the control group
survived and no liver abnormalities were observed. Conclusions  The liver cancer mouse model was successfully
established in all experimental groups, but the high-dose DEN group exhibited obvious advantages with regard to successful
establishment of a primary liver cancer model with high incidence and stability in a short period of time. Our result provide a

new method for the establishment of a liver cancer model in mice.

[ Keywords)

21 g 982 (hepatocellular carcinoma, HCC) i i
(0 i A b eE |, AR e R A 50 200 Ak
WA HCC '™ HCC 2 Hh— R G A s B IR U
R HAWAR G 2R 1 0 i B TR M PR S H I
i A B I A RE AR R R A O] RS Y A8 M o 2 R
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Az R T R B L i) i b 22 i H R R B9 sh
PR % H /B ( BALB/c ,C57BL/6 ICR) , H
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252 At 16 Ji, XHHRUR T YA B R SRR BT M
REPOK G LB A R 47— 3, EREBIRY S 24 JA4E
HP R P DAIT 2592 Ak BB 45 2 /0N B, 5 I R, TROAS A
A0 IR RS I R A T -80°C kAR h 4 1, Tt
BEAS LRI 19 1 0, Jie 8 %) 2 A= 38 e Jie g 1) 70N
HHEE,
1.3.2 2% 45256 /IN BUAY A 35 IR 28 B 3% I []
k=3

25 20/ INEREAR e LS /N BRI AR T A O, An A /)
BAET, TR0 6 T ], 2l 77 1% h £k | b
KHES,
1.3.3 /NEUMTE ALT A1 AST #9460

TETER 0 2F 24 Jif) 2 v JpR T T 291 125 b BB 45 2 /)N
B, WO M RARAS I B T 37°C I AR R 30 min, B
S B /N BRI 2000 ©/min B0 10 min PLI
IR BRI , 43 S 100 pL /N BUMIE FECA EP
R IS AL O 6 2 b B R R B 2R by
B, il 4 A Sh A Ak o AR
1.3.4 /NEUMTE GP73 AFP YA

PR O1L303 kU R /N B o EROR
GP73 AFP [ ELISA 35 &, (R &1 26 i BRI v
1 GP73 AFP 1Y 3% 35 7K F- (il 36 S 2 W B 2 R )
ELUR AR T T A G AR G U B TR
1.4 FitEHZE

SIS E BRI R SPSS 22. 0 # i AT e 1T
ST, Hodp A A 4 4d FH Log-rank & 563E47 5047 5 31
T GORH P BRI 2E (% 25 ) R, ] ¢ 1
B HEAT 4307 5 THECGORE A 8 R O R e AT 3 AT
PL P<0.05 2R EAGIFEE L,
2 #R
2.1 BAMRMEGFEHESITSHH

AAF IR ST TS IE] A 24 J8 IS BT 4R T 2

5524 GRS, 1 Al ARG DEN 445 5
Mt DEN 21/ DEN B 5 s a6 i 1 6 N4

TOREE LR 2 B EH E 5 24 W4 /N RILT JIE
T2, 1 DEN+CCl, 41/NRAEERINTCAET, H 2 1
BE 4 R 2 B LT % (P<0. 001)
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Figure 1 Survival curves of mice in each group
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215 DEN+CCl, 41/ U r9 2R i e ey, 4 1
%R /> TR i DEN 41,
2.3 HHEMRMMEEHERMEL SRR

HUAS45 A1/ R REAS J5 6 I 0 e 45 B & kA
KT, A 3 FER 6 R /N U C i A4 1
JgE A Rk 0% K5 DEN 2H/N RO HR 7] il 9
Qb g | P % 2R 35% , al DEN 40/ BUIFIA
AR AT UL O Abfed |, 9 %2 A2 28 R 86% , DEN+CCI, 4H/)s
SRUH IR AT U, 20 Ak fibieg | -8 A2 3800 56% .,
2.4 RAMNRIMFE ALT AST AFP GP73 B R i%
KF

FEREA IS 24 JRIAbAEAS /N RS LV b A Je
A3 I%E /NG ALT AST (AFP \GP73 Y2k /K1
ke, gk 1 iR, AR i DEN 41 5 7 i DEN
2 . DEN+CCI, ZH/NRIIILIE ALT AST AFP .GP73 3%
PRIKOF- 3 35 5 T B 2H (P<0.001) . ALT 5 AST A
DL B T 9 PRI R BE , AFP 55 GP73 2P Y
PSR AR, LA I S8 v % B2 S8 T e e i
TSR, (EARE = 12 GP73 £ 7 & DEN 41/)
BRI TR ZR 7K AR o B
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Figure 2 Visual observation of liver specimens of the mice in each group at 24 weeks after modeling
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Figure 3 Number of tumors and tumor incidence in each group of mice

K1 HH/MRIMEH ALT AST AFP GP73 AURKKFE( % s, n=20)
Table 1 Serum expression levels of ALT, AST, AFP, and GP73 in each group of mice

2
A5 ALT(U/L) AST(U/L) AFP(ng/mL) GP73(ng/ml)
Groups
Xf B
11.32+£1.92 7.15+2.30 0.72x0.20 4.10x1.06
Control group
fIRF4E DEN £ -
Low-dose DEN group 43.30+1.61 44.42+2.01 6.04+0.53 137.30+14.64
#5577 DEN 28
IRy R e s o sk
High-dose DEN group 60. 06+5.25 71.64£6.20 6.61x0. 44 205.52+9.71
DEN + CCl, 41
39.63+£5.94 43.55+1.67 4.52£0.49 103.51£15.07 "

DEN + CCl, group

W SXHBAALL, ** P<0.01, *** P<0.001,

Note. Compared with the control group, “* P < 0.01, *** P < 0.001.
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25 mg/kg FAFER 30550 &5 2] 40 mg/kg HEA7/NR
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[BE] BHi MEKHIES1S RNA (long noncoding RNA, LncRNA ) LINC00152 33t #6326 % A Jigi ik B 98 U251
Tar 96 SRR A A 2 e I X LRI #EAT R . i B gk B U251 4 iE LINC00152 kK-, &7
LINC00152 23K 4H ( LV-LINC00152 2H ) 125 2 %f BE2H (LV 2H) 40, LA TE &% U251 4 B AE 9 25 FH % IR 2H ( control
ZH) ;qRT-PCR Kl LINC00152 F35 7K ¥ U251 fafgd UL, p-YAP 7RI XMU-MP—1 HEATALFE , 05k frh i 44
I, SEEG A PR T S A Sk 2 e (0 IS b 4 4 K67 3Rik ; B N SL B A I YAP  p-YAP  LATSI  p-
LATSI FEH L, &8 5 LV 4, LV-LINC00152 41 LINC00152 2358 B _EiH(P<0.01) , SIS, 5 Ly
2 far 5 BRURE A HE , LV-LINCO0152 2H fifrgd (A i 34 0K, 988 & BH B 381 ( P<0. 01) ; XMU-MP-1( 1 mg/kg 1 3 mg/
kg) AbFHH 5 FEAIR LV-LINCOO152 £H far e R M ed (R BURIR 8 (P<0. 01)  JF SR EAKIIE, LV A IEH S Kie7 255
FEEZEIK M LV-LINCO0152 20 558 FH 223k ; XMU-MP-1( 1 mg/kg 1 3 mg/kg) 437 — 3% Jihygi 41 41 Ki67 555 1
PERBEYE . 5 LV A0, LV-LINC00152 £ fhJgi 412X p-YAP Al p-LATS1 5 H# kA & 8 (P<0.01) ; XMU-MP-1
(1 mg/kg 1 3 mg/kg) ALFERTHG p-YAP Hl p-LATS1 2 H#E I (P<0.01) FEAFFERI BRI ME, i KekdEgmiy
RNA LINCO0152 7T YAP W& A , A iff il g B9 A5 4, T p-YAP #0450 XMU-MP -1 e 4 % JE 4 i RNA
LINCO0152 [ L3 A 4225500

[=gi7] K4EIESAS RNA(LncRNA) ; LINCO0152 ; iR e Bided s 45 K YAP 25 1 #R B
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Effect of long noncoding RNA LINCO00152 on the growth of
human glioma xenografts in nude mice and its mechanism

JIN Liang'*, JIN Ai*, ZHAO Lizhi'
(1. Department of Neurosurgery, Cangzhou People’ s Hospital, Cangzhou 061000, China.
2. Department of Hematology, Cangzhou People’s Hospital, Cangzhou 061000)

[ Abstract]  Objective To observe the effect of overexpression of a long noncoding RNA (LncRNA) LINC00152
on the tumor growth of human glioma U251 tumor-bearing mice and to explore its related mechanisms. Methods Lentiviral
transfection upregulated the expression of LINCO0152 in U251 cells. LINCO0152 overexpression ( LV-LINCO0152 group)

and empty control (LV group) cells were established, and normal U251 cells were used as the blank group ( Control
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group). qRT-PCR was used to detect the expression of LINC00152. A U251 tumor-bearing mouse model was established.
The p-YAP inhibitor XMU-MP-1 was administered to mice and the tumor volume was measured and the tumor weight was
weighed at the end of the experiment. Immunohistochemical staining was used to observe the expression of Ki67 in tumor
tissues. The expressions of YAP, p-YAP, LATSI and p-LATSI proteins were detected by Western blotting. Results

Compared with the LV group, the expression of LINCO0152 in the LV-LINCO0152 group was significantly upregulated ( P<
0.01). End of experiment, compared with the LV tumor-bearing mice, the tumor volume and tumor weight in the LV-
LINCO0152 group were increased significantly (P<0.01). XMU-MP-1 (1 and 3 mg/kg) treatment significantly reduced
the tumor volume and tumor weight of LV-LINCO0152 tumor-bearing mice in a dose-dependent manner ( P<0.01). Ki67
staining in the LV group was weakly positive but strongly positive in the LV-LINC0O0152 group. After XMU-MP-1 (1 and 3
mg/kg) treatment, Ki67 was weakly positive in the tumor tissues of the LV-LINCO015 group. Compared with the LV group,
the expression of p-YAP and p-LATS1 protein in the LV-LINCO0152 group was significantly upregulated ( P<0.01), and
XMU-MP-1 (1 and 3 mg/kg) treatment reversed the p-YAP and p-LATSI protein expression ( P<0.01). Conclusions

The long noncoding RNA LINC00152 induces YAP phosphorylation to promote glioma growth, while the p-YAP inhibitor

XMU-MP-1 inhibits the above biological effects of the long noncoding RNA LINC00152.

[ Keywords]

g 5 i 9 ( brain glioma) 42 & UL B4 fi )N JER & 1
MR M ATH AT F BN TR VIBRE A 1L
ST ARG o B R R R e, H
WAL 24 LA S A R B, I PR YA T RO A
AR PR, Gl 5 5006 7 o e S5 98 e I A T
I B 7™ Pk A%, LINCO0152 J& F K 8 IF 4 5 RNA
(long noncoding RNA |, LncRNA ) |, 1 5 # £ 15 T}
Sa R B4 P e A R R A e Y Sk AR
i, LINCO0152 2 5 B b 40 B i 4 5 1B S I
BB YAt A B IS R, LINC00152
5 1 e o TR e PRAS B 105 AH G, R 98 LINC00152 3
DRI 28 K T 40 1 i S U8 A i A AR AR R R
W9 587, b1 LINCO0152 B 42 3 Jise J3t 97 4 o 12
7217 B OR  LINCO0152 5 i 5 98 4 i 1) 20 v
AW EEA TR AR G BE AR HE AN R AR I A L Yes
AR H ( Yes-associated protein, YAP ) S — Fli i 5%
LG R 1, FE2EFE Hippo 18 B F & 45 40 e 18 58
AP TIEAEM™S . H YAP 2725 LINC0015 X
ki Bg o e A A I T I R A BF SR AR GE . ASBESE LA
P R L b R A e T U251 4 ffd LINC00152
FEIR K I g 37 Ao R BB AL, LR LINCO0152 X+ figi
JBE B A K B R A YAP FE P AVER .

1 #eFrE
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1.1.1 ZEshY
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AHBRAF [ SCXK (5T) 2016-0006 ] , JFi e S HIES

long noncoding RNA (LncRNA) ; LINC00152; glioma; growth; YAP protein; nude mouse
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i B XMU-MP-1 ¥, [R B L i 2 45 5 HS 15 ¥ 7
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mg/kg Fll 3 mg/ke, B 245245 3 Ik, 34525 3 il 2R
Wb RO o I 92 S g K 42 e IR DL R A8
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IS B (R 53 30 < A ARG SR AR 1 IR B IR A 2
JE BRI 3 UKL ARBERT 1 IR, Sh)& SRAE 5 &1 T i
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1.4 FitEHZE

BT SPSS 11. 0 B A AT G2 it 27 43 Hr , 1T 4K
P& LA Shapiro-Wilk #E4TIEZSMERG I | 35 8 1E &40 ,
I EbR 2 (& s ) Fon, ML A HLAR
K FH IS REAS TR ¢ A58 5 22 2 1a] b AR B
25 2200, 40 1) R EL 8ok ) LSD-e K 56, 46
ki a=0.05, 4 P<0.05 NESAS =X,

2 #R

21 BRBHELZFNMIBEELAREAR
LINC00152 ik E

SERFPE G B PCR 455 B X4l LV 4
F1LV-LINCO0152 ZH 4 gt LINCOO152 mRNA #H
X kA3 (0. 33+0.02) L (0.32+0.03)
MI(1.58+0.13)  XF MR ALV 4 L HHE2 R
(P>0.05); 5 LV 4 M tt, LV-LINC0O0152 4
LINCO0152 mRNA #H X} & 35 K B & i (P<
0.01), WK 1,

= N=3

; LA
B =
; E 1.54
®HE
==
= = .04
; _E 0,54
Z =
R

__—i (NI} -

oF e
o
Dy
U_ * P<O. 010
BE1 X4 . LV 4051 LV-LINC00152 2H LINC00152 Fi5/KF

Note. ™ P<0.01.
Figure 1 Expression levels of LINCO0152 in the control group,
LV group and LV-LINC00152 group

2.2 LINCO00152 {2 #t#E B ZH i FE AE I A4 <

SCEHAIR], A1 sh W A KRS R AF, 1A Rl
[B] 2R HE I, 2H 18] Jo I @ 22 % (P>0.05) . W&l 2A
BN AR 2, BEAS [] f 385 0, 4% 2 A 9 Rl ik 3
RBE W3 K, SEg & i, 5 LV A AH L, LV-
LINCOO0152 20 i A R fi 18 K (P<0.01) , S50
L, LV 20 R0 LV-LINCO00152 45 9 & 43 % My
(0.86+0.29) g FI(1.21+0.40) g, 5 LV AL,
LV-LINCOO152 41 J% H 8 i W & (P <0.01), U
& 2B,

1 500

=

- LV
= LNV-LINCO0152

1 000

l'umior volume

[ipa P B (mm Yy

SO}
I 5 & 12 15 19 2
B Ml () Time
1 2 3 4 5
B Ly

LV-LINC00152 [N L™ ‘G ed

WALV 4 LV-LINC00152 4H MR A, 5 LV 44
b, * P<0. 05, * P<0.01;B;LV 4171 LV-LINC00152 £
IR R, 1~5 A s g5

B2 LV ZHF0 LV-LINCOO152 £H fisid A= KA i
Note. A, Tumor volume in the LV group and LV-
LINCO00152 group. Compared with the LV group, *P<
0.05, ™ P<0.01. B, Tumor images in the LV group and
LV-LINC00152 group. 1 -5 are serial numbers of the
animals in each group.

Figure 2 Tumor growth in the LV group and LV-LINC00152 group

2.3 XMU-MP-1 &2 H #l LINC00152 i S A=
B EEE K

W 3A s, sr 2 45 25 5, Bl B () B 366, 4%
2 fi 96 RN A FR B TG K, eI 2 afin, AR
KA L, XMU-MP-1(3 mg/kg) 0 Fl XMU-MP-1
(1 mg/kg) ZH I B i 298/ (P<0. 01) , I 2 5
AR, SCIRZC N R, A PR K 4] XMU-MP-1(3
mg/kg) £ Al XMU-MP-1 (1 mg/kg) 419 43 % K
(1.08+0.41) g.(0.35+0.19) g F1(0.68+0.28) g,
557k P 3R UK 20 AH e, XMU-MP-1 (3 mg/kg) 21
XMU-MP-1(1 mg/kg) 278 & & /N (P<0.01),
JFE AR, WIE 3B,
2.4 HBAMEAL KT EEARETHL

B A2 G 25 L R LV 4 iR 4 20
Ki67 55 BHME A, M LV-LINC00152 2H i i 41 41
Ki67 52 PH PR ik, DL A: BRER K 41 AE b X BE
XMU-MP-1 4bFf LV-LINCOO152 41 i fary& flJim &2 PR,
AP ER K 20 R 4 4 Ki67 55 PH PR, XMU-MP-1
(1 mg/kg) ZH 2 BHME 1) XMU-MP-1(3 mg/kg) 405
SPAYE, WL 4,
2.5 RAMEHANR p-YAP F p-LATS1 EH KR IX
T
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1 500

=

= 4 FfkK Nomal saline
= XMU-MP-1(1 mgkg)
= N MU-MP-1(3 mg/kg)

[bie il 4 B ()
Tumor volume
=
2

o
=
=

| 5 B 12 15 19 21
1 @ (d) Time
| 2 3 4 &

B
H B K Normal saline

XMUMP-1{1mgkg)

XMUMP-1{3mgkg)

LV-LINCO0152

A EFRER KA XMU-MP-1(3 mg/kg) 41 H1 XMU-
MP-1(1 mg/kg) MR IARTR, 5 BERKAAH L, * P
<0.05, ** P<0.01;B: 4 F 4 K 40  XMU-MP-1(3 mg/
kg) ZHAH1 XMU-MP-1( 1 mg/kg) ZHIRIE H,1~5 H4
I/ EUE R

3 AFRERKAH XMU-MP-1(3 mg/kg) 41 Al

XMU-MP-1(1 mg/kg) 20 g A= K 15150
Note. A, Tumor volume in the normal saline group,
XMU-MP-1 (3 mg/kg) group and XMU-MP-1 (1 mg/
kg) group. Compared with the normal saline group, * P<
0.05, ™ P<0.01. B, Tumor images of the normal saline
group, XMU-MP-1 (3 mg/kg) group and XMU-MP-1
(1 mg/kg) group. 1-5 are serial numbers of the animals
in each group.
Figure 3 Tumor growth in the normal saline,
XMU-MP-1 (3 mg/kg) and XMU-MP-1 (1 mg/kg) groups

B HEIC S IR o B 45 IR 41 20 p-YAP Fll p-
LATS1 A #5781k, 5 LV 414 b, LV-LINC00152
ZHMIRIZHZY p-YAP I p-LATSI #E KRB 2 il
(P<0.01), DA A ¥ BE XMU-MP-1 4b 3 LV-
LINCO0152 ZH #1 B, &5 R A Bl 5 AR B AR K A 1t

XMU-MP-1(3 mg/kg) Fl XMU-MP-1(1 mg/kg) kb3
J& p-YAP Fl p-LATS1 & H KA B FH TIH(P<
0.01) , HAAAER AR, WLES,
3 itig

£ 5 AF %% 5 RNA ( long noncoding RNA,
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Rl S A S e Wy 2 R R AR A O
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L5 G IR e | E I L g R A e e g
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W — 5%, 50 3635 T B o S 2 W R S
g 31 B ETRIFAY B, LINCO0152 5 figi 15 J5 Jed
I PRAS LTS AH 2C, 17 F 98 LINC00152 3 K 3k 1]
R R R AN M R o A KL R R,
LINCOO152 figg 5 o ml B & 4% 42 g 207, RE A2 1F A
JE LIRS A L A AR N A A

A5 38 2t 1% 95 B e Gl vk AN IR R 1 R Bk o
Jei U251 4 LINCO0152 38 ik /K, M2 35 2% 1
PEFRAE 21k LINCO0152 Ay 4ififikk . A BALB/c #R B
T G ST 9 U251 g R BROBE TR ke I, S I 2N
LINC00152 333k U251 far 83 5 I8 1A RN 938 7 A
WK $ER LINCO0152 REfE#E U251 fifseg Bl e
Ak, X5 SCERIGE MRS Ki6T S T 41 i
%, J2 BT A & FH 18 S0 i 3 344 G 0% 2 A7 St 4 A
Z 8RB MR T Ki6T B IA AL, R
LINCO00152 #2235 U251 farfid BRI 41 21 Ki67 3=
KR TXTR . 0 LINCO0152 fiEdf s U251 i il
JihIeE AR ML R 3G B M LR AR K
U251 fardEd UM ZH 2 p-YAP Fil p-LATS1 2 [

Without treatment

Mormal saline

4 AR AL Ki67 & HR B (R 8k =g, x 200)

Figure 4 Changes of Ki67 protein expression in tumor tissues of each group. Immunohistochemical staining
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&5 1004
&
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= e
P-LATSI ‘-—- =2 I
d e 3504
— B
- = :J -
A1 | ———— ] ||/
0 T T T T T
a b c d [

F:a: LV 41;b: LV-LINC00152 41; ¢: LV-LINCO015 +/E#EE /K 41 ; d: LV-LINCO015 + 1 mg/kg XMU-MP-1 41;e: LV-
LINCOO15 + 3 mg/kg XMU-MP-1 4, 5 LV 41#iLL, ™ P<0.01;5 LV-LINCO015 +A:F /KM, 24 P<0. 01,

5 KRR p-YAP 1 p-LATS1 & HFK ik
Note. a, LV group. b, LV-LINCO0152 group. ¢, LV-LINCOO15 + normal saline group. d, LV-LINCOO15 + 1 mg/kg XMU-

MP-1 group. e, LV-LINCO015 + 3 mg/kg XMU-MP-1 group. Compared with the LV group, ** P<0.01. Compared with the

LV-LINCO0015 + normal saline group, 2 P<0.0l.

Figure 5 Changes of p-YAP and p-LATS1 protein expression in tumor tissues of each group
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YR EMR TR BIL], GS-Reg3 41 M1 SCH772984 41 7. W 3 25 5, i1 F podoplanin 2 H A% gk 45, GS-Re3 41 Al
SCH772984 4 podoplanin £ [ 3% i 7K - ATk P4 ASHH X 285 1 i 35 (IR F AT 2, GS-Re3 41A1 SCH772984 417 i % 25
5., GS-Rg3 Fll SCH772984 1 L 4| TGF-B1/ERK B A #IE . GS-Re3 LM SCH772984 41/ VEGF-C \VEGF-
3 RIRACTFBALTIAR, GS-Re3 41F1 SCHT72984 AL EE R, 4518 GS-Re3 A LI T i TGF-B1/ERK {55
P AL FACE ] VEGF-C \VEGF-3 B& (03635 , DT bl bk 0 45 A 2= plc B8 (T Iaa bk e e RS 2R AR KR 5
SCH772984 #L,
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Mechanism of ginsenoside Rg3 regulation of lymphangiogenesis in
nude mice bearing human lung cancer by the TGF-1/ERK
signaling pathway

TAO Tao, WANG Guowen " , LI Qicai, LI Chuankui
(First Affiliated Hospital of Bengbu Medical College, Bengbu 233004, China)

[ Abstract ] Objective To investigate the mechanism of ginsenoside Rg3 ( GS-Rg3 ) regulation of
lymphangiogenesis in nude mice bearing human lung cancer by the transforming growth factor-B1 ( TGF-B1)/extracellular
regulatory protein kinase (ERK) signaling pathway. Methods Sixty nude mice were randomly divided into three groups:
model group, GS-Rg3 group and SCH772984 group. The orthotopic transplantation model of human lung cancer in nude
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mice was established in the GS-Rg3 and SCH772984 groups. The GS-Rg3 mice were gavaged with GS-Rg3. Mice in the
SCH772984 group were intraperitoneally injected with the ERK inhibitor SCH772984. Modeling and lymphatic metastasis of
each group of mice were observed. Lymphangiogenesis, TGF-B1/ERK signaling pathway and vascular endothelial growth
factor (VEGF) expression in tumor tissues of each group were analyzed. Results Pathological examination using HE
staining confirmed the lung cancer and its lymphatic metastasis. The proportion of lymphatic metastasis, tumor volume and
tumor mass in the GS-Rg3 group and the SCH772984 group were significantly lower than those in the model group. There
was no significant difference between the GS-Rg3 group and the SCH772984 group. Podoplanin protein expression level and
relative density of lymphatic vessels were significantly lower in the GS-Rg3 group and the SCH772984 group than in the
model group when using the podoplanin protein to label lymphatic vessels. There was no significant difference between the
GS-Rg3 group and the SCH772984 group. GS-Rg3 and SCH772984 significantly inhibited activation of the TGF-B1/ERK
pathway. The expression levels of VEGF-C and VEGF-3 in the GS-Rg3 group and the SCH772984 group were lower than
those in the model group. There was no significant difference between the GS-Rg3 group and the SCH772984 group.
Conclusions GS-Rg3 can inhibit the expressions of VEGF-C and VEGF-3 by downregulating the transduction level of the
TGF-B1/ERK signaling pathway, thereby inhibiting lymphangiogenesis and reducing the lymphatic metastasis rate of lung

cancer.
[ Keywords ]

nude mouse
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Genewiz( P E) BT RIS AL, BAEE Nikon( HAS)
1.3 XWHE
1.3.1 (i B o] i e 9 vk

60 HUNEUEAL 0 3 41, 4 20 L, R4 AL
ZH \GS-Rg3 ZH A ERK #1115 SCH772984 4 (LT
fA15 ky SCH772984 4H) . AR SCiik ™ H sy Al 4R
BRI (7 B AR ASE AR A K AT 1Y AS49 40 it oy 245
PR TR h AR K — R TS &N,
TS AEECH 5%10° 4 FR A4 K 2 10 mm (3]
BRI | GS-Rg3 41 HI SCH772984 4H
BI/NRATZH Y, GS-Re3 4l/NRAERAMLIG 26 3 KAl
JH GS-Rg3 #EH , 5 H 0.8 mg/kg, SCH772984 £H /)
S AE 5 5 3 KM I 7 9 SCH772984, 4 H 12.5
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mg/keg, B 3 d — K, 137 28 d J5AbFE/N R AT A
5, SEHGIEREEAE 3R JFIN, I ok e PR AR B AR
— it B e S5 g Sl W Al 5 A B By Stk e (H
2017123546) .
1.3.2 Mg A= A L LA K s B2 e A

T8 U L2 I 1 (60 mg/kg ) SRR I A BE K
SR, FTIF M, R il 9 26 1 R G B 15 O, I LA Al
LU0, I R AR HIE 2 a6 0 ik 4 SR 41 41
Ak e HRGR) S EIH B R
1.3.3  fpyEdifbietn

Jii g DA % A R 2 2 Y R T DT
(4.0 wm) A BEH-FK G 0] TR A e
fit i M, & e B A Y) IR AE 4°C N H VEGF-C,
VEGF-3 8¢ podoplanin $TIRIE & iS5, ARG EE R T
S5AWE PN 1[G W E 30 min, Bf5 Y, B
Tl s WL 2%, AR A SOk 1 T8 A4 9RO Rk O AR
1.3.4 qPCR

qPCR FH TR 000 il 482 it 2 A% A% 98 21 21 rh mRNA
IRV, 21 25 i I WSS L mRNA 3l i 95°C iR
DNA R4 5 min #E47 PCR, 2R 5 ¥EAT 40 PMEIRH)
P2 PCR(95%C ,10 s Fll 60°C ,30 s) , fx 2 75°C HEfH
10 min, f£3F7E 4°C , GAPDH VE NS fifi J] 274" i
S mRNA K,
1.3.5 Western blot

i Western blot £ il fifi 42 It 57 % A Jd 20 21
HEAKT . FERANIR T 24421, 7F 12 000 1/
min ,4°C B0 15 min q&%iﬁ%(@i,ﬁﬁﬁ BCA J7 4

RhfLAR

Lung cancer tissue

T H R AR R . AR =100 wm,

SEE PR, ffi ] 10% 1) SDS-PAGE &¢I FH T
HL 3K, LK G F PVDF R RO+ 76 2 R H 5% 6
BAEWE 2 h, MA—PERED 2 h, 57 4C
R SR, A YL, i/ GAPDH 1E AN,
1.4 FHirEFHRE

JI A SRR AE B DA S B e AR E 22 (% x5 ) R
Ro GeitsrHrEi ] SPSS 19( SPSS, Inc. , Chicago, IL,
USA) , TSR AT B R 2R )7 225381 (ANOVA) LA
PEAG SR AL 2 [A] () 22 57 20 18] 5 7 EL R ) o R85
TR BT R 40, P<0.05 RonERA R
FE

2 #R

2.1 EERRTHER

AR 2 1%~ T 2 /] Bl it i A 18 349 A <7 i
FEIE T HE Y& (00955 PHUR A i Si2 i LA K i 9 bk B 5
LK 1, TG 21 d BEBIZ/NRAET: 1 H Ha
/NERTCFETS . GS-Re3 41 FI SCH772984 4 /N B
IR LA AL 1 LU A5 g A B R e o it 34 B R T
FERIZ | GS-Rg3 411 SCH772984 4 IC B #H 2 5 W
#1,
2.2 ZHEMNEBHEEEBRILE

AR5 podoplanin 25 HFRICHKE A, & 2
T4 .8 podoplanin 4 8, AT H T Sz B bk (248 AE K
0, 45 R B R GS-Rg3 41 F1 SCH772984 4H
podoplanin £ [ 3K 7K - F1 bk T A8 A 25 2 1 25 11K
FARHIL] 1M GS-Rg3 4 A1 SCH772984 41 G i 3% 22
S HA A 25 R LR 2 3K 2,

gL
« g ol

L datd o]

Lymphatic metastasis of lung cancer

1 HE G (G 0 i 21 SRl 988 bk L R 20 21

Note. Arrows indicate lymph node metastasis. Bars=100 wm.

Figure 1 Pathological images of lung tissue and lymphatic metastasis of lung cancer. HE staining
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R AAUNMREF RS OO TR AR L (& +5)

Table 1 Comparison of lymphatic metastases and lung tumor volumes of the mice in each group

5 N WL B A 2 T JHRE AR (mm? ) R B (g)
Groups Number and percentage of lymphatic metastases Tumor volume Tumor mass
RS TR 4
A 19 15(78.95% ) 583.43+18. 54 0.72+0.21
Model group
GS-Rg3 4
g3 4l 20 7(35.00%) ** 302.93+17.51™ 0.29+0.17*
GS-Rg3 group
SCH772984 4 ,
il 20 5(25.00%) ™ 231.45£14.25™ 0.21+0.14™

SCH772984 group

T SRR LB, * P<0.05, ™ P<0.01,
Note. Compared with the model group, * P<0.05, ** P<0.01.

. ; ; ‘.1.1\.-:-1-'5—‘!::‘-
s GS-Rp3df SCHTT29844
Model group Model group SCH772984 group
Sk IR €K podoplanin J4 4, FR =20 pum,
2 e A G S I RS 2H 23 podoplanin 5 [ 338K - Figk A A= KB B
Note. Arrows indicate the staining of podoplanin protein. Bars=20 pwm.

Figure 2 Podoplanin protein expression and lymphangiogenesis in tumor tissues. Immunohistochemical staining

Fz2 HUH/MR podoplanin FAFRIKKF-(x +5) 2.3 #&%H TGF-B1/ERK @& FTILKF L&
Table 2 Expression levels of podoplanin protein of the GS-Re3 S F1 SCH772984 2 1] L4 i 23 %] TGF-

mice in each group

B1 F1 ERK mRNA [ % ik, JF H GS-Rg3 41 #

24 5 Podoplanin 25 [ ik 7K e "~
Grojps " Expression }])evels of podo:)l:;ﬁn protein SCH772984 41 E/‘J p—ERK/ERK 7J(EF‘E%M{E~E :F*;-Qﬁgzﬂ ’
e ifi GS-Rg3 211 SCH772984 41 JC 8. % 22 5%, Ui GS-
HERIZH
Model group 19 3. 332201 Rg3 W] TGF-B1/ERK 58 I 130 | W35 3 FIE 3,
Cgsﬁﬁgﬁ il 20 4.01+1.93* 2.4 FHHMEHL S VEGF-C,VEGF-3 Ri&KF
»>-hgd group
7273
SCH772984 41 . B
SCH772984 group 2 3. 89+1.77 g 20 A G I 25 5 5 7R GS-Rg3 Il SCH772984
TR G BURAL IR, 7 P<0.05, f) VEGF-C VEGF-3 Fik /K AR R4 1%, 1 GS-Re3

Note. Compared with the model group, * P<0. 05.

ZH 0 SCH772984 A TC i & %5, WK 4 K 5 Fngk 4,

®3 F4/NE TGF-B1 ERK mRNA FIE AR IB AT (% +5)
Table 3 Comparison of mRNA and protein expression levels of TGF-B1 and ERK of the mice in each group

ZH 5 mRNA I Proteins
Groups TGF-B1 ERK TGF-B1 p-ERK/ERK
k]
4.62+0.36 4.36+0. 32 4.89+0. 31 0.24+0.03
Model group
GS-Rg3 4 o . . .
2.49+0.31 2.55+0.27™ 2.95+0.28 0.11+0.02™
GS-Rg3 group
SCH772984 4
il 4.71x0. 34 1.63£0. 12 4.87+0.27 0.07+0.01 "

SCH772984 group

T SRR LS, * P<0.05, ™ P<0.01,
Note. Compared with the model group, * P<0.05, ** P<0.01.




38 of [ LA B 2R 2R 2019 4 11 A 46 29 46 11 3

Chin J Comp Med, November 2019, Vol. 29,No. 11

B 3 Western blot #4520 /N B4 TGF-B1 .
p-ERK Fll ERK & H/KF
Figure 3 Western blot analysis of TGF-B1, p-ERK and

ERK protein levels of the mice in each group

3 itig

I $8 B4 22 975 5 9 B e 38 i R i A, A R
2015 43 [ i B & I BGA B 73.3 T7, JET0R

GS-Rp3#fi
Model group

B
Model group

L # k BiRts ( VEGF-C FHMERL (0, HRR =20 pm,

Pk 61 J1  JF HHE AR Mt R A 2 B ETHE
ST BRI A SR 170 25 T R R
AW T PR, Fifi 938 58 25 A e 0 20l T
AR T (ERE i ) 52 e AN AL 1% BLATI AR AR 21
F s, O BXE TR T 258 e 24 R BLAT5 R 45 2
AR

HRZGTEIRT T IR Hh B T — i B, AT RE A
DRI IR AT . NS e E B IS A i
AP, E &AW KA S W HA B BT
YERT, NS AT LA ] 7 9 200 10 64 A= 4 OF 4l ok G 9
T2 o 3BT NS h T IR i A A4 O PR T AT
iR LRI A B R R 257 I PR L R
) B BT B, GS-Re3 J& A S 1 £ 515 M o
Z—, AT LA Fob g 200 M 4 9 5 A% RR 2%, AT
0 PR A A AN B | (FUIE O T HEX A eV FH B A
WL B BFFEIE AL L4 AR A5 B
J2 IR 1o g e B Y RS, H AT T GS-Re3
TERRR A B P RIBESEA 22 | focdl AT T2 SR

SCHT7729844
SCH772984 group

4 PRI AR A 2P VEGEF-C ik

Note. Arrows indicate the staining of VEGF-C. Bars=20 pum.

Figure 4 Immunohistochemical detection of VEGF-C expression in tumor tissues of each group

GS-Rp3
Model group

Hnesl
Model group

SR @R VEGE-3 FAYEYL A, #5)8=20 pm,

SCHT729844H
SCHTT2984 group

B 5 e AR 4 4R 4 ZUh VEGF-3 3Rk

Note. Arrows indicate the staining of VEGF-3. Bars=20 wm.

Figure 5 Immunohistochemical detection of VEGF-3 expression in tumor tissues of each group
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R4 BHNDNEMBEHL H VEGF-C VECF-3 FikKF(x +5)
Table 4 Expression levels of VEGF-C and VEGF-3 in tumor tissues of the mice in each group

ZH 5
il n VEGF-C VEGF-3
Groups
HERYEH
1 .91£1.22 4.11+1.
Model group o 391 *1.35
GS-Rg3 4
20 035+1.02™ 67+1.10*
GS-Re3 group 2.35+1.02 2.67+1.10
SCH772984 4 ,
il 20 2.19+0.99 ™ 2.53+1.03™

SCH772984 group

T SEERA LA, " P<0.05, ™ P<0.01,

Note. Compared with the model group, * P<0.05, ™ P<0.01.
GS-Rg3 L HA 10 i3 A i i 7 FHTY) 6T GS-
Re3 X IoRE bk B AT A S i 25 20>, i 4 g
HEA IR LA R A b L A B 1 R R AR ik A RS
BEWBUG 825, MIFFE GS-Re3 X bk EL 45 2E i i
S FRATHE S T N il i R BB RS A AR A, 34y
B GS-Re3 T, iad HE Y (o Wil e g 45515
DUFIR LA RS 0, 45 31 I /s A B A 9 2L A RS R
}1 78.95% , i GS-Rg3 1] g 2& 31 il bk 120 5 R 47 10,
I H GS-Rg3 At 25 40 il ek g 1% o o FAARRR Ay itk
— 53 HT GS-Re3 % ik B8 AR 1 1 5 i), R A7 4 FH
podoplanin 25 AR 0k LA, 45 5 2 /s A Y 21 4k 2
B AFEE M GS-Re3 Al podoplanin £ FH#ik
IROF D0 R LA AR, B A I R T 5T
GS-Rg3 7EIAYT o 30 it b i VR TR O HA Ay
BIPRS00 IR 5538 1 9 K b RL$ % GS-Rg3 A LU
/N BB A G A T EAMBAA BT R,
GS-Rg3 TE 5 Fh 4 A8 /)N BRASE AR rhm DL R AR Jirb 9 AR
FIVE i, I3 o B e e B 4 R AT Al 4 80 b 1 e
AR 457, GS-Re3 W@ i F 8 FUT4 A~ 3 1Y
EGFR 4535 FIBHKT MAPK 1 NF-kB {55 518 e i1
B TR S S5 A A Ao R R 9 1 4R 28, B ST AR
GS-Rg3 1T fEJE 367 Wi M T e A 2 259, ik
Hh, Re3 P 5L A /N BRURSE 7R vl [ A1 i Jgg A4 B D
I, I L K S S A B AT ZE 2 v 1) e e
Ry, RIS R MA BT GS-Re3 ik
BRI EIVE R, X UL GS-Re3 AT DLl o 7
Tl it 9 2L 20 8 B ) A I R LR A L X
BT GS-Rg3 mI LAF ] Al Ay A K LA KL for 988 4 R
S A2 IR LA ) A B, DA 2D T i g A I £
EERS . Rk AT GS-Re3 I bk [0 45 26 W B L
il 8] ERK 357 SCH772984 15 4 BH X BE | >
HrHXT TGF-B1/ERK {55 % Fl VEGF [ 3RA 7K
IFZIR . TGF-B1/ERK {5 5 it B E il 2H 4 rpr ik 5%
IR AT IE AT VR Y A0 AR 0T O T DA R R ) S BT

AV SRR DG B PR O il 9 ) 38 B AL I B ) L
T, M6 TGF-B1/ERK {5 53 % v] A5 %5 i 30 il i
Jed AN A 38 A 02 2 LU T, o ELELAG P e 2
YU A A I BV A B FE T . VEGF 1T LTS
RS AR LA P R A A AN (R AT AR i
RSN A K S BA R IEE AR B MER, It
Ah, VEGF L ELAT {2 E Ik EL 45 P9 iz il i A= 4 A/
JUT-AE A (A I 1 80 VEGF 1Y Rk 7K -3 1
W, L VEGF 383K AT {2 148 Rtk LA iy AR K
T Ay Jie g A R 2 4R 5 43 ot DL R A o i e 1
%, JF HAMH] VEGF 119 3R 3kt J2 A ka2 i g A
O ) ek 98 7 2% 1) O 10 AR IR AR ST 45 R BOR
SCH772984 R 417 il Jifs 92 Ji A7 7% A 978 2H 4L v 1) 3k
A AR R, JF H GS-Rg3 Fil SCH772984 1] L) ik 2 41)
il TGF-B1 Ml ERK mRNA )33k, 71 H. GS-Rg3 1
SCH772984 A L) ki 4l ERK #§ /2 fk., 3l TGF-
B1/ERK {55 &A% 5, Il VEGF-C \VEGF-3 i
FIFIE . TGF-B1/ERK 15 % B0 5 2 I i
ZFP P ARG 1 1Y 3k, T TCGFR A5 538 B 4
il VEGF ARk, WA s /> b J8 4 = 37 Lia
SR A AT AR B R ERK 33 St 5 1
VEGF &35 (1 /E DA T 410 sl 1 J g6 1 i 45 26 i
WA I B~ VEGF &84 11 (Y 2k 335 v] DL BT
ERK 250 563 A2 1 i e 240 i 1) 32 78 AR 28 51k
SRR (3L AL R EL 681 Tang 5570 (OBFSE R
GS-Rg3 Al i3 #4] TGF-B/Smad Fl ERK {5553 #%
TEPAR M PR 5 2T 24 A0 e 34 5 DA R ot 5 A i, Ui
W] GS-Rg3 HA Ml TCGF-B LI K ERK 15 53 i%
FIFEFT . Cao 25" AURFFSE & BE GS-Rg3 1l ARl
B NS K R VEGF 323k, BN A 5t
TN DA R 8 s 200 B DA B N B 9 R FRURS AR v
GS-Rg3 7] LA # i TGF-B. VEGF-C & H Hy &
KPR AR TE AR USRI RS R, GS-Re3
Al @ TGF-B1/ERK 15 538 #5715 VEGF 11y



40

i AR BE 2 2k 2019 4F 11 A58 29 556 11 )

Chin J Comp Med, November 2019, Vol. 29,No. 11

IR AT AT 1) Fif T 2EL 2 b e L 08 2Rl D D
DR R AR RS

Zi LTk, GS-Re3 ] LUl i I TGF-B1/ERK

51 FE i K VEGEF-C \VEGEF-3 SRy

FEIR, DT 00 o1 90K EEL A5 10 A e A AU i s 1) 0k EL 57 %
RPN GS-Re3 X T B 1 3 bk B 5% B fili s A9 7R
SV, fHE KT GS-Re3 I bk 145 26 it g L 1
AN R A T Bk — 20 5T

S 3k

(1]

[2]

[10]

(11]

Zhang Y, Liu QZ, Xing SP, et al. Inhibiting effect of Endostar
combined with ginsenoside Rg3 on breast cancer tumor growth in
tumor-bearing mice [ J]. Asian Pac J Trop Med, 2016, 9(2):
180-183.

Sritananuwat P, Sueangoen N, Thummarati P, et al. Blocking
ERK1/2 signaling impairs TGF-B1 tumor promoting function but
suppressing  role in  intrahepatic

cholangiocarcinoma cells [ J]. Cancer Cell Int, 2017, 17 85.
Park SJ, Choi YS, Lee S, et al. BIX02189 inhibits TGF-B1-

enhances its  tumor

induced lung cancer cell metastasis by directly targeting TGF-
type 1 receptor [ J]. Cancer Lett, 2016, 381(2): 314-322.
BRI, VT, BRI, 4. EGFP ARiC I AR BUR AL 5%
MR Ny [J]. R EfE 2R, 2010, 13(7) : 670-675.
HFFS, 22l frde 45 FLIVE D COX-2 Rk 5 M A&
5 R IRk L A B AR DG [T I PR 5 5 30 3 2% 2
75, 2018, 34(1): 98-100.

2, BK, ZEH, % hEE R 2015 4R BRI T R
TTWR2ARAE AT [J]. TPAIRATIR A 243, 2018, 39(1): 32
-34.

BZE X, BME, % ASXE R SGC-7901 M FHE 41 4
SRS AR Az K M Bel-2 Bax Rk MR [J]. ZHRIEFRI K
2F4, 2016, 51(6) : 773-777.

PEERAL, RS, #EE. NSRBI Re3 1755l 40 ik JR
ToRIPLHIOESE [J]. Bf 2 E R E 2, 2016, 27 (11) . 2634
-2637.

T, &7 ASRAF R PRI LRV RIS [T]. )
e R 2GR 2E244], 2017, 19(6) ; 12-14.

XN, Hri, e, NS Re3 Xt 5 e 98 40 A i 5 A= 1
ARDCHE (Y 2R3k B A i AR K AL RS nRe ) [ 7). ThEiEy
SimEZER, 2016, 27(2) ; 219-225.

PRI, B0 NS R Rgd BLA by st e 4k /4 i
Jili98 £ 3% IV TP TGF-o \ TGF-B1 F1 VEGF B354 [J]. I IR
WAL 2R, 2016, 21(9) : 1675-1678.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

NS 3T Rg3 Fl PEG-PLGA-Rg3 AKX Lewis filifa /N B
BOFEFI AL (1], dbnt2 224 (B2 1) , 2016, 48
(3): 496-501.

Tian L, Shen D, Li X, et al. Ginsenoside Rg3 inhibits epithelial-
mesenchymal transition ( EMT) and invasion of lung cancer by
down-regulating FUT4 [ J]. Oncotarget, 2016, 7 (2): 1619
-1632.

WM, BhEfE, BB, & AS BT RGO N E R
SRR ARR A KA AL [J]. AR B IR 24k, 2014,
21(24): 1935-1939.

Wu L, Han L, Zhou C, et al. TGF-B1-induced CK17 enhances
cancer stem cell-like properties rather than EMT in promoting
cervical cancer metastasis via the ERKI1/2-MZF1
pathway [J]. FEBS J, 2017, 284(18) : 134-137.
ok, Rimid, HEWE, % Sixl Ml TGF-B f VEGF-C 7E A Mz
SR 20 L R SRR AR R R LA R T PR (0], I PR 55
S AP R 2016, 30(24) : 1960-1964.

Carbone C, Tamburrino A, Piro G, et al. Combined inhibition of

IL1, CXCR1/2, and TGFB signaling pathways modulates in-vivo

signaling

resistance to anti-VEGF treatment [ J]. Anticancer Drugs, 2016,
27(1) : 29-40.

Liu Y, Li F, Gao F, et al. Periostin promotes tumor angiogenesis
in pancreatic cancer via Erk/VEGF signaling [ J]. Oncotarget
2016, 7(26) : 40148-40159.

Andrikopoulos P, Eccles SA, Yaqoob MM. Coupling between the
TRPC3 ion channel and the NCXI transporter contributed to
VEGF-induced ERK1/2 activation and angiogenesis in human
primary endothelial cells [ J]. Cell Signal, 2017, 37. 12-30.
Tang M, Bian W, Cheng L, et al. Ginsenoside Rg3 inhibits
keloid fibroblast proliferation, angiogenesis and collagen synthesis
in vitro via the TGFB/Smad and ERK signaling pathways [ ]J].
Int J Mol Med, 2018, 41(3) . 1487-1499.

Cao Y, Ye Q, Zhuang M, et al. Ginsenoside Rg3 inhibits
angiogenesis in a rat model of endometriosis through the VEGFR-
2-mediated PI3K/Akt/mTOR signaling pathway [ J]. PLoS One,
2017, 12(11) ; €0186520.

skAkAE ) BRih, FHLE, NS RAT Rg3 XA MR B
Afife SIX1 , TGF-B \VEGF-C ik m [J]. iR
P, 2016, 34(7): 1700-1703.

SkAkLE | BRES, KM, 5. AS K Rg3 A AR B #
RS HR H SIX1 TGF-B \ VEGF-C K3k M52 [1]. 242y
BESIGER, 2016, 32(2): 91-94.

(Y75 HHEA)2019-04-22



2019 4 11 A o LA R 2 e ik November, 2019
$29%6 H11H CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 29 No. 11

AT R EOE S BRI B R SO B R B PCI2 i [T]. PRSI, 2019, 29(11) ; 41
-49.

Zhang XN, Jin XF, Tang JL, et al. Effect of calycosin on PC12 cells injured by oxygen and glucose deprivation/reoxygenation [ J].
Chin J Comp Med, 2019, 29(11) ; 41-49.

doi: 10. 3969/j.issn.1671-7856. 2019. 11. 007

T 88 S T e i SRR/ S SRS PCI2 AH A At

KT, B B R, R R A, R
(LB 275 T L 1 BR 260 ST S0 AT 50E 050091)

[HE] B RITEE R (calycosin) XA/ & A HE PC12 QIR G0, F5k  SRITIA
Bt/ 52 S S (OGD/R) B s PC12 AFFEHLAY 9 5 41 TEH % B ( control 41) , i AR ot/ 2 48 32 M 2H ( model
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Effect of calycosin on PC12 cells injured by oxygen and glucose
deprivation/reoxygenation

ZHANG Xuening, JIN Xiaofei, TANG Jinglong, ZHAO Yanmeng, ZHOU Xiaohong, GAO Weijuan "
(Hebei Key Laboratory of Chinese Medicine Research on Cardio-cerebrovascular Disease,

Hebei University of Chinese Medicine, Shijiazhuang 050091, China)

[ Abstract]  Objective To investigate the effects of calycosin on the injury of oxygen and glucose deprivation/
reoxygenation PC12 cells. Methods PC12 cells were randomly divided into 5 groups: control group; oxygen and glucose
deprivation/reoxygenation (OGD/R) (' model group); and high, medium, and low (0.140 pmol/L, 0.070 pmol/L,
0. 035 pmol/L) dose groups of calycosin. The CCK-8 method was used to detect cell viability, the lactate dehydrogenase
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leakage rate in cells was determined with the LDH method , cell morphology was observed with an inverted microscope, cell
with  PI detected by

The cells in

membrane integrity was detected fluorescence ~staining, caspase-3  expression was

immunohistochemistry, and Bax and Bel-2 immunofluorescence staining was used to detect apoptosis. Results
the control group grew well. Compared with the control group, the number of cells in the model group decreased, the cells
appeared to shrink, cell membranes were destroyed, cell activity decreased significantly ( P < 0.05), the lactate
dehydrogenase leakage rate was significantly increased (P < 0.05), the number of PI red-stained cells increased
significantly (P< 0.05), the expression of caspase-3 was significantly increased (P< 0.05), and the ratio of Bax/Bel-2
increased significantly ( P< 0.05). There were no significant differences observed between the model group and the high
dose group (P> 0.05). However, the number of cells in the middle and low dose groups increased, the cells showed
regular morphology, the membrane damage was reduced (P< 0.05), the cell viability was significantly increased (P<
0.05), the lactate dehydrogenase leakage rate was significantly decreased (P< 0.05), the number of PI red-stained cells
decreased (P< 0.05), the expression of caspase-3 was significantly decreased ( P< 0.05) , and the ratio of Bax/Bel-2 was
significantly lower (P< 0.05). The changes in the above indicators were more significant in the middle dose group, with
the differences between the high dose group and the model group not reaching statistical significance (P> 0.05).
Conclusions  Calycosin can optimize the growth status of PC12 cells following injury through oxygen and glucose
deprivation/reoxygenation, improve cell viability, inhibit lactate dehydrogenase leakage, and inhibit cell apoptosis by
reducing caspase-3 expression and the Bax/Bcl-2 ratio, effectively alleviating cell damage and playing a protective role.
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Note. A, Control group. B, Model group. C, High-dose of calycosin group. D, Medium-dose of calycosin

group. E, Low-dose of calycosin group.

Figure 1 Observation of cell morphology in each group under an inverted microscope
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Figure 2 Cell viability was determined in each group with CCK-8
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Figure 3 Detection of the lactate dehydrogenase leakage rate with LDH
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Figure 4 PI fluorescence staining to detect cell membrane integrity in each group
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Figure 5

Immunohistochemical staining for caspase-3 expression in each group
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Figure 6 Detection of the Bax/Bcl-2 ratio by immunofluorescence staining
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[ Abstract]  Objective
Gy vy-ray total body irradiation (TBI) in C57BL/6 J mice. Methods

To observe the changes in hematopoietic and immune function at 6 months post 4 Gy or 6
C57BL/6 J mice of 8 —12 weeks of age were
irradiated with 4 Gy or 6 Gy TBI. At 6 months after irradiation exposure, the peripheral blood cell count and classification,
immune organ coefficient, immune phenotyping of the peripheral blood and spleen cells, and expression level of splenic T
cell p16 were detected. Results Six months after irradiation exposure, the peripheral blood leukocyte and red blood cell
count in the mice exposed to TBI remained significantly lower than those in the control group. There was no significant
difference in the count of platelets in the irradiated mice compared to the control group. The result of the peripheral blood
cell classification showed that the proportion of neutrophils in the irradiated mice group increased and the proportion of
lymphocytes decreased, indicating a skew in blood cell differentiation. Compared with the control group, the thymus
coefficient in the irradiated mice was significantly decreased at 6months post 6 Gy TBI ( P<0. 05). There was no significant
difference in the spleen coefficient. Phenotyping of the peripheral blood cells was performed by flow cytometry. The result
showed that the proportion of B lymphocytes and NK cells in the irradiated mice remained lower than those in the control
group, while the proportion of CD4 lymphocytes in the irradiated group was higher than that in the control group. There was
no significant difference between CD8 lymphocytes and monocyte levels in the irradiated group compared with the control
group. The proportion of B220 cells was clearly decreased in the irradiated mice compared with the control group based on
the splenic immune phenotyping assay (P<0.01). Compared with the control group, the expression of p16 in the splenic T
cells of the 6 Gy TBI mice was increased but not significantly (P> 0.05). Conclusions Hematopoietic immune
phenotyping indicated the recovery at 6 months after the sublethal dose of TBI but the neutrophils in the peripheral blood
increased, and the thymus coefficient and the proportion of B lymphocytes in the peripheral blood and

continued to be

spleen were still lower than those in the control group, suggesting a long-term injury. These experimental result provide

basic data for the study of total body irradiation-induced long-term injury of hematopoietic immune function.
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Figure 1 Comparison of the peripheral blood counts between irradiated mice and control mice
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Figure 2 Comparison of the organ coefficient between irradiated mice and control mice
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Figure 3 Representative gating strategy used for the peripheral blood immune cell phenotypes analyzed by flow cytometry
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Figure 4 Comparison of peripheral blood immune cell typing between the irradiated mice and control mice
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Figure 5 Representative gating strategy used for spleen immune cell phenotypes analyzed by flow cytometry
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Figure 6 Comparison of spleen immune cell phenotyping between the irradiated mice and control mice
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Effects of risedronate sodium combined with simvastatin on tail
suspension-induced bone loss in mice
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[ Abstract]  Objective To compare the efficiency of single or combined application of simvastatin and risedronate

sodium on a disused osteopenia rat model with tail suspension. Methods Thirty 12-week-old C57BL6 mice were assigned
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to five groups of six mice each: control ( A), tail suspension (B), simvastatin treatment ( C), risedronate sodium
treatment (D), and combined treatment (E). All but group A received tail suspension, and the groups were treated with
the vehicle, simvastatin (5 mg/(kg-d) ), risedronate sodium (1 mg/(kg+-d)) or a combination of both, respectively. All
mice were sacrificed after 3 weeks. Micro-CT was performed on the left tibia to determine the bone mass and microstructure
of both the trabecular and cortical bones. Three-point bending test was used for biomechanical analysis of the left femur. The
right tibias were subjected to RNA extraction and PCR analysis of OPG and RANKL expression, and the right femurs were
used for protein level detection by western blot. Results Micro-CT: BV/TV and Th.N in group B were significantly lower
than those of the other groups (P < 0.05) , the Th.Sp in group B was significantly higher than that of the other groups. BV/
TV in groups C and D were significantly lower than those in groups A and E, while Th.Sp in groups C and D was
significantly higher than that in group A (P < 0.05). @ Biomechanical test: maximal loading and the elastic modulus in
group B were significantly lower than those of groups A and E (P < 0.05). @ PCR: the mRNA level of OPG in groups C
and E was significantly higher than that in group B (P < 0.05), and RANKL was expressed significantly higher in group B
than that in group A (P < 0.05). @ Western blot: the protein level of OPG in group A was markedly higher than that in
the other groups (P < 0.05), OPG in group E was significantly higher than that in group B (P < 0.05), and the protein
level of RANKL in group A was significantly lower than that in the other groups (P < 0.05). Conclusions Tail

suspension caused bone loss and deterioration of bone quality in mice, and simvastatin combined with risedronate sodium

treatment showed more substantial attenuation of these effects than treatment with either drug alone.
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RANKL 5N 28 [ B-actin 1Y OD {8, 18 W # It
EAE R HARX Kb &, 750
1.4 SZitZEAHZE

WCEE B AT S 98 B8 55 A Excel 26, 2K I SPSS
21 0 At Ge it 27 M. R 2R 07 22 40 by
(one-way ANOVA ) K50 2H 0] 22 55, W 41 ) L 58K
LSD-t K, SEEREE DO Y8 brifi 25 (& 25 ) R
L, UL P<0.05 Rz R EAGIEE L,

2 #R

2.1 Micro-CT #&illZ5 R

20 /IN BT v B R IO e R e S i A IO
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Figure 1 Representative images for micro-CT of mouse tibia

F1 JBEPEBERE micro-CT M5 (% +5, n=6)
Table 1 Results of micro-CT of cortical bone in the middle shaft of the tibia

Xof B 2H FEAIZH FARALITH I ZE IR B 2 KEIRITH
EEE2 (A4l) (B4l) (c4l) (D 4l) (E4)
Indices Control group Tail suspension group Simvastatin treatment Risedronate sodium combined treatment
(group A) (group B) group (group C) treatment group ( group D) group ( group E)
PERAS I E
" ‘ﬁ’/‘i\(]%) 0. 69x0. 02 0.610. 02 0. 63£0. 03° 0. 630. 02° 0. 66+0. 03>
g
R ﬁff(“m) 230.3+11 213.7£10.5° 214. 818, 5° 225.1:14.8 231213, 1™

5 A AR, P<0.05;5 B ALHEL,PP<0. 05,5 C 4IHEL,  P<0. 05545 D 41 HE, 1 P<0. 05,
Note. Compared with the group A, *P<0. 05. Compared with the group B, "P<0. 05. Compared with the group C, °P<0. 05. Compared with the group D,
1P<0. 05.

T2 JBEIEEAAE micro-CT PHTE5 R (% +5, n=6)
Table 2 Results of micro-CT of the proximal tibia trabecular bone

Xof HA 241 BRI FARALTTY FZE IR BN 41 KAERIT U
Eist7n (A4H) (B4) (CH) (D) (E#)
Indices Control group Tail suspension group  Simvastatin treatment Risedronate sodium combined treatment
(group A) (group B) group ( group C) treatment group ( group D) group ( group E)
L2 0 322
" 'e]“;i’]‘/‘i(]% 0. 180. 02 0. 08+0. 02° 0.11£0.01* 0. 11£0. 02* 0. 140. 02>
JERANETIY =) -1
" /J\”%%Zlil (mm) 6. 16+0. 37 4.92+0.75 4.34:0.82° 4.39+0.97° 6. 020, 84"
SN SRR
A ”f‘ﬁ< bm) 43.1323.94 33.5529.7° 41.58+2. 9" 41.4126.17" 41.5324.29"
NS
H] %6’1‘1&2?( pm) 152.56+9. 1 235.27+38. 2 213. 8+40. 8* 217.02+60. 1* 163. 7+22. 03
P AR BT
Dﬁ*i%%ﬁ 1.91+0. 27 2.45+£0.31° 2.53+0. 14* 2.27+0.08* 2.28+0. 26"

W5 A M, P<0.05; 5 B A H#,"P<0.05;5 C HH#H,P<0.05;5 D 4 H#,1P<0.05,
Note. Compared with the group A, P<0. 05. Compared with the group B, "P<0. 05. Compared with the group C, P<0. 05. Compared with the group D,
1P<0. 05.
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2.3 PCRE&MLER

SERF 2 1 PCR /A 45 S W, OPG 1)
mRNA FRik7F C E 45 T B 41(P<0.05), M
AL IA] FE R WL s 3 2 57 (P<0.05) ; RNAKL 7£ B
HEEBESHT A H(P<0.05), HA4H b A A
LB #2253 (P<0.05) , W4,
2.4 Western blot # il 45 R

Western blot 7381 OPG . RANKL 2% [ ik 45 5 5.
7:0PG TE A HRYRIR & = THRE (P<0.05) ,E
HBEHT B4 (P<0.05) ; RANKL 7£ A AR5 T
LT HARH(P<0.05) . 4nf& 2 Fis,

=R N N PR SRR ST o A
TR, — Bk AT, AR R T B
FREHRUTE TS, B RTR T2 PP B R AL ) &
PR ATy R R i, A R B T 7 R M AE B IR R
g JE N B R 1 B L, R BUS BN ik
PA =l N VRS R o= Wi R NSRS R
R gE 2 =R R Il TR
Y Micro-CT 43 BT & B B 78 /N BLUE 1 R B,
EFIR AR R 1K RANKL ik K F ¥, 0PG 7k
SR BN AR [R] B A T T R RN IR
TP X A R 4 R — 8 TR E
SR E AR T2 50 W 2 1 RANKL S i B

3 g NN
WS RO T s 2R EZEHLH
IR B JBC A P 75 Wk PR P 22 DL T 1 300 b PR A
R3 EWIIERINGER(x +5, n=6)
Table 3 Results of the biomechanical test
Xof HE2H 81K FHAMTT R HIFE R B4 &I
£ (AH) (BH#) (CH) (D) (E4)
Indices Control group Tail suspension group Simvastatin treatment Risedronate sodium combined treatment
(group A) (group B) group ( group C) treatment group ( group D) group (group E)
= s
Eijt%kﬁ 21.1£2.7 12.5+2.2% 13.4+£1.6° 13. 6£2.0* 15.1x1. 4%
Maximal loading
A I
9@ o 7.1£0.9 3.920.6° 5.3x1.3" 5.1=0.9° 6.2x1.5"
Elastic modulus
TE: 5 A 4LHHE,*P<0. 0555 B 4114, P<0. 05,
Note. Compared with the group A, *P<0.05. Compared with the group B, "P<0. 05.
F®4 PCRIGMAR(x s, n=06)
Table 4 Results of the PCR analysis
Xof B4 eI FARATTY I ZE IR IR BN 4 BRAIRITH
N (A4H) (B4) (c4) (D4) (E4)
Genes Control group Tail suspension group Simvastatin treatment Risedronate sodium combined treatment
(group A) (group B) group (group C) treatment group ( group D) group (group E)
OPG 1. 00+0. 17 0.94+0. 14 1. 17+0.21° 1.11+0. 18 1. 17+0. 20"
RNAKL 1. 00+0. 16 1.29+0. 21° 1.2+0.13 1.12+0. 19 1. 14£0. 15

W5 A A, P<0.05; 5 B 4 ER, " P<0. 05,

Note. Compared with the group A, *P<0.05. Compared with the group B, "P<0. 05.

1.0+

£ 084
A B C D E L

OFG e o o som w15 5 ()6

RANKL o - - - >
£z

Fractin - Z-; 0.2+
-3

ah

.5 A dHER,*P<0.05; 5 B 41 HA " P<0. 05,
B 2 Western blot f %5
Note. Compared with the group A, *P<0. 05. Compared with the group B, "P<0. 05.

RAMNKL

OPG

Figure 2 Resulis of the Western blot analysis
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Effects of sleep interruption on gait performance and cognitive
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Abstract Objective To study the effects of sleep interruption (SI) on the gait performance and cognitive abilit
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of SD rats. Methods SD rats were randomly divided into eight groups: SI 2 days, SI 5 days, SI 10 days, SI 15 days, and

their corresponding control groups, 8 rats in each group. Behavioral alterations in the gait detection (GD), open field

For the OF

test, the total distance, movement speed, total duration of movement, and movement time in the peripheral area decreased

(OF), and Morris water maze (MWM) tests were detected after SI for the indicated time periods. Results

following SI, and the total resting duration increased in the 5-day and 10-day SI groups compared with the control group (P
< 0.05). The GD result showed that compared with the control group, the stride time decreased in the 5-day SI group; the
walking speed, Lh-Rf double support time, and Lf-Rh double support time all decreased in the 2-day and 15-day groups,
while the Rh-Lh-Rf three support time increased in the 2-day and 15-day SI groups; and the Rh stride length decreased in
the 2-day, 5-day, and 15-day SI groups (P< 0.05). For the MWM test, compared with the control group, the latency of
place navigation of MWM increased between days 1 and 4 in the 5-day SI group, increased between days 2 and 4 in the 10-
Different durations of SI have

day SI group, and increased between days 1 and 5 in the 15-day SI group. Conclusions
varying effects on the result of the GD, OF, and MWM tests in SD rats. The GD test is a more sensitive method for

Chin J Comp Med, November 2019, Vol. 29,No. 11

evaluating the SI model than the OF and MWM tests.
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Note. 1, Video capture and analysis system. 2, Animal walkway. 3, High-speed camera. 4, Footprint

enhancement plate. 5, Background intensifier.

Figure 1 Hardware pattern diagram (left) and product picture (right) of the gait detection system
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Table 1 Effects of sleep interruption on the open field test in SD rats

sk 2.d 5d 10 d 15d
| z,m X B2 FETRIZH X B2 FETRIZ X B2 FETRIZ XF R ZH
frees Control group ~ Model group ~ Control group ~ Model group  Control group ~ Model group ~ Control group
B (em) 4476. 83+ 3905. 04+ 4737. 59+ 3237. 54+ 4704. 13+ 3620. 93+ 5015. 99+
Total distance 1454. 02 1164. 47 1183.23 892.76 928.24 586.61 " 1100. 95
SEATEFE (em/s) 7. 46+ 6.51+ 7.90+ 5.40+ 7. 84+ 6. 04+ 8.36+
Movement speed 2.42 1.94 1.97 1.49* 1.55 0.98" 1.83
BB REE] (s) 251. 64+ 221. 89+ 271. 71+ 166. 27+ 285.52+ 186. 08+ 299. 83+
Total duration of movement 90. 62 90. 25 86. 85 77.81* 66. 23 48. 65 76.03
#ELEU ] (s) 348.32= 378.07= 328.26= 433.70+ 314.44= 413. 89z 300. 14=
Total resting duration 90. 63 90. 25 86. 84 77.81" 66. 24 48.64™ 76.03
rhye Xz sh AT E] (s) 15.78+ 22.83+ 3.62+ 1.58+ 17. 29+ 10. 80+ 3.82+
Movement time in central area 3.87 2.04 2.13 2.25 5.67 5.23 2.85
Hh& KB shitE (s) 203. 88+ 138. 09+ 197. 78+ 115. 72+ 213.23+ 146. 54+ 212.49+
Movement time in peripheral area 74.59 61.51 62. 09 78.34 % 42. 87 43.91* 42. 15

TE: SXHEALILEL, " P< 0.05, ™ P< 0.01, R I,
Note. Compared with the control group, “P< 0.05, * P< 0.01. The same in the following figure and tables.

R 2 RN SD R BUKEE CEMATT) RIS R (& +5, n=8)

Table 2 Effects of sleep interruption on latency in the Morris water maze test ( place navigation) in SD rats

il 2d 5d 10 d 15d
i
Time Xf IR FRIZH X IR FLRIZH Xof IR RN ZH X IR FRIZH
Control group Model group Control group Model group Control group Model group Control group ~ Model group
P 1 -
;]ﬁ; )1: 66.41£28.94  59.93+18.45 48.90+23.12 97.03+26.97 ™  64.72+23.99 82.75+27. 66 51.48+19.03 98.05+28.27*
ay
H2R . .
Dav 2. 18.91+7.24 30.22+20.56  33.35+16.80 66.04+18. 40 24.67+12.24 47.69+21. 15 26.36x10.79 66.56+27. 67
ay
H3R ,
Dav 3 18.06+10.13  15.60+9. 84 20.29+10.23 59.20+13.25" 20.54+13.98 37.64x17. 41 14.51+4.32  43.59+17.22*"
ay
EUEPS . . . .
Day 4 29.50£17.22 14.73+5.63 10.95+3.41  51.50+18. 21 14.13+7.57 33.78+12.90 12.61+4.38 30.79+16.61
ay
CHRPN
Dav 5 16.72+6. 67 16.21£10.66  11.58+4.76  29.86=+15.04 19.67+13.05 12.27+7. 08 13.55+8.58 32.61+19.78"
ay
R 3 OMEIRTHO SD R BUKEE (2 HHIRR) WS (2 +5, n=8)
Table 3  Effects of sleep interruption on the Morris water maze test ( spatial probe) in SD rats
o 2d 5d 10d 15d
e WAL OBORAL  RME4L BURAL dMRAl BUEAl XAl Bomal
neees Control group Model group Control group Model group Control group Model group Control group Model group
FIAR SR 28 5 8

Times of crossing in the 1.67+£0.37 1.25+£0.28 2.50+0.56 1.40+0.19 2.25+0.16 1.50+0.31 2.29+0.20 2.00+0.39

target quadrant

FIARSRRIFRELL (%)
Percentage of swimming 0.35+£0.10  0.34+0.05 0.10+0.05 0.08+0.04 0.36+0.13 0.39+0.08 0.37+0.07  0.30+0. 12
distance in the target quadrant
H AR BRI 18] L (% )
Percentage of swimming time  0.37+0.10  0.36+0.07  0.37+0.09 0.33x0.02 0.37+0.06 0.42+0.09 0.38+0.08 0.30+0.02
in the target quadrant
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Figure 2 Effects of sleep interruption on the gait detection test in SD rats
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i) 2 M AR T X 2 ST 0 A2 A S ) R 48 3, R
RIAB AT HA AR AR 22 LURT BT 5% A5
S R FERE, AR R T 2 d.5 d. 10 d. 15
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Uox & DN R A & ve PR IR IALAE X /) BRUACHER.
i s A 1 9 A PR A A Y 52 Wil

BAT RERF FERRE OB ELRN
(LB AOEMIREERE R 5 2660215 2.7 B K FRBHGBFIEBE AR 78 266021)

[#H=E] HBY WAHIRREILESE (urate oxidase) FEH ( Uox) B (Uox™ ) H & 15 IR BR ILAEXT C57BL/6 J /N
TREE I R i A BRA A AE SR AR W2 AR AR R i . a3k BRI 6,12 Sl C5TBL/6 J BFAE AL (Uox™™) R
ATt (R 2R B R 5 (Uox™ ™) 1 BR R S MBS PR RS ( Uonc™ ™ ) B A /IR SBT3 82 1l A B
bR, R RESGR R, B 6 M Uo™ /NEARE B E KT Uox™ X B/NEL(P<0.05) ; HEPE
Uox ™ I Uox™ ™ /NI H 4t 35 35 T [7 JE I A /N B (P< 0. 05) | TS R 31 U™ ™ /N BRAARCH Z 8] o e 124 22 5 i
JESE G, 6 JEWE METE Uox™ /NN 12 8IS MEYE Uox™ ™ /N B JE S 35 75 T 1R JA 8 Uox™™* A1 Uox™ ™ /NRRL (P <
0.05) . MEFLEFFEFREE R BN, Uox™ /NRE A B0 (RBC) AT AR (HCT) SE-H2T 4RI AR (MCV) Fil
M4 1 (HGB) K B ER T Uox™ /N (P<0. 05) , 34T 26 vk & (MCHC) At /M B (PCT) & F Uox™*
JNER(P<0.05) ; Uox™ /IR RBC \HCT F1 HGB 7KFAAR T Uox™* /NR (P<0.05) ,PCT & F Uox™ /N (P<0.05)
ML AR AL TR FREE R R Uox™ /NRUAEE A (ALB) | ML 2 (TBIL) FI B #AH 41 & ( DBIL) K0 BAR T Uox™*
/N (P<0.05) , JREZ (UA) JULEF(CREA) JRZE A (BUN) i MH E B ( CHOL) FIME %5 8 154K 19 (LDL) /K %X 3%
F Uox™* /NR(P<0.05) , £ HLT Uox FER AR C57BL/6 T /INRELRN A= M4 50308 , Uox ™™ 1 & 85 PR R ILAE i
En RN EUAE nE | DIRE AR AR Ak,

[ 881 ]  PRERSAIOREG ; 5L R 5 v PRIGR LA ; 1% ; 26 PR A fb AR b 5 /N
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Effects of Uox gene knockout-induced spontaneous hyperuricemia on
body weight, blood pressure, and blood physiological and
biochemical parameters of mice

PAN Mingzi', HE Yuwei'"*, LI Hailong®, LIANG Nan', LI Changgui' **
(1. The Affiliated Hospital of Qingdao University, Qingdao 266021, China.
2. Institute of Metabolic Diseases, Qingdao University, Qingdao 266021 )

[ Abstract] Objective To determine the effects of urate oxidase ( Uox) gene knockout ( Uox™")-induced
spontaneous hyperuricemia on the body weight, blood pressure, and blood physiological and biochemical parameters of

C57BL/6 ] mice. Methods Both female and male C57BL/6 ] mice at six- and twelve- week-old were contained, including
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wild-type (Uox"*) , urate oxidase knockout heterozygotes ( Uox™” ) and urate oxidase knockout homozygous ( Uox™")
mice. Mice body weight, blood pressure, and major blood physiological and biochemical parameters were observed. Results

The average body weight of the 6-week-old female Uox™~ mice and all male Uox™ ™ mice was significantly lower than that
of the Uox™" mice (P< 0.05). The body weight of the male Uox** and Uox"™~ mice was significantly higher than that of the
female mice of the same genotype and age (P< 0.05), but the body weight showed no statistical differences between the

" mice of the same age, 6-week-old female Uox™~ mice and

Uox™™ mice of different sex. Compared with Uox™" and Uox"
12-week-old male Uox™~ mice had significantly higher blood pressure (P< 0.05). Blood physiological parameters showed
that the red blood cell (RBC), hematocrit (HCT), mean corpuscular volume (MCV), and hemoglobin ( HGB) of the
Uox™™ mice were significantly lower than those of the Uox™" mice ( P< 0.05), and their mean corpuscular hemoglobin
concentration (MCHC) and plateletcrit (PCT) were higher than those of the Uox™* mice (P< 0.05). Compared with the
Uox™* mice, RBC, HCT and HGB of the Uox"~ mice were significantly decreased (P < 0.05), while PCT was
significantly increased (P < 0.05). The blood biochemical parameters showed that albumin ( ALB), total bilirubin
(TBIL) , and direct bilirubin ( DBIL) of the Uox™" mice were lower than those of the Uox"* mice (P< 0.05) , and their
uric acid (UA), creatinine (CREA), blood urea nitrogen ( BUN), cholesterol (CHOL), and low density lipoprotein

+

(LDL) were significantly higher than those of the Uox™* mice (P< 0.05). Conclusions The basic biological data of

C57BL/6 J mice with the urate oxidase gene knockout were established. Uox™ -induced spontaneous hyperuricemia could

Chin J Comp Med, November 2019, Vol. 29,No. 11

cause abnormal changes in body weight, blood pressure, kidney function, and lipid metabolism of mice.

[ Keywords]

parameters 5 mouse

155 JR R MLAE (hyperuricemia, HUA ) J& H IR R &
S AN (B HEM A 5 1 AR, HoE X
SHAEIEF RSB RS, AR [R] H PR 2 i 1l bR R
KB B T 420 wmol/L, 2 PE T 360 pmol/
LU UTAEAC, B 2 AR T KT A 4 S A R A )
ARG, HUA 1Y U 22 4E Lo, IR R AR
a3 KEBFFEIESE, HUA S5 AERE MU 1
PR T 2 OB DRI R XU 1 & A & e )
MG, o f e N JSAd ) Bl X HUA BF9E10
TR AR A3 1Y) 155 DR IR A 3 A5 750l 48 7 H:
RARAL 55 B 2 36 97 25 4 iR 5 i DR A ), R
ATl FH 20 7 S B80S DR 20 0 A% T G ok
B/ B PR R S8 AL B (urate oxidase , Uox ) FE T
C57BL/6 J st &5 Se Ut 2 T Uox @R (Uox™ ")
ANERBEAY, B AY I PR R 7K P > 420 pumol/ L,
A & R PRIR INAE , 76 62 JE N AFTE 2290 40% , [A] i)
PEBE ShARES F i AR R A5 | I 0 25 43 00 52 i
AR ZE AL A RRAES ) 260 NS IR R M R
H, 0 HUA RIRHLEITEST Ko 250t & At 1 4 R 3
R B

A Uox™ ™ F & = IRIZ IfLEXT C57BL/6 J /1N
SRR I M I R A B AR AL 38 b 1 2 ), A 5T
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1 ##m7E

1.1 SRz

Hrles AR 1 6,12 JEE CSTBL/6 J R IR A AL
FERIRMR (Uox ™™ ) JRIRAEAEEIE R 22 G B (Uox™ ™)
JCEPAETR(Uox™ ™ ) XFRE/INGL, B2H 12 L MERfERS2e, WY
AR CSTBL/6) /INERIE [ LT R A XA R Ay
AR E] [ SCXK (1) 2014-0002 ], Uox™ /INELHIMEH
FrEsEgs ™ BRI UR 568 Uox W%t DNA
FF 51, R AN S A5 3 BE mRNA 751, 2 lbRic i
TALEN-L1 mRNA 11 TALEN-R1 mRNA , %75 )4 R
FRSEALBEE R R W () T il U, Fo A 28 1 %1
T R R A A I PR AR S WL R 63k, B3 A~
JPEGT ] CSTBL/6 J /NI 32 KGR L v, 45 21 FO
Rt BN FO UM SR AR NRIF 7458, 3RS
F1 ARG AN 28 B /N B 28 )5 R A5 PR IR S AL
SRR A A AR/ INER, BIR B & i PRI AT /) RS
Rl FiA /NI R SPF bR TR T 5 KRR
BERE SISt [ SYXK (£) 2015-0003 ] IVC TG
HRZET, A BRUOK B, 12 h BERIEH, Eil(22+
2)C MBS (7545) %o, SEHI AR FEASZMA L0 2K
FISCIRAE RS L S s Fe s s s d Y 3R J5)
KSR B YR A
1.2 FERKFSMNE

% E % CODA Monitor £ 3 £ il i EHI &
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BT RS, P K Roche cobas 6000 ¢501 4= H
SEAR T ORI RGR] , 5 5m BC-5300 4= H 3 1fil
SR 43 A AR TE 22350, B4 KFS1000 HL F FF,
Thermo Heraeus Fresco 17 flERHE LML, 0%,
EDTA.K2 HLEEE .
1.3 ZEWHE

INEVER R 6 R A 12 FEI% £ 0/ BAAE
I B i A BB A AL A
13,1 MRER A

56 12 h, FHHFRES SIRRBCIN R
1.3.2 IRy

{1 1135 45 CODA Monitor 22 3 ¥ £ 3 i )&
ML TCA I T 2R ekt /)y BRI s 364 Wl g /s
Rl =R DAL OIS EAE A e Al
1.3.3 Iy A BRAEBR A A
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JOAAFR 43> A 58 BE (RDW-C ) | £1 48 Jf 44 B 43 A 5
(RDW-S) FFI i+ (WBC) .
1.3.4 I A=A A5 bR r Al

/IS BRI /5 #5 k AAR 46 0.3 mL /)N U Dk i
EELEN,4C HE 20 min, 3000 r/min &0 10
min, B2 M98 EA7 1 AR e bR . 15 Wi A=
FEFEFR 9N BB 1 (ALB) AR A (ALT) |
A FEG S (AST) A W5 24 g/ 4% TN % 2 il ( AST/
ALT) GRZTZE (TBIL) | H AL &K (DBIL) | a4
JHZT 2% (IDBIL) | ik (GLU) . Hh = W5 (TG) Al
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1.4 SFitEHZE

SEIGKCHR YR T SPSS 24 Ge it A7 ph <7 RE
ENVR L e NSy =0 [R5 g e D S A € i
W2 (x £s )%, a=0.05 NKIKHE, P<0.05
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2 #HR
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T TR S MEPE/NBRL (P<0. 05) | TEPE FIMEYE Uox™~
INRZERE TS 257, SRR 5 12 4
1N RARE B G T 6 S/ NEUATE (P<0.01)
k1 A1,
2.2 Uox”" B 5 R B& M fE 33 /1N BRI & B9 $2 0

SER IR 6 P MENE Uox™ /BRI 12 J5 4 i
P Uox™ ™ /INERIML R 3 25 85 T Uon™* X HE/NER (P <
0.05) , Uox™ ™ /INERAS [ 14 1) K AS ] Ji % ) oty Fe L
WA Z, K2 K2,
2.3 Uox” B 5 RERMEX /R I il & B R
A

RN 3 iR, Uox™ /N HCT \HGB \MCH |
MCV .RBC F1 RDW-S #J & Z Ik F Uoa™ X I /N L
(P<0.05) ,1fii MCHC 1 PCT 5 T Uox™" XF F/IN B
(P<0.05) ., 6 JE#& Uox” /INEL HCT .HGB 1 RBC
WHBAR T Uox™ XF BN, PCT & T Uox™ X I
/NE(P<0.05) . 5 6 JE& Uox™ /INERAHEL 12 JE#E
Uox™ " /N MPV Al PDW B2 5 ( P<0. 05) , WBC
BERK(P<0.01),

£1 SHNREEIRER(x 25, g)
Table 1 Body weights of the three Uox genotypes of mice

Uox™'* Uox™'~ Uox™"~
bR Jli HfE Tt I i HfE T
Index Weeks old Female Male Female Male Female Male
(n=12) (n=12) (n=12) (n=12) (n=7) (n=9)
6 it 17.05£1.01  18.45+2.29  15.93+1.79  17.95+1.82% 13.22+1.81¢ 16. 04+3.7°
- 6 weoks .05+1. 4542, .93+1. .95+1. .22+1. . 043,
Body weight 12 JE#s )
12 VJ:J)P;Q 18.65+1.12%  23.77+1.84*% 19.30+0.98% 22.43+2.66*" 18.13+1.91" 20. 32+2. 26"¢

T« 5 AR I TR R R BLUMEEE /N A EE L * P<0. 05,4 P<0. 01 ; 55 I E BRI BE IR 6 JElIR /N AT EL " P<0. 05, P<0. 01 ; 5] I RIFE S Uox™* /N
FLL,©P<0.05,°P<0.01, T,

Note. Compared with the female mice of the same age and the same genotype, *P<0. 05, *P<0.01. Compared with the 6-week-old mice of the same sex
and the same genotype, "P<0.05, ®P<0.01. Compared with the Uox** mice of the same age and the same sex, “P<0.05, “P<0.01. The same in the
following tables.
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Lot

ax™"

b
=

Uar™"

(e
Blody wergli

ONDNEN

L E

Ape{weeks)
5 TR B IR 3 R R O N BROAH L * P< 0,05, % P<
0. 01; 5 [l FIRE KT 6 J& i /N AR L, 2 P<0. 05,44
P<0. 01; 5[] A B Uox** /NEAR L, * P<0.05, ™
P<0.01, TR,

1 =FvNRIARE L ss

Note. Compared with the female mice of the same age and the
same genotype ,* P<0. 05, *#P<0.01. Compared with the 6-
week-old mice of the same sex and the same genotype, ®P<
0.05, 22P<0.01. Compared with the Uox** mice of the
same age and the same sex, “P<0.05, ™ P<0.01. The

same in the following figures.

o T -

2.4 Uox” B% & FRER I EXF /N R I % &£ L F5 4%
Eap=A]

25K, Uox™ ™ /INEL ALB  TBIL F1 DBIL ik T
Uox™* 3T HR /N (P<0.05) , UA ,CREA .BUN , CHOL
MLDL & & T Uox™ ¥ H/NE (P<0.05,P<
0.01), W*4 K3,

wig

SR I RS A0 BIL i F 5 -5 BT 24
IR A B A7 T DR R ILAE Sl 5 0 3 22 0
BIEANMG A 2 | R TT 5 A e 2 R R A B | A
PRIRACHE Bk WiFh J5 v (9 I6G E HH , SR T, 3%
BETTIEATAETT ZEX /N B T 25 W Ak B 1ft DR 7R
KRR AT 1 25 L AR B it AT 1 A
FHAEGR R, Sl SRR T Uox™™ H R B3R
P MIAE /I BRSE R 2/ R A A 19 g L DR 1 7K
-, HAEMSARAF AR 40l HUA F5 B KRR A, FE S
SR ARG PR N O (R 52 G, B8 B T

3

Figure 1 Body weight of the three Uox genotypes of mice

Fz2 ZAVMRIMEMEZER( 2 +5, mmHg)
Table 2 Blood pressure of the three Uox genotypes of mice
Uox** Uox*~ Uox™"~
ity JEl i I i3 M i3 W i3
Indices Weeks old Female Male Female Male Female Male
(n=12) (n=12) (n=12) (n=12) (n=17) (n=9)
6 i 107.44+4.17 106.39+7.87 107.11+£6.73  99.86+8.65 116.72+9. 36 107.34+12.95
W45 & 6 weeks -
SBP 12 JEi
1 " 107.19+9.49 102.95+4.90 105.97+10.53 100.56+7.90 109. 14+11.37 110. 47+9. 50°¢
weeks
6 Ja i
90.11+£6.26  88.56+6. 66 90. 53+6. 45 84.58+6.85 99.02+10.22°¢ 90.42+11.50
APk R 6 weeks
DBP 12 JEis
88.17+8.83 81.82+3.10°" 86.96+10.32 81.41+6.44  92.54+10.78 87.42+6.49°¢
12 weeks
1504 Bl ot
B ot
= = 1004 . et
E i
ER EE EE et
Hﬂ 0 I:E = ks
g ﬁ 504 Lo i i
=2 a3
D-
R &R JRE )
Ape(weeks) Ape(weeks)
2 RIS R AT TR R LA R

Figure 2 SBP and DBP of the three Uox genotypes of mice
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Sk REREAL Y A AR SR
S NFEIRHLHI BT 58 S 25 Wi vh AR SE 56 i
00 2116 FN LA AN TR] Uox FER Y CSTBL/6 T MEYEFN
TR /N B AARTE il i DA R 1t A B A AR 48 s 45 3
AW R B Uox™ ™ H K 1o IR R ILAE BE 98 %63 /)N
FUARE I B DRE e 2SI DL B i AE S bR
A Oz RN SRR S

6 JEIWEMEME Uox ™~ /INERAT 12 FIY Uox™ ™ /NERAA
Y EANT Uon™™ X BN B, 33X 55 1 R WH 4% 51
HUA FERERERE R BIEAR R D ARG 45 R —2L,
AROE S R B L 2545 5 0 HUA AR/ R

AW WAL T X BN, AT RE B T HUA 520 4R 4 |
HARE RA K AT g,

12 JA RS HEYE Uox™ ™ /NER AT 6 JEIR METE Uox™ /1N
SR I 2. 5 F Uox™* XFRE/INERL, 5 Lu Jie 55098 A0
SRR Y R IRHGE S A TR A E A s A R &
B, HUA 2 e MR 0 BN fE R R R, — 5 T REAF
FEREESERTY HUA Al AR — A AL A G R
PR B R -1 Bk R R G AL SO MR KF
FrE " A SR A 45 T R DR IR 25 0 i bR R
IR E) 1E 5 MR AS T R Uox™ ™ /N R

AR PRI TE P S R AR B R

F3 ARG B RRINEE R (% +5)
Table 3 Blood physiological parameters of the three Uox genotypes of mice
Uox*'* Uox™'~ Uox™"~
Bl £zt I e it e hfE Tt
Weeks old Indices Female Male Female Male Female Male
(n=12) (n=12) (n=12) (n=12) (n=6) (n=9)
HCT(%) 49.66+3.17  48.19+6.07  43.37£6.95°  44.91+6.81  40.70+3.70°¢ 44.93+3.28
HGB(g/L) 153. 00+5. 50° 152.00+8.50 134.88+21.91¢ 134.00+16.33¢ 132. 80+12.72¢  138.43+7.28°
MCH( pg) 16.64+0.43  16.06x0.78  17.15+0. 83 16.93+0.53¢  16.22+0. 83 16. 100. 36
MCHC (g/L) 302. 14+8.86 295.27+7.47 303.14£7.58  302.29+7.65 319.60+7.06°  310.11=+8.21°¢
MCV (fL) 54.06+2.25 54.30+1.61  56.09+1.90 56.45+1.91°  50.74%3. 43¢ 51.87+1.47°¢
MPV ({L) 6.43£0.71  6.06+0.65  6.00+0.33 5.99+0. 54 5. 48+0. 34¢ 5.79+0. 57
66 Ei PCT(%) 0.63+0.09  0.63+0.07  0.610. 11 0.74+0.09*  0.70+0. 04 0.77+0.07¢
PDW (%) 15.28+0.32  14.96+0.27° 15.16x0.24 15.06+0.21  14.78+0. 28°¢ 14.90+0. 22
PLT(10°/L) 1011£150. 03 1053+138.60 1037+99. 56 1199+121.02¢ 1283+110. 80  1279+103. 56¢
RBC(10'2/L) 9.19+0.49  9.42+1.05  7.92+1. 64 7.96+1.19¢  7.78+1.10° 8.38+0. 81
RDW-C(%) 17.15£1.20  17.21£2.06  19.14+2.38°  18.40+0.87  17.22x1.14 15.700. 53%
RDW-S( L) 37.73+2.20  37.18%3.32  41.90=5. 13 43.46+2.66° 35.82+4.36 33.98+0. 64°
WBC(10°/L) 8.52+1.93  7.13+1.89  11.25+4.19 7.83+2.58  10.63+1.11 10. 14+1. 60¢
HCT(%) 49.60+1.98  51.02+2.03  48.08+2.12  49.09+1.50  42.15+3.12¢  43.21+3.24¢
HGB(g/L) 150.45+7.39 152.82+4.96 145.82+6.87  147.60+3.50 130.00+11.78% 133.86+9. 12€
MCH(pg) 15.81+0.33% 15.43+0.25% 16.04£0.37%  15.36+0. 438 15.63+0.75 15.51+0. 27"
MCHC (g/L) 304.58+9. 16 299.82+7.56 302.67+6.68 299.42+5.13  308.00+6.81"  307. 148. 44°
MCV ({L) 51.98+1.35" 51.43x1.24% 53.03+1.33% 51.32x1.61%% 50.72+1.42 50. 64x1. 46
. MPV ({L) 6.12£0.36  5.84x0.31 6.55£0.68"  6.28+0.65°  6.55+0.36" 6.71x0. 518
llj‘tiii PCT(%) 0.64+0.08  0.69+0. 10 0.73+0. 10"  0.72+0. 10 0. 67+0. 10 0.72+0. 13
PDW (%) 15.18+£0.20  14.96+0. 15* 15.31+0.09 15. 11£0. 18*  15.30+0. 30" 15.21+0. 20%¢
PLT(10°/L) 1078+68.94  1169+59. 94" 1229+186. 78" 1236+186.74 1050+141. 82"  1208+157. 41
RBC(10"/L) 9.35+0.82  9.92+0.38*  8.98=0.64 9.35+0.805%¢  8.30+0. 42°¢ 8.29=+0. 68¢
RDW-C(%) 15.04+0.74%  14.68+0.33% 15.29+0.73%  15.07+0.87% 16.75+2.27¢ 15.28+1.21
RDW-S(fL) 32.75£2.57% 31.06+1.21% 33.44+1.84" 32.38+3.01% 34.73+3.76 32.02+2. 63
WBC(10°/L) 6.05+1.58"%  6.76+1.69 5.37+1.76%  6.40x1.54 5.22+0. 828 7. 46+0. 608
40 -
= 5 30 < m=Lox.”
=] = b= .
% = o -3 i
= 3%

b 12 [
LESE
Age(weeks)

3

LE T
Ape{weeks)

=#h/NEL UA .CREA BUN HAs4h

12 b 12
J e
Age{wecks)

Figure 3 UA, CREA and BUN of the three Uox genotypes of mice
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F 4 —HFUNRIMEAALTEFRRINEE R (2 +5)
Table 4 Blood biochemical parameters of the three Uox genotypes of mice
Uox™* Uox™'~ Uox™"~
BEE (7N I i3 ifE e I i
Weeks old Indices Female Male Female Male Female Male
(n=12) (n=12) (n=12) (n=12) (n=6) (n=9)
ALB(g/L) 42. 04+3. 46 37. 88=4. 52° 41.86+1.73 37.49+3. 47* 39.40+3. 44 37.83%2. 15
ALT(U/L) 28. 40+4. 40 36. 008. 66° 36.29+7.97¢  34.88+11.42 38. 60+6. 66° 29. 88+5. 84°
AST(U/L) 56. 56+9. 04 52.91+8.77 55.38+7. 65 48.00+6. 13 61. 80+2. 05 61. 14x7. 03¢
AST/ALT 2. 12+0. 42 1.52+0.33* 1. 70+0. 32° 1. 69+0. 46 1. 64+0.30¢ 2. 19+0. 324¢
TBIL( wmol/L) 1.2320. 47 1. 28+0. 56 1. 30+0. 37 1. 1320. 52 1.7420. 53 1.2+0. 68
DBIL( pmol/L) 0.90=+0. 24 0. 96+0. 32 0.93+0. 27 0.90+0. 33 0.72+0. 13 0.76+0. 13
] IDBIL( pmol/L) 0.33+0.31 0.33+0.29 0.38+0. 21 0.23+0. 31 1.02+0. 47¢ 0. 44+0. 61
:iﬁi GLU(mmol/L) 7.24x1.38 9.46x0. 94" 8.18+1.48 8.52+1.75 7.27+1.22 8.501. 84
TG ( mmol/L) 1.23+0. 15 1. 47+0. 30 0. 96+0. 04° 1. 28+0. 29° 1.00+0. 31°¢ 1.3120. 47
CHOL( mmol/L) 2.34+0.33 2. 68+0. 18* 2.26+0.20 2.51£0. 19* 2.41x0. 42 2. 68+0. 30
HDL( mmol/L) 1. 79+0. 35 2.10£0. 17° 1.78+0.22 1.96+0.22 1. 88+0. 48 2.08+0.28
LDL( mmol/L) 0. 38+0. 07 0.370. 08 0. 40+0. 08 0.39+0. 11 0.48+0. 15 0.510. 16°
BUN( mmol/L) 10. 77+1. 50 8.06+1. 784 7.93+1. 89¢ 8. 54£2.20 17.96+3. 08¢ 19. 68+8. 37¢
CREA( wmol/L)  19.89+4. 04 23.36+4. 18 17.00+4. 97 18.38+5. 85 27. 40£6. 66° 30.22+8. 80°¢
UA(pmol/L)  133.10+26.88 131.91+35.91  110.29+35.62 121.13%22.47  551.00+116.27¢ 505.13+179. 16°
ALB(g/L) 42.69+2. 33 38. 87+2. 20" 39.69+3.19°  38.04x3.33 39. 48=+3. 44° 38.56+2.74
ALT(U/L) 22.42+3.06%  34.50+5. 444 30.20+5.57%  26.92+4. 14¢ 21.67+1.63" 27.43+4. 50
AST(U/L) 48.75+6.73"  58.00+6.95% 58.00+7.04%  48.15+7.88%C  49.00+2.76" 47.33+3. 085¢
AST/ALT 2.050. 44 1.79=0. 44 2.07+0. 55 1.70+0. 41 2.27+0.20" 1. 85+0. 244
TBIL( wmol/L) 1.91+0. 63" 1.70+0. 42 1.47+0. 52 1. 57+0. 67 1. 83+0. 46 0. 94+0. 36"¢
DBIL( mol/L) 1.25+0.20"% 1.23+0.33 0.97+0.22¢ 1.15+0. 30 0. 87+0. 08"¢ 0.83+0. 18
IDBIL( pmol/L) 0. 66+0. 61 0.47+0. 25 0. 50+0. 40 0.42+0. 43 0.97+0. 46 0.11£0.21%¢
fjii GLU( mmol/L) 9.17+1.78" 9.75+1.15 8.26+1.77 9.37+2. 11 8.48+1.05 9.39+2.43
TG ( mmol/L) 1.170. 56 1. 40+0. 37 1.35+0. 36" 1.3120. 41 1.28+0. 36 1. 1620. 24
CHOL( mmol/L) 1.96+0. 23" 2.25+0. 1848 1.97+0. 54 2.43+0.21° 2.46+0. 42¢ 2.79+0. 35¢
HDL( mmol/L) 1.74x0. 34 2.11x0. 24" 1.75+0. 48 2.100. 26 2.13+0.24 2. 47+0. 26¢
LDL( mmol/L) 0.34=0. 11 0.35+0. 06 0.48+0.11¢ 0.38+0. 07° 0. 40+0. 06 0.37£0. 09
BUN( mmol/L) 9.00=+2. 00 9.09x1.39 9.30+1.33 8.79+1.06 21.77+7. 82°¢ 19. 07+9. 32¢
CREA(umol/L)  20.73+2.33 20. 50+2. 81 18.91+4.01 18. 62+2. 43 27.33+6.31°¢ 27.00+4. 83°¢

UA ( wmol/L) 79. 64+28.96" 138.75+35. 69*

91.50+26.85 126.23+32.65" 491.83+62. 11¢  452.86+80. 83°¢

Uox™™ [ & {5 PRI IS E %52 M) /1N R 1l A G
MR bR, 5 Uox™ X BN AR L, Uox™ ™ /INER
RBC ,HCT ,MCV ,RDW-S HGB F1 MCH & & [k,
Uox™ " /INEL RBC . HCT F1 HGB 11 i F#A% | 3x 5 I
RAZEH] HUA ££F6 1. RBC . HCT HGB #1 RDW 1§
FrFt A BLGAR B2 EA A I R SC kAR 8 R T
R R A8 S350 B i PR I INLE | 5 I 02 4 5 i
TREIRIL 22 IR LI FE bR B9 AR 4R 1T BE 5 IR R
S A Tl R) R 5% 38 4% 5 HUAH DG, Uon ™™ /N BB AL 2
A5 AT T UL 2 AH GBI T 5 1 Tp itk — 20 WA

Uox™™ A K& = IR ILAE /N B UA .CREA i1 BUN
AR RR B BT Uox™ XTHR/NRL, K Il PRA
FERIN, MR R AKF- T e S SR B B s E 4 A
IS Th TR 8 11 R0 2R S S 8 i HUA nla i
45 HBHZE B /N B R S RN M 5 5 Al R T A

ML 1 254 S IS, ELR RS R UE S
Wi IR R R S R TR T Vo™ /N 4181,
Uox™ /IR 6 JEI I 5L E 300 2 5 ThRE 32 45, 4R
/N R AR5 R 155 R S B B ABUASE AR

Uox™™ /N B A 52 50 25 4 28 1) 6] D A4 3k PR
Bk 9 & = PR IAE /)N USRS | LA 2 e o il =
ARG, X =FORE Uox FEHFY C5TBL/6 ]
AINERAMAREE | Ifin e R afi i A= B A AL S A R A5 A I, B
W T Uox™™ H % i DR R ILAE X /1 B L 34 48 B 19 5
M) , Sy Ji A A 2 2 U R FH 2% 30 5 0 DA = 5
R R 8 M ' s & o WL T B 5% Ao L 25 ) I &
BESE T AR,
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[ Abstract ] Objective  To investigate the regulatory effect of nuclear transcription factors thyroxine receptor
(TRB) and retinoic acid receptor X (RXR), as well as the agonist T4, on Cdc42-interacting protein 4 ( Cip4) gene
expression. Methods The Cip4 gene promoter of Mongolian gerbils was cloned into the luciferase-reporter sequence of
pGL3 basic to construct a new plasmid pGL3-Cip4. Coding sequences of transcription factors TRB and RXR were cloned
into pcDNA3. 1 eukaryotic expression vectors. pGL3-Cip4, pcDNA3. I-TRB, pcDNA3. 1-RXR, and pRL-TK ( reference
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plasmid) vectors were used to transfect HEK-293 cells to form a luciferase double-reporter system for the Cip4 gene.
Transfection efficiency was optimized by adjusting the ratio of these plasmids. The agonist T4 was used to analyze
transcriptional activity. Results Transfection efficiency and luciferase activity were the highest when a total amount of 2 g
plasmid and a ratio of 20:1 between the ( promoter + transcription factor) and pRL-TK. RXR could significantly increase
Cip4 gene transcription of (P < 0.05), whereas TRB did not alter Cip4 transcription (P > 0.05). Thyroxine T4 could
enhance RXR upregulation ( P< 0.001), while a combination of T4 and TRB downregulated Cip4 transcription (P <
0.05). Levels of Cip4 transcription were significantly downregulated in the presence of T4, RXR, and TRB (P < 0.01).
Conclusions T4, TRB, and RXR had coregulatory effects on Cip4 gene transcription in Mongolian gerbils; moreover,
they simulated the process of ligand T4 agonizing TRB/RXR to activate Cip4 gene transcription. These result indicating that
Cip4 transcription was significantly affected by the RXR signaling pathway lay the foundation for revealing thyroxine’ s
mechanism of action in human nonalcoholic fatty liver disease, as well as the study of ligand-agonizing nuclear transcription
factor regulation of Cip4 gene expression and related drug screening.

[ Keywords]  nonalcoholic fatty liver disease ( NAFLD) model; Mongolian gerbil; Cip4 gene; dual-luciferase

reporter gene system; retinoic acid receptor X( RXR) ; thyroxine receptor B(TRB)
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Figure 1 Plasmid map of the transcription factor TRB
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Table 1 Plasmid grouping of TRB on the initiation of Cip4

R S OB &
No. Plasmid groups
1 pcDNA3. 1 + pGL3 basic + pRL-TK
2 peDNA3. 1 + pGL3 basic-Cip4 + pRL-TK
3 pcDNA3. 1-TRB + pGL3 basic + pRL-TK
4 pcDNA3. 1-TRB + pGL3 basic-Cip4 + pRL-TK

F 2 RXR.TRB X} Cip4 i alifF 1 FORE 53241
Table 2 Plasmid grouping of RXR and TRB on the
initiation of Cip4

5’ -CCTTTACATTTCTTCTCCTCCGTTTG-3 ", A Bt K
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149 Jo AL A1) FH i J5 AR B G ) 7 vk B YL %) HEK293T 4
Marh, S B BB 45 L R LA Cipd 5 RXR/

FF5 L Orivaiives
No. Plasmid groups
1 pcDNA3. 1 + pGL3 basic + pRL-TK
2 pcDNA3. 1 + pGL3 basic-Cip4 + pRL-TK
3 pcDNA3. 1-RXR + pGL3 basic + pRL-TK
4 pcDNA3. 1-RXR + pGL3 basic-Cip4 + pRL-TK

5 pcDNA3. I-RXR + pcDNA3. I-TRB + pGL3 basic-Cipd+ pRL-TK

(2) WHOER BN - DR A A - LA

YA W 200 pL, IR E 10 min, 7550 24/ 20
Ji s QUS4 % 10 000 /min B0 5 min, B IHAE
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Figure 4 Expression of RXR and TRB in HEK293T stimulated with 0. 01 wmol/L T4 for 24 h (left) or 48 h (right)
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Figure 5 Expression of RXR and TRB in HEK293T stimulated with 0. 1 wmol/L T4 for 24 h (left) or 48 h (right)
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Figure 6 Expression of RXR and TRB in HEK293T stimulated with 1 pmol/L T4 for 24 h (left) or 48 h (right)
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Figure 7 Detection of double luciferase reporter for

TRB and Cip4 promoter
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Figure 8 Detection of double luciferase reporter for
TRB, RXR, and Cip4 promoter
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(P R o B IR 2 S s WU T BT, U S BIMRIT S 2 5 LU A B2 v | T A P A A% S sl D R R AT 5 I i
e, AR A 2 5 o NP LU AR R~ T S0 3, bt 100021)

[HE] BH# @3 /DRPUERIEHE g6 Pidk BELISA & 73k, TR /N RS F R0 A 8, 3%
T 35 1E B S A R i B A R N U AR B AR ARSI s IR RO iR B R S RO R AR AT A

Mr; 57 SR & — R R T/ BURE R OGN B 5 3% ELISA &%, B8R 1% ELISA 5 Bk iy RE S iR
B2 1:100, P A 2 40 ng/mL, AMEIG AE K 0. 121, 3% ELISA 7745/ BUH W 25 P I 375 658 R
N R v B R R 129 we/mLs HEAR IR EE AR T REUNT 10% . SR &R 520 100% ., it
BTN EESL /N B R R 5 TG iR ELISA & 7%, T 7 FH 4 K0 /s BRASE B 1 20 BT LA R v A0 1 DAl T
(ELEN

[ K48R]  FERIET TG Pk /R ELISA 4y 72
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Establishment of an ELISA assay for the detection of mouse
IgG antibody of rabies virus

CAI Fangzhou, CHEN Qian, TONG Wei, LI Dan, WANG Wei"

(Institute of Laboratory Animal Sciences, Chinese Academy of Medical Sciences (CAMS) ;
Comparative Medicine Center, Peking Union Medical College (PUMC) ; Beijing Key Laboratory for
Animal Models of Emerging and Reemerging Infectious Diseases; NHC Key Laboratory of Human
Disease Comparative Medicine, Beijing 100021, China)

[ Abstract]  Objective To establish an ELISA assay for the detection of mouse IgG antibody to rabies virus.
Methods Orthogonal experiments were used to determine the optimal dilution of the sample and optimal concentration of
the secondary antibody. The stability, specificity and sensitivity test of the assay was determined. The assay result of these
samples were compared with those of a commercial kit. Results The optimal dilution of the sample was 1:100, the optimal
concentration of the secondary antibody was 40 ng/mL, and the cutoff value was 0. 121. There was no crossover with the
common mouse viruses, and the minimum detection sensitivity was 129 wg/mL, and the coefficient variation of the three
replicates of the sample was less than 10%. The coincidence rate with the commercial kit was 100%. Conclusions An
ELISA assay for the detection of a mouse IgG antibody to rabies virus was successfully established, which can be used for
detection and analysis of rabies mouse models.

[ Keywords] rabies virus; IgG Antibody; mouse; ELISA; detection assay
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FE RS2 —F FH AR BF ( rabies virus, RV) /&
P [ S YN, 212 A0 1k M — i SE R R i
100% 9 ZUPE AL e FR R R A — KIER
st & L AR T ED B 5 1949 4F & 2015 4F, 38 E kK
R4l 5 AF KA 130494 6], P-4 4347 1977 610, 3
AR E At S LRSS 1, TR EAE R % 151
Free PR (B RSB IE T 8070 v 8 A Yo R 5 L
WRIRHESN A 2, R0l 20 AR R Al B A Al 35,
Bk (A2 T T FH T A K B 58 i ok 2% R i T
— H W, W TCA ZLRIE T ks, R, 58
SEAE RS Bh B | A R A R 2 1 AL, TR R AT
R L ARAILT , Xt FAE R 1 Bl 3 1 HA 3R 2
MBS R S, SEg /N UL SR AL 75 ey — S
YRR 5256070 58 35 8 0L A, % FAE RS M &
Soa ML FF 55 B 190 B 88 v R AR

kTR AR R 9 BE B 98 TR S5 /)N BRI f 8 K
S BRI /N BRI O R BB K O
AR 5 2 A 4 T A B AR 4L 4L (OIE ) HE 7
PR T Th AR (FAVN) |, DU 5 T AR
HZ(WHO ) #EFZ R P G ;4 i3 5 ( RFFIT)
A I Sl s A AR P9 AE R R AT AR K 5 (3
BB I 25 A BURR N 7 v . LTI, i SE AT
PN N e N NN e VA e B S |
F ELISA S0 /N BRI T e e KA 3 1eG Hiikn
Dy, AT HFAE R /0N B A 1) 43 BT LA B2 38 1 3o
IPEA .

1 #erE

1.1 SRIEHR
111 SEsh¥

SPF 2% KM /MR (M, (K EE 12~ 14 ¢,3~4 A
%), b st A B AR W R B A R 54T 4 Al 4
HE[SCXK (%) 2014-0004 ], FF5E K95 75 BH A 1t
AP 0 . S e R S S A TR
= 24Pl B I 27 S 00 s Wik 9% BT A2 W) &% 42 — 4 B
Y)sLh s (ABSL-2) 08 3R RN kAT, shi s
J5 S5 3 v ] 2 2 B o B 15 2 52 55 3l W wF 5 BT S
Wah Wl 5 A E R S (S
WW18003) .
1.1.2  SZERRES,

AR 8 PH P 00038 0 B2 0 38 PR A PR B
4, BRI e 1.3, 1, H TR S

/N2 EE /NP R IO B 100 289 /N BRL At /)N
B /NREMEE DRI EE DRI SR D
BRI S 7 U L 40 Jk 285 DA 55 58 3 = 114 B
PRI K A [ B 2R 22 B 18 27 52 55 3l ) i 5
Kbl | S D (TFA ) BRIA FHE , SRR 14
AMET 1:320,
1.2 FERKFSMNE

TER 92 T ] S A v ) 1 v I 2 A
SERFIE R 5k 250009-201108, %4 M 6. 61 U/
mL, FERIG B B S 99006 9 f FL A (96 flFL i) |
TMB A 2 (Rl ) (PBST Peik 51 A Jb
wt s F AW B R A R A (S
20180906) , HRP Fric (11 EHi/N R 1gG Pk (4%
5. ZB-2305WW) I FAb 5t R AZ S A B AR A [
oA, PR M B R 400 pg/mL, PBS (% 5.
SH30256. 01) M 1 HyClone 23 7], BEFRAL (15,
FLUOStar Omega) 5 E BMG Labtech 2\ &1 477,
1.3 XWHE
1301 /N EUHE I v R P A I e 1) il %

FERPE 1 [ bR o 5 PBS A B 1125, 4
HUNEUE S 0.5 mL,0 d .7 d #hos, i 2 I,
B RIENT 14 d /NEUILYE , SEAT UM R 6 B AT
PRSP € S b 41 i X 36 ( RFFIT) W, AR 4%
WHO $5 FJ5 00, RFFIT 4558 KF 0. 5 TU/mL AFE
W A PHPE ML . PHE SR A G, 1 BSA Jrik
W2 HAWE N 64.5 mg/mL, BTG K B R HgE
/INER, RFFIT S2E B DA AR B2 AT Th AR |
1.3.2 ELISA JikiySEA G

FERR 9T R A 8 B b m 22 oo = 28 W 2L AR
A HRRA AR AN 96 LA ] 4l Ak B A E K
BEIEAT AL, AL B IR B (0. 05 mol/L pH 9.6
HIBRBRER 28 hE , 0. 05 mol/L 5% ) 7 B& J5 i A AL
M, &AL 100 pL,4°CHFE 24 h, T I A A
(0. 12% Tris ZZ P, & HE M), HFLEK 200 pL,
4°CHFH 24 h JET . XHugibu T 2 BS54
TRAET 4°CUKA . RAFIER IR PR R Z )5,
) HA A PBS R LT B A | 37°C 55 35 46 rh i
B 30 min; PBST ¥4 5 ¥, A PBS #i B HRP #x
RSN R TG Brik, 37°C H 358D E 30
min; PBST ¥4 5 W, A B AJEY A (0.05 mol/L
pH 5.0 4 Na,HPO, —F7 1 R 28 vh ik , & H,0,) M ik
Y B(0.01 mol/L pH 5.0 #7418 2% il , &
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EDTA-Na, ,PUH B i TMB) ,37°C 1 €5 15 min;
AL (0. 5 mol/L H,S0, ) , JHI BRI & i K
450 nm 4biY OD fH,

1.3.3 S nfiie

SR A o ) B A R T S B B R AR VR
AR SCHR Y A FH I 28 S50 1k A Ak ELISA SE 56 4%
ff. FEm AT PBS #EAT RV R, il I 2 50
FREN 4 DM RERE 43908 1:50 ~ 1 :400; HRP #Ric
ML =EHT/NR LG PURWLE T PBS #E1T R0 B,
RISV A5 B 5 D BB 1
2500~ 1:40 000, ¥ £ 4354 160 ng/mL .80 ng/mL .
40 ng/mL 20 ng/mL 10 ng/mL, FEWLFE 1,

R Bl B A I 7 1 A T 25 2R, &5 A SR, IR AR
PG 05 280 5 I S (cut-off {H) 1HE A,
cut-off fH = x +(2xSD) M HU{H .

1.3.4  JriEFe e

fidfi 111 ELISA J7 4600 52 95 /0N BRUH 0996 2% 1Y
PRV IV, B 45 70 BUTE 2805 B2 /) BUVE i I 2 101
R NRERNE BE D B2 TR B D BURE BE LD
SR 5 9 25 /0 B A 2 0 7 | T L2 4T Dk 25 P\
G S 4 5 B 1) PRV IV, A B /0N BRUBH P L Vi 5 4
HEERR A A B, NI 1200 I AR Rk
1.3.5 kU@L

fifi 11 PBS Z 0GR BV I3 , B B2 40301 A 1
10.1:50,1:100,1:500,1:1000.1:5000.1;10 000,
1:50 000,1:100 000.1:500 000.1:1 000 000, ¥ &
435K 6. 45 mg/mL . 1. 29 mg/mL 645 pg/mL . 129
pe/mlL, 64.5 pg/mlL, 12.9 pg/ml, 6.45 pg/ml,
1.29 wg/mL 645 ng/mL 129 ng/ml 64.5 ng/mL,
FH#EEST 9 ELISA J7 ik A7 R, ff 2 FLRE A H FH
PR TR S AR At iR B2, DA T A 320 1k AR U
1.3.6 JrikHEEENI

VEPEAS TR 1) 2% 0 BH A 1 WS REA 45 3 4, 48

3 RE AR BRI F]—FEAS B 3 A5 AL B R
FEFR, IFITHELZRRZE(CV=(SD+MN) x
100% ) 17, i 52 1207 vk i i 2
1.3.7 fFERa5

WA S ST Y 1) 4% ELISA J7 15 5 36 [ Alpha
Diagnostic International 23 &) 1) [] #1530 5] & Mouse
Anti-Rabies IgG ELISA ( %85 ; 600-030-MRG ) H. %%,
ST A I 45 R — B AT AR

2 #R

2.1 (8% ELISA S ETEEGHNHE

HEEST % ELISA J5 vk, {f ) IE 238 52 5 7 s (3R
1), B 7 A i %) S5 AR 88 B R — pi e T AR R
FE o ARAE SR AE I B A R SRR R EE A B R, OD (H.
BTN ; BP0V BE A FEAIX, OD {8 32 i B A%,
FFPEm i, % BMEHMERE S OD,, fH> 1.0, FIPE
45 0D 5, fH <0. 1, P/N {H 5 K1Y S50 240 A 0 et
HAMFRES T % BLIZ ELISA AORE 5 e FERR B
FEJE 1100, —PriefEWR BN 40 ng/mL, 453 UL 3%
25 S S FHZE T AR HEA TS0
2.2 5 1E ( cut-off &) HIFAE

Rl 1% 7 15 B I A (cat-off H) , f# FH &
ST AN ELISA 736X} 33 403 BA M I 7 8 47 0 5
B A2 AL, AR R OD FIE( 2 )N
0.061, bR 2% (SD) K 0. 03, IR cut-off {4
=x +(2xSD) " 8 H il A AA (cut-off {H) Ky
0. 121 (WL 1) o DA, Y75 4G 18 #F A 3 &2 0D
=0. 121, BU AT o BHAE; 2 24 0D<0. 121
WA B
2.3 FEEHRME

R S YR ik il B VA TR 2
ELISA J5 A0/ BUH 58 /IS BT iz D105 3 101 AU
/N /NI RE /D BRI EE /D BB EE /N BRI

R EIRERILI
Table 1 Level of the factors in the orthogonal experiment

YU R R

Dilution and concentration of secondary antibody

F5 FE RS
Serial numbers Sample dilution
1 1:50
2 1:100
3 1:200
4 1:400
5 /

1:2500 (160 ng/mL)
1:5000 (80 ng/mL)
1:10 000 (40 ng/ml.)
1:20 000 (20 ng/mL)
1:40 000 (10 ng/mL)
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R 2 AEFRAEULTE 5 A R Z SRR 0D, (B

Table 2 OD,,, value of ELISA with different dilutions of serum and different concentrations of secondary antibody

7 L R e TR (/l)
L oncentration of secondary antibody
Sample type and dilution
160 80 40 20 10
BHPERE f Positive control 1.992 1. 169 0. 651 0.331 0.174
1:50 BAHEAE A Negetive control 0. 085 0.051 0.094 0.017 0.014
BEPERE /B HERE 5 P/N 23. 435 22.921 6. 625 19. 470 12.428
FAPERE  Positive control 2. 627 1. 826 1. 029 0. 502 0.227
1:100 BHHERE i Negetive control 0.109 0. 066 0.017 0. 042 0. 003
FHARE & B P/N 24. 100 27. 666 60. 529 11.952 75. 666
[ AL 5 Positive control 1. 405 0.757 0.363 0.179 0. 080
1:200 [ RE i Negetive control 0.077 0.078 0. 030 0. 009 0. 005
FHARE &/ B AR P/N 18. 246 9.705 12. 100 19. 888 16. 000
BHA4AE S Positive control 0.907 0.416 0.235 0. 096 0.031
1:400 1L 5 Negetive control 0.108 0. 070 0.017 0.011 0. 030
FHARE & B AR & P/N 8.398 5.942 13. 823 8.727 1.033
0,801 PE, WF 3, W13 ELISA J71%5 Edis ik s
SR, HAT AT R R S
.64 N
= 2.4 LRGN
2 1o g T A%V R I SO AT S 8 AT T
o TR SE KA A O HREE 64, 5 meg/mL
0204 . B Cut-off line S I T
—_— il O PEPERE ST TR (1:10,1:50.1:100,1:500.1 -
S il ‘-n- Faia™ o X -:l-. -'l"" .‘.-l"" ""’"-..'
0,00 ' 11“' TR "’;{I b T T’n - 1000.1:5000.1:10 000.1:50 000.1:100 000.1 :500
BHERE T Y 000,1:1 000 000) , #5533l 4 6. 45 mg/mL. 1.29

Semal number of nepative samples

1 Bk A3 ELISA #6045
Figure 1

Indirect ELISA results of negative serum

R /0N B A B 4 9 B | b L 200 ok 245 P fik
FMEE /N BUR DL B B FHAE LT, 45 R 8 B

mg/mL 645 pg/mL 129 pg/mL 64.5 pg/mL 12.9
wg/mL 6.45 pwg/mlL 1.29 wg/mlL 645 ng/ml 129
ng/ml . 64.5 ng/mL, &7 () ELISA J7 1% 3547 K
M. 223 YO, R BURE AL IR HEAE 1:500 I3 fE
G 3 FH A (UL IR 2) Ul B2 7 12 8 e ARG I 2R B
A 129 pg/mL,

®3 TERRIELRGMEIR(x 25)
Table 3 Result of specificity test

0D 45 fH 28 LK
Fdh Samples OD45:5i§ue Reglzﬁfclljg%ﬁnenl
JINERATF Mouse hepatitis virus 0.085+0. 014 B Negative
17 5 7% 111 7% Respiratory enteric orphan virus IIT 0.020+0. 019 Bt Negative
JINERAH /N EE Minute virus of mice 0. 072+0. 004 B4 Negative
ZIRI5 B Polyma virus 0. 049+0. 009 [ Negative
/NEUMEHHE Mouse adenovirus 0. 12020. 014 I Negative
/NI AR HE Sendai virus 0.031x0. 015 B Negative
Hii 5 6 R 5% Encephalomyelitis virus 0.069+0. 018 B Negative
T ECL 441 Jok 4% ARG BSE 6 95 7% Lymphocytic choriomeningitis virus 0.055+0. 016 BH ¥ Negative
FE SRR B Sample diluent -0.015+0. 007 B Negative
B %t I 1Negetive control 1 0.05320. 011 [ Negative
BA 4% B& 2Negetive control 2 0.022+0. 016 B Negative
B X} HE 3Negetive control 3 0.0390. 019 B Negative
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i =
A%
1.5
53
$ 1 104
TR
- 12900 s 0
6457104, 2001076 457101 29°10-%6 45° 1071 267107 B45" 107 Cut-ofT line
0.0 LI T s T T T 1
- il i 2 1 4
fog,, (B (mg'ml))
log, . (serum concentrafvon {mg'ml.
2 iU ST A 45 R
Figure 2 Results of sensitivity test
x4 HEEMTREER
Table 4 Results of reproducibility test
e Ist 2nd 3rd
Samples X *s CV% X *s CV% X *s CV%
1 0.572+0. 126 3.6 0.456+0. 044 9.7 0.430+0. 059 7.6
2 1.216+0. 108 8.9 1. 115+0. 082 7.3 1.034+0. 061 5.9
3 0.903+0. 170 1.5 0. 769+0. 081 6.1 0. 657+0. 025 3.8
2.5 AWEEM Jor AR B BURRBLAE AR . 25 1 H R XD iR P e

R T EAKIEGE STy 0 T I M SRR R
A B BAYE ML IE REAR S 3 4%, 48 3 WA, A )
—FEARBE 3 ANEAL, B A AR IR TR R R
B(CVR) , G5REBL,3 0 PHIE M1 FE A 22 5 B G
W ZWIFFG8R 100% , B3 RZ BN 1.5% ~9. 7%,
INF10% , L3R 45 UL O B A B B S 1
2.6 HEERKE

A SO ST 1 18] 4 ELISA J7 5 5 35 AL 19
F B AT oA, 23 SRS 18 ANKE S, 7 SCEE ST 7
PR AR S ARG 10 B BH M, BHAE SR R
55.56% , 5 FF & SE PR O AEAF, B S AT SR
} 100% .

\7

3 g

ARG R B A SR R BOR AL, PEAN AR R
PEHT KPR, s A B 4R F B I T
H EREEE LT 0l LU Fr A 1) A HEsh 4,
WGP B A SR E A S5 sh i, ik e L
ANER B R BN R S 55 (LSRR s e ) o S
TF 5T R B 53 B I A8 8 o FH 4l /s BROFD6 B, PRLEG
OB e VR HLEE (5~7 d) . RARTER

TERIRE, 7] DASE H: 2 A SOB0 M R (00 10 2 1Y)
R RE R IA 1 DA L), #8ARRUE BrER
IR % 6 d., HbER A W R THF R 2 58 I 1 v
G RE SR ST S /N RS 2, R
BRI )32 o FH T R 8% e B R WL AT 5T, LA
FRERIGPE T R NN 25 T AR

T AR 7 B B /N B S e U, R4 T
TERI/IN B HL A3 BT, 044 K PG T2 A T 5 e 1Y)
—3, AT, KIAE R A AR 2R ek
oA rR FISLEG (FAVN) /N AP FISES6 (MNT) | Bl
FEEHEIMHNR LS ( RFFIT) 25011530 fH 2 i3 s 512 36 5
FELESE FE L A I o, S 75 SR B v AR 8 i ik
95 JE I A A5 5 I 75 22 AR R 35 7 B, AR 7E S
BB W RS, O 58 A R /N BB AL 4 R
R, TIRES GPURTE /N BUR N 8 LR, 255
ST —Fh R S AT M PUAR R I vk, B bR B HA
DEAEIRE A P SRR & (AR BRI K
A T S )

AR ER B 28 102 FFHR 36 ( ELISA ) 7 B4 1y B ]
(2~3 h) DA SBAR B BUA , 728 P73 H | ELISA B
HEHRAH, T H, ELISA 5 HAbSC A 45 AR B
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BAEW E AT A%, W ELISA F1 FAVN A 5F R
R BT G K I T B AR 1 B A 5 0 10091
RFFIT FAVN &% RVNA Kit 2§ =Fh )y e 738 J T A
I R HUE R B P APTAR RE I 177 ELISA 460
ZER G HRPUIARRN A — 2 215, B AE &t i fk
K5 5 ELISA 3 AT DATE AT 250308 Bl N H TAE R e
PRBGAGIN 1T i 7 S S — Fh T ) %2
ELISA A0 /N BRI T e AE R B 1eG PLiRm Jr
25, 0T TFAE R /N BB 4 20 M DA % 38 ¥ R B9
TEA .

AW IS /N BRPUIE R B [2G PLiE ELISA
B ik B Rl M, HAs R R, 5
ANERHY LI 5 JE 28 SN, REAE BT M BE KT 129
g/ mb BRI A 25 3R A S50 DAR A Ak 1 3K
FIEAE R B EAT L3, R A5 & R B w4
B HIKEF] 100% , UEH A B0 St e R4, TR
FAERG /I B AL (P 3h F1 38 B2 40 A . 25 1
BRI, A SCRF ST Y 1] 42 ELISA J7 838 TAE RS /)
SRR (18 43 BT LA B 38 T W R AT A A

S 3k
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National Center for Safety Evaluation of Drugs from 2007 to 2019 in accordance with Good Laboratory Practice (GLP) , and
establish reference ranges for corresponding normal values in BALB/¢ mice, Sprague Dawley (SD) rats, and cynomolgus
monkeys. Methods Peripheral blood samples were collected from animals and put into heparin sodium anticoagulant
tubes. Blood samples from 303 BALB/c¢ mice, 359 SD rats, and 460 cynomolgus monkeys were stained with different
combinations of fluorescent antibodies, and lymphocytes were classified and counted by their expression of CD3™, CD4",
CD8", and CD20"( cynomolgus monkeys only) using flow cytometry. For each species,the data were classified by gender
and age (rat and mouse) and then calculated for normal reference range and 95% confidence interval, respectively.
Results The range of CD4"/CD8" lymphocytes ratio was 1.07-8.59 in BALB/c mice and 0.54-11.67 in SD rats.
Ranges of CD4"/CD8" lymphocytes ratio and the percentage of CD3”CD20" lymphocytes in cynomolgus monkeys aged 3—4
years were 0. 35-4.22 and 1. 40%-51.99% , respectively. Conclusions

Classified counts of lymphocyte subsets provide

an important reference index for evaluating the immunotoxicity of biological products. The collection and establishment of

Chin J Comp Med, November 2019, Vol. 29,No. 11

relevant background data will facilitate more reasonable evaluations of drug toxicity.

[ Keywords]

reference value

AW SRR 25 W B A b o e A 7R
R W HEAT RS R S AR R BRI, A2
il it 79 = 2l 3R R 3 o LA S g &R
ARV ORISR R R 5 RIERGY
RE S H AT BRGSO PR AR | ™ E AT S AR
o 29 FE MR Y A SOR T3 R 1 2 Bk 2R
I AR s B A ) ) S 9 R AU
AT AT B OCTE A I O 40 i i )
5 REOE AR 1 ASRTE 32 AR T X AT R e iR 0F =
HOUAPURE R, IS 50 i T iae, wT
WA CD4" Al CD8* F A P BUE A1k 7 T I
DU AfgeE  FNARAPE G E BB 25 AIE (acquired immune
deficiency syndrome, AIDS) %55 2 DI REA & A %
L0 e SR ;5 B = W 1 7 N S
EEL 4 STV R 2 8 Ay i R 2 4 DA v i R A A
JETEMEPEAN T Bz — o LA bk T2 40 P A o 26
f1 45 CD3" CD4", CD3" CD8" 5 D3~ CD20" 4f
g,

AN K BRI B g 1 Sy i T 0 &2 VP 3
YB A FPRHE AL AT & 07 0 FERT B 2
A I IR B 58 BT & 45 FE M Y8 ( Good  Laboratory
Practice,, GLP ) 128 56 £% 4 T 2 37 9k 2 400 it S 4 43 2%
g, A B TR R WA A T AU AR fe e
R, XS e e de MR S FEPEAL S M AT
A 51 T i 9 2 200 B ST i =G 0 2 25 (B R OG SR
B A B0 RaE S RO v e sh B A PR (A
It 100 H) 8o B B — PR 51 AUCH — e ol B
RO B 3 F 248 K sh i 10 15 8™
A, R B A /)N BR bk 2L 248 STV A XA i 2 %5 (B A
KB IASR] i 22 B9 R BRI BT S (B

lymphocyte subsets; flow cytometry; cynomolgus monkey; SD rat; BALB/c mouse; peripheral blood;

FILA T 22 5, A D BEAE LIPAL g s 3 T R i
SHIREZR B IR T 400 B A 1 VT L, ASHF
GO E R 2592 PR I o 2007 4F 2 2019
AEAE GLP 4508 T JF R 1 A= Wy il i %2 4 MR VAR BIF 58
HROR A 25 A 4 1Y BALB/c /N SD K BRI
g (7P e 5U) A9 CD3T CD4", CD3* CD8* FlI
CD3™CD20" (L&A ) K B, #2408 2 #1551 A (]
3 N DA 22 AN [) 20 0 ik 8 4 e S B 1 =
FAH, AR LY g BTN RS
S

1 ##7E

1.1 SRz

SPF/VAF 2% BALB/c /N3 303 H (2R H 10
TR ) ,SPF/VAF 2% SD KR 359 H (kA 11 5
WF9T) |, M4 (W AR 2 5 ~9 J&#%) , /N E
JEE 2 25~40 ¢, KA 2 300~400 ¢, ¥4 A b
T SE A A2 S8 B ) HR A BR 2 F] [ SCXK (3E)
2002-0003 ][ SCXK (&%) 2012-0001 ][ SCXK ( 5T)
2016-0011], s sE FA L[ SYXK (50) 2011
-0037 ][ SYXK ( 5) 2016-0045] 5tFs 2 48 19 K B
FEH(KxTEXE : 460 mmx315 mmx210 mm) Fl/]
R (KxTExE: 350 mmXx 140 mmx136 mm) 4,
TRFREE R 2~3 H/%E, 4T B4 Uk ) ) i
I, H Ol BB R kok . KB/ BRUR) 3R T TR
(20°C ~26°C ) JEIE (40% ~70% ) B &5 F , W5 JH
WA 12 h, B/ INEHR AR SR B 15 WK

S AL 460 L, BEIESS 2 (AT 2 3
~4 % (KEZ3~5 ke, R AL 12 WWFSE) WA T
PUEEAR R R SLEAT R A ] [ SCXK (HE) 2011
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-0001 ][ SCXK (#:) 2016-0001 ] 8¢k 5 Wh /R 84
Yrge IR iE 5% r A R BT 4E A /] [ SCXK (&) 2015-
00117, faZE FA A L[ SYXK (F) 2011 -0037 ]
[SYXK (&) 2016-0045 |38 2% sh ¥ by AN 458958 H.
N (K x5 x5 .80 emx70 emx75 em) , PASEIRSE . 5
Y H RYOK, B RSP R K e 45 RHFK R 4 150
g, ARG, BB SR TEIER (16°C ~26C) (1H
12(40% ~70% ) Y254 T, B R 12 h, AR/
i e I AR SR K 8 IR

FITA R 7 58 ¥ i [ R 245 1 42 A VT sl
R SIS B ) A 142 32 51 23 (institutional animal
care and use committee, IACUC) A& B & (IACUC
%5 K . IACUC-2008-023 . IACUC-2010-008 . IACUC-
2013-031, IACUC-2014-068, IACUC-2015-028 .
IACUC-2016-005, TACUC-2017-005, IACUC-2018-
001 ,TACUC-2018-058 , 5545 ) , F- 42 S 56 sh 4 s FH 1Y
3R BRI T NGB B R,
1.2 FERXFSME

F AL P UL HE R ( BD Calibrite™
3-color, #It 5 7347634 . APC bead, #lt 5. 80129) .
BALB/c /N R $L /& FITC-CD8a ( Clone 53-6.7, it
5.3177592, 8152865 ) . PerCP-CD4 ( Clone RM4-5,
it 5. 8025572, 8194889, 8025572 ) . Hamster i
Mouse PE-CD3e ( Clone 145-2C11, 4t 5. 6012949,
7158744 ) Fl & 8 Mz H HT K FITC-CDS ( Clone RPA-
T8, 45 .5341673,5159821) .PE-CD4 ( Clone 1.200,
#t 5. 7299836, 5313876, 5057543 ) . PerCP-CD3
(Clone SP34-2 lt*5-.8124735,6092584 ,7069961) Fl
APC-CD20( Clone 2H7, it 53291627 ) ¥JIly B BD
2] SD K B CD3-FITC/CD4-RPE ( Clone
IF4. W3/25, #tt 5. 1113 ), CDSALPHA: Alexa
Fluor647 ( Clone 0X-8,4t5:0310) 14 H BIO-RAD ;1.
20 B 4 2 A Ay A (. 20161208) ik
iR S (L5 20150024 ) £ 2 — Rz DY 2, 1 4 (it
+5:20140328) W [ [ 24 48 A1, 5 R +h 2% b Wik ( PBS
5 . AD2016267, AD22391274) 1 | Hyclone ; £ %
HE (HIE5-. 20170825 ) W [ [ 25 4 A1, fifi A 4
PBS #i B b 19 09 0 H1 W, 3 % A 4% 40 5 BD
FACSCalibur Jit 20 240 ML A, 53 #7 544 Cell Quest™
Pro; H-500FRS &5 B0 L
1.3 WNF*E
1.3.1 IfERE

AMH WSR3 W) B IR 34 ok H R 45 25 sh iy sl A

Pyl it i X REZE S B | 4 8B 3h R AT i 7K
AN, WA 2 o W I I T O G B B N (45 mg/
ke ) BRI G 26 16 5 i K ORI, £ 886 0 AS DR e el i i
FkCR M, 4FREh PSR AE 41 0. 3~0. 5 mL, AL T
JFRPIEEE IR, A EATERER 4 h ZW
52 U285 0 E 3B
1.3.2  Fal e

AR SCHUARLLA N 50 WL PrE 4= iimA
WA IR AFEAR G FER BT 30
A3eh ., FEREE TP AN 1 mL A9 20 40 i 247
FEIRAT, /N BURN I BRBE AR 1 24 figf i [R]85 o0 1~ 3
mm,ﬁ&@ﬁ#qxé’g 4~9 min, QIQEH@}E%%%E,
Pk 1000 r/min B> 5 min, 7 F3E 30 A 1 mL PBS
RO (BLO AR B IR 5 i BEMA 1%
LR ERAME B, /N R BUREAR
LI EE 3000 ~ 5000 />R EL 40 Y, B A 4E 5000
ANWE 40 L, 43 )3 B 4R 3k CD3" CD4” | CD3*
CD8* .CD4*/ CD8" Fl CD3~ CD20" ({L £ 4 ) f4 ik
R N
1.4 SitEHZE

JITA EE AR JE B AN 8] 434, 90 ek
{E A & /ME,  FH Kolmogorov-Smirnov ( IBM SPSS
Statistics ) K S0 FUCHE 19 1TE A5, 24 850 52 1 20 A i
(XK E, P=0. 05 i) 51| H HOF Y5 il 2 (=
$) M 95% B A X ] 5 5048 43 A AN 52 IR AR (AU
K, P<0.05 W), 43 il 4 34 19 43 7 %5 (B 25% |
50%F1 75%) .

2 #HR

TEE FNBE 1 BALB/c /N BRAM AL I CD3* CD4™ |
CD3*CD8" Il CD4"/CD8™ kL Ay [ ( 3% 1) , Mtk
By 45 B4y N 45.45% ~ 85.86% . 12.73% ~
42.48% 1.07 ~ 6.74; W1~ 53.27% ~ 84.15% .
8.95%~37.49% 1. 42+8.59, HEEFIMENE SD K B
44 CD37CD4 . CD3" CD8* il CD4*/CD8* i [l ( &
2)  HEVERIZE 3 51K 48. 26% ~84. 53% 16.35% ~
62.75% ,0.99 ~ 8.78; M P 34.06% ~ 86.24% ,
7.39% ~62.75% 0. 54=11. 67, £J3~4 % LR
Wi B A% CD3*CD4* .CD3"CD8" .CD4*/ CD8* Hil
CD3 CD20" i il (36 3) , MEPE LS B 43501 Jy 28. 42%
~72.83% 23.93% ~ 65.32% 0. 44+3. 04 1. 40% ~
47.91%; M Pk N 22.70% ~ 75.90% . 17.43% ~
65.13% 0. 35+4.22 9. 6% ~51.99%
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&1 BALB/c /MR T REL AN 24 R
Table 1 Reference range of T lymphocyte subsets in BALB/ ¢ mice

%i” If‘jzs CD3*CD4* (%) CD3*CDS* (%) Cpa*/CDs’
i KME Maximum value 85. 86 42.48 6.74
/M Minimum value 45. 45 12.73 1.07
ZHHEL Number of animals 152
Kolmogorov-Smirnov ¥ 55 P pye
Kolmogorogv—Smirnov P VZluf(tvf iaile% zest) 0003 0-003 0.029
T _
Male - xts / / /
95% A5 X [8] 1B 95% CL upper / / /
95% E A5 X [ TR 95% CL lower / / /
25% 70.23 18. 14 2.78
50% 75.57 20. 72 3.55
75% 79.38 25.21 4.37
5 AH Maximum value 84.15 37.49 8.59
#%/IMBE Minimum value 53.27 8.95 1.42
ZHHEL Number of animals 151
Kolmogorov-Smirnov ¥ 55 P pye
N Kolmogor(i»Smirnov P VZlug:(hf iaile% 3est) 0.034 0-200 0.003
Fliir:e - xXts / 22.71+£4.71 /
95% A7 X 8] _[-BR 95% CL upper / 23. 47 /
95% B 1% XAl FBR 95% CL lower / 21.96 /
25% 69. 38 / 2.64
50% 72. 67 / 3.18
75% 77. 48 / 3.88
F2 SD KR THELIET#ZSEIER
Table 2 Reference range of T lymphocyte subsets in SD rats
J] 15 =l ey
i’f lizit’;S CD3*CD4* (%) CD3*CD8* (%) CD4*/CD8*
5 K{H Maximum value 84.53 62.75 8.78
f2/IME Minimum value 48.26 16.35 0.99
Y% Number of animals 180
Kolmogorov-Smirnov ¥ 56 P M
‘ Kolmog()roi—Smirnov P vtfu}f( tﬁ idif"t)est) 0200 0-200 0000
fﬂ% s 66. 46+6. 31 33.00+7. 46 /
95% A7 X.[8] 1B 95% CL upper 67.37 34.59 /
95% FLAF X[ TR 95% CL lower 65.56 31.41 /
25% / / 1.83
50% / / 2.18
75% / / 2.69
5 K{H Maximum value 86.24 62.75 11. 67
H/IME Minimum value 34. 06 7.39 0.54
Zh¥%L Number of animals 179
K()lm()g()r()v—Smim()v K P {ﬁ( XXE) 0.200 0.200 0.000
s Kolmogorov-Smirnov Pvalue (two tailed test)
Female xxs 63.91+7.59 31.28+8.43 /
95% A5 X.[8] 1B 95% CL upper 64. 99 32.49 /
95% B A5 X [ FHR 95% CL lower 62.82 30.07 /
25% / / 1.67
50% / / 2.06

75% / / 2.6
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Table 3 Reference range of lymphocyte subsets in cynomolgus monkeys

PES FEFR T HIEFHE T cell subsets B 400 V& B cell subsets
Sex Indices CD3*CD4%(%) CD3*CD8*(%) CD4*/ CD8*  CD3™CD20%(%)
% KAl Maximum value 72. 83 65.32 3.04 47.91
#¢/]MHA Minimum value 28.42 23.93 0.44 1.40
%0 Number of animals 230 81
Kolmogorov-Smirnov ¥4 P AN
Kolmogor(i/—Smimov P Vzlug:( tf Eaile?t)est) 0.094 0.200 0. 000 0. 000
pii2ds Fts 49.21+7.99 43.73+7. 83 / /
Male 95% A5 X [A]_1-BR 95% CL upper 50.25 44.74 / /
95% E A5 X [8] FBR 95% CL lower 48.18 42.72 / /
25% / / 0.94 14.92
50% / / 1.12 18.17
75% / / 1.38 22.83
% K{H Maximum value 75.90 65.13 4.22 51.99
#%/IMBE Minimum value 22.70 17.43 0. 35 9. 60
%L Number of animals 230 81
Kolmogorov-Smimov 122 P AL AUZ) 0. 009 0. 007 0. 000 0. 008
Kolmogorov-Smirnov P value (two tailed test)
i Xts / / /
Female 959% {5 X il L FR 95% CL upper / / /
95% & 5 X [A] FBR 95% CL lower / / / /
25% 48.83 35.24 1.09 12.94
50% 53.74 39. 89 1.34 17.01
75% 58.25 44.57 1. 64 22.67

IR S EUE 5 A Ve 3T, SO AN R i A 80% ,CD3* CD8" 7> fii £ ' F 25% ~ 45%, CD4"/

P S S04 ) T U 4 I AR 4 AT 1 A 1 — 25 4 A
ICH. BALB/c /INELIY CD3*CD4™ Bl 40 fi b T
60% ~ 80% , CD3* CD8* 43 i Z = H T 15% ~ 35%,
CD4"/ CDS" HLfHAE T 1.5~4.5 (Y IX [l YL [l (%
4);SD K LAY CD3" CD4" B /> i £ b T 60% ~

CD8' WHZEH T 1.5~4. 5 (X G (£ 5) ;&
M) CD3* CD4™ 3 A 4 h F 40% ~ 60% , CD3”
CD8" /3 fii Z 44 T 30% ~50% ,CD4*/CD8* HL{H £
#£PF1.0~2.0,CD3 CD20" 3 i Z T 10% ~
30% (% 6) , LR IHIA M2,

R4 BALB/c /)UK EL 20 R A A AR 21 1 L
Table 4 Overall distribution of lymphocyte subsets in BALB/¢ mice

PR CD3*CD4T X | (%) Bk Bl(%) CD3*CD8* X[ (%) ik Al (%)  CD4*/CD8* [XJd] Bk Bl (%)
Sex CD3*CD4" interval ~ Cases Ratio CD3*CDS8" interval ~ Cases Ratio CD4*/CDS8" interval ~ Cases Ratio
40~60 7 4.6 <15 7 4.6 <1.5 1 0.7
60~70 40 26.3 15~25 99 65. 1 1.5~3.0 61 40. 1
o 70~80 88 57.9 25~35 43 28.3 3.0~4.5 73 48
Male 80~90 16 10.5 >35 2 1.3 4.5~6.0 11 7.2
/ / / / / / >6.0 5 3.3
4t Total 151 151 151
40~ 60 7 4.6 <15 17 11.2 <1.5 3 2
60~70 28 18.4 15~25 95 62.5 1.5~3.0 44 28.9
fren 70~80 82 53.9 25~35 36 23.7 3.0~4.5 71 46.7
Female 80~90 35 23 >35 4 2.6 4.5~6.0 29 19. 1
/ / / / / / >6.0 5 3.3
41t Total 152 152 152
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R 5 SD KR kL 20 I AE S A A 175 2L

Table 5 Overall distribution of lymphocyte subsets in SD rats

PRl CD3*CD4*IX[H](%) 1% (%) CD3"CD8"XIul(%) ik A5 (% ) CD4*/CD8* X [f] BI%C (%)
Sex CD3"CD4" interval ~ Cases Ratio CD3*CD8" interval ~ Cases Ratio CD4*/CD8" interval ~ Cases  Ratio
<50 1 0.6 <15 2 1.1 <l.5 15 8.3
50~60 27 15 15~25 28 15.6 1.5~3.0 141 78.3
T 60~70 104 57.8 25~35 107 59.4 3.0~4.5 18 10
Male 70~80 45 25 35~45 42 23.3 4.5~6.0 5 2.8
>80 3 1.7 >45 1 0.6 >6.0 1 0.6
AT Total 180 180 180
<50 9 5 <15 1 0.6 <l.5 33 18.4
50~60 42 23.5 15~25 28 15.6 1.5~3.0 127 70.9
s 60~70 96 53.6 25~35 86 48 3.0~4.5 10 5.6
Female 70~80 28 15.6 35~45 55 30.7 4.5~6.0 8 4.5
>80 4 2.2 >45 9 5 >6.0 1 0.6
AT Total 179 179 179
6 MM A0 M AR A3 A 1
Table 6 Overall distribution of lymphocyte subsets in cynomolgus monkeys
CD3*CD4* CD3*CD8* CD4*/CD8* CD3~CD20*
PRl XE(%)  Bi% Bl(%)  XTEI(%) g el %) X [i1] BE Bl(%)  IX[E(%) BB el (%)
Sex  CD3*CD4* Cases Ratio CD3*CD8* Cases Ratio CD4*/CD8*  Cases Ratio CD3°CD20* Cases  Ratio
interval interval interval interval
<30 3 1.3 <20 1 0.4 <0.5 3 1.3 <10 1 1.2
30~40 14 6.1 20~30 20 8.7 0.5~1.0 41 17.8 10~20 52 64.2
o 40~50 53 23 30~40 97 42.2 1.0~2.0 158 68.7 20~30 20 24.7
Male 50~60 120 52.2 40~50 94 40.9 2.0~3.0 25 10.9 30~40 7 8.6
60~70 37 16. 1 50~60 11 4.8 >3.0 3 1.3 >40 1 1.2
>70 3 1.3 >60 7 3 / / / / / /
41l Total 230 230 230 81
<30 1 0.4 <20 0 0 <0.5 4 1.7 <10 3 3.7
30~40 24 10. 4 20~30 6 2.6 0.5~1.0 82 35.7 10~20 47 58
‘A 40~50 99 43 30~40 64 27.8 1.0~2.0 133 57.8 20~30 25 30.9
Fﬂf:ie 50~60 83 36. 1 40~50 119 51.7 2.0~3.0 10 4.3 30~40 5 6.2
60~70 22 9.6 50~60 32 13.9 >3.0 1 0.4 >40 1 1.2
>70 1 0.4 >60 9 3.9 / / / / / /
41t Total 230 230 230 81
3 it 5 0 A R R O AR IMASIN . ASBFSEIL L 12 4F

FIETEIE PO © 8 25 W 75 3L DR b oA )
SCER Y TC T U A M0 (floweytometry
FM) AGr I A1 o o bk L2440 9 0 8 oAy 2 B 2 D 52
Bz LIRS T B, 1207 R S g 2 A ARG I 2 A
tlﬁiﬁirg%\ngmu\ﬂju%ﬁ?iﬁ%ﬁmk.iﬂj
o S ML 40 i 2 YR DA 3 ) S0 2 D g
iRy INIOEIEZ/ DRSS e ﬁzliﬁrﬂ%ﬁﬁﬁﬁﬁﬁﬁ
FUASIA] 45 1% 22 PR 28 3 ) s FL A MR 7= 2R s 2
TESH 28 N B 37— TR W S ) A0 A i ik 2 40 i
FEIE R S5 00 AR T A 5 O A7 6 7Y 1) &
FExF Wi e e FEVEAE AT SCH B, 6 2 AN W4
T 1R S0 23 SR 32 1 SR, DA 4 2 A o ot
a0 BE el A 55 T A BB A . ks
WP 2H H A i 1 7 55 000 I, A i 2 B A T

H 2%

TR H U A 5 2 B AN 25 T 5 B 1 s 5 2 sl g AR
FJE B0 B Ik EL 40 B I R A S 2 R BT B Yok
H 10 PRI STAIRGY , 5 500875 FlAF SCkHRE i
ZW[Z&—II]O

CD3*CD4" 4 Bh/i75 S 40 i S B, 35 203 i 4
ISR B PR Ol 1 5 R BT K g8 N A8 I CD3Y
CD8" J& T 1 il / 4 Jfd B 40 A S B, AT 45 S5 5% g
AN, BA PR R DR R EE R
R0 CD4*/CD8" BN Z BRFh & 4, -5 47 #% Fi- %'J
LREA K, W, X5 0 EEREE 8 A,
AHFFE o & B BALB/c /N B, SD K BRI 2 B8 4% 1)
CD4*/CD8"* i FEl 437k 1. 07 ~8.59 0. 54 ~ 11. 67 Fil
0.35~4.22 Ju[ XK, 54513114 22 5 2 8
Sk R i O B5HE 25 S KA G Ok — 20 X i A 4
P DX R HEA I, 2 B[R] R & R 2 50 sh 1 1) 8K
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H.( 29 70% ~ 85% 2247 ) i T4 [R) DX 8] P, H 090 43
AT ) 22 5 0 B RK AR A5 X AN [ 0l A AS [)
TR ) SR ATR 14D R L 200 6 0 T 0 28 65 R LR B AT
KIN3~5 % N EEBEAAEMEYESI Y CD3*CD4 3
MIIRG T 1.5 ~2 & By S B Ecs i R L ik 22
SIS AN AR R 4~ T B R B 41 i
BRI R oA DL ) 22 Y B
2y 4 B Je AR e B, AR o T 25 90 i PR A 2 4
PRV I AR AW Ol 3~4 % Ab FHEIT T Al
A R IR B B, Sl B T 9K EL A i (CD3”
CD4™ ) A5 Ak 1T 55 4y 114 Bl 20 A i iR 25 4 1 A
XK, B IAE I LA S M 7 st 0 e st ] L T B
YR 2R VT BE R 1 AT R M T 22 S i R R
B, B3R SCRkAE s 7 s 5, N HEBR A B
AR = SR

% CD3*CD4* .CD3*CD8" .CD4*/ CD8* Fll CD3"
CD20" &b, Hoe ik B 200 i % 780 X6 3 5 8 1 149 A= 40 il
i P B B M AT — R, SR T KR g b
FARFGFR B 5t Tl e 75 = 8. A AR
20t ( natural killer cell, NK) A N2 T 40040 B 41
JHL A1 R B8 = R d B ) e e AN, mT S 3 CD16" 5%
CD56" Hll, 1R KR e (A% 0o 4 i, A1 J i b
NK ()2 5t 0] [ 2R W ) e pe ik ', i ik
CD40" i B 20 B8 vT 380776 A 28 IR 40 B2 ( dendbritic cell
DC) 16 CD8 Y P B E Y MFTe A4
X CDA0™ JF K 1) — R BN PRSI 2597, i SEA-
CD40 & RA RS P H EFFEERE L2 AR, ik
251 0B PEITEAG T N G TE CD40T By KA K, I
A IEAESE#E R CD19 ,CD20 1 CD22 My x4 i )5 57
A& ( Chimeric antigen receptor, CAR) &1fi ) T 41 i
TRIT AR e/ METR 1 S b B 40 i P s R 3R T R
AT SRR IE YT i Bl 22 A D PEAR
B, MMk CD19* .CD20* Fl CD22* 1Y itk I 41 i 3
TR A A LT R W A i L, AR
WCAEAR DCHIUE , o381 SR R

ARG LT R G T 12 4R K/
B KRR A A 110 1 ] I 94k EL 4 B S A Y S A
P, O B RIS T 3T R R AR ) /N BRI R
UP ECL 200 S A T S A, 1 A A o I PR T 3 4
TRIO B f e ) T B S B Wtk — 2 e 25 i iR
Xt Sh e e TR IR S W iR 2 % M AT A
M5 2 B ) B K B 40 B Y B Y S (AR B R
TH AR SO DA R 28 2 ) SR B RL %) A ) o DE A S
REAEERE L,

S 3k
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Establishment of mouse models with a humanized immune system and
applications for tumor immunotherapy

GUO Wenwen', QIAO Tianyun®, ZHANG Caiqin®, ZHAO Jumei'*, SHI Changhong®*
(1. Medical College of Yan’ an University, Yan’ an 716000, China.
2. Laboratory Animal Center, the Air Force Medical University, Xi’an 710032)

[ Abstract] The term “humanized mouse” refers to the use of a mouse model with human cells, tissues, or organs.
Transplantation of human immune cells into immunodeficient mice is an established humanized mouse model of the immune
system that effectively simulates characteristics of the human immune system. Indeed, it provides an ideal experimental tool
for studying interactions between the immune system and tumors. In this article, we review the construction method ,
advantages, and disadvantages of different types of humanized mouse models of the immune system, and further illustrate
their applications for tumor immunotherapy.

[ Keywords] immune system; humanized mouse; immunodeficiency; tumor; immunotherapy
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IR A R S TR M) P B ok A B ) RS A
A R MO sl 4 21 T2 26 s h T i = S R Y
RPERGE, LM T RPERIr I IE . A2
PEGIRBE /N UK N B R N T I T 200 35 20 R P Y
LA, O HA R S DI RE , SRR B /N BRUPR
HGPER NI/ B %A T AU A e e
20 M0 5 e 2R e (] B A EL A AR B S iR T
2WIRIBIT 5 e PR A DA D7 10 B A 2R N AT
S o ASSCH IR 0 R G0N IR AL/ BURE R A 26
B KA T30 LA KA R R S 8367 v B

1 RERFANRUNREZHEE

A RS T T.B NK % 4 i
= Tz T TR AR /DS BRUSE R (4 4 2 5
fh & FE Z A NSG ( NOD. Cg-Prkdescidll-2rg™""/
SzJ ). NOG ( NOD. Cg-Prkdescid 11-2rg™ Sug/
JicTac) ™’  NRG ( C. Cg-Ragl™™™ [1-2rg"™™/Sz] ) 1
&, Rk z A, T N IEAE B NSG-SGM3 (NOD. Cg-
Prkdescidll-2rg™™" Tg ( CMV IL-3, CSF2, KITLG )
1Eav/MloySzJ ) /N A N TL-3 ki 20 A 5 5 240 Jfd 42
V% % ¥ ( granulocyte-macrophage
stimulating factor, GM-CSF ) #1140 Jifl [N+, 7217 A i
1L +41 AL ( hematopoietic stem cell, HSC) [ §& € A
AT %K MISTRG ( MC-SF, IL3, Sirpa, TPO,

colony

Rag2 ™ TL.2Rge ™) ZNRURT 2R3 55 i 7K A B 41 i
B 0EHE N A 0 A SR 4 ( dendritic cell,
DC) FE Mgl it 44k, It 42 ik NK Qi &8,
H1 T ER S YR N AT SR A A A /D LU e 922 40
L, 308 A% AR IR A =2 R AT R R DA
BB 8 M BOR™ T NBSGW (NOD, B6. SCID
12y~ Kit™™ ) AINEUR T o-Kit JEP 2848, m]
SCRFTC AR BRI B i T AN A B R

Wt N i 2 98 A (0 7 v F S R g AR
Ak /N AL B 43 o = K 2% . Hu-BLT ( humanized-bone
/N BB B Hu-HSCs
( humanized-hematopoietic stem cells ) I Hu-PBL

marrow, liver, thymus )

( humanized-peripheral blood mononuclear cells) /) i
BA(E L),
1.1 Hu-BLT /NRAKE!

TAE I T RE G Y R /)N B 8 IV B AE 7R i R
AP B AL IR T B AL A IS M R R IR ST 2H 2
[ P28 P T 50 0 8 1 T — A 4 i T
TR A 40 . Hu-BLT /N B P BEAG
FISEEERY T 40AE B AWML NK M AT DC
LN 55 22 A N S e A, I AT 7 A IR Y 3
IR B LA, S AT f 2 2 8 o A A S8 35 1/ B
BRI 2 A B AR R, Hu-BLT AL rhaf 3%
IATESE YN CD45™ 40 i, AR A1 & it 240 B Ay LE 1) 24

R AFEGEE RGN B )RR A

Table 1 Characteristics of humanized mouse models with different immune systems

I Models

LBEyRe

Construction methods

s

Advantages

Disadvantages

Hu-BLT

Hu-HSCs

Hu-PBL

A N e R R 3 [ RS A T /N B
JBRT I [ — A A ) i P s K U 1
QIR 11 RS AN N EER N

Co-transfection of human fetal thymus and fetal
liver into the renal capsule of mice, associated
with the injection of hematopoietic stem cells
from fetal liver or bone marrow of the same
individual into mice

TR R U5 T A AL 40 1 4 7 038 1K 1 (G-
CSF) 3y 5% i) MLV -8 L A7 M s i JL 25
1y CD34* HSC

Injection of CD34*HSC derived from

Human granulocyte colony stimulating factor
( G-CSF ) mobilized blood,

umbilical cord blood or fetal liver

bone marrow,

TESR BGAS ] i A1 20
Injection of mature peripheral blood

mononuclear cells

O BAZRMRERG

N ICIEVE YN} A
BT I

D Complete immune system

@ Capacity to
maturation of T cells in human

promote  the

thymic epithelium

ZREMMEET, G T H
JE B 4N BEANHE K NK 4142
Multiple lines of hematopoietic cell
development, including T, B,
myeloid, and NK cells

OF:Zi-yi-Nil S

@ T 4 RS A AR AR
(D Simple transplantation

() Efficient and stable

transplantation of T cells

(OF =) N] 8 ST

@ Wi % GVHD

@ Limited source of fetal liver and thymus
@ Induction of GVHD possibly

B E T 0B % E A IR, T ik
4L, HEhE

Lacks of human thymus for promoting the
maturation of T cells, and thepresence of
limited and nonfunctional T lymphocytes

GVHD Sz, FBOWEE 3 1 1, Bt 5L i
I 32 B

GVHD reaction, resulting in a shortened
observation window period, and limited

study time
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H30% ~ 80%, 1M CDA5* 41 Jifd L 5 3 25% g
% Hu-BLT BRI A AN

TZAEHY ) B RR AR B AR NSO R g R
g¢, R AT LR T HIVEY EDV S 250 e H]
ALY |3 I 2R 0 S e S e IR T R A, (R LA
IRBEASKE LIRS, it EL i T AR 20 9 T 40
XN B EEALHMEAEMNEE A K (major
histocompatibility complex, MHC ) 1/} 8% 5 & B9 3 1
71, R Hu-BLT £5 n] BEAEHE A 20 J& )5t BB A
YIPiAE £V (graft versus host disease, GVHD) , T
HWF 5B C57BL/6 /N R Rag2 . IL-2Ye #l
CD47 £ H = H B4 5 1Y TKO-BLT BERIEAL A Y
BREM MG 45 JH K &4 GVHD 4%, HAR 7 A4
R 20 A v B A, S S O TR ) BLT AR
1.2 Hu-HSCs /NR#EEY

Hu-HSCs #5 Y S 6 357 Az BB AT 38 i /) B
200 ST i R A FL iR/ B A AR B s I
IIRE, T 9 N CD34" HSC (Al P T A9 G-
CSF 2 A IR B3 e sl s JLIFAE ) 76 24 h
PN 5 2 Ik kA s A R Bl B /N BRI
ffiZ & Hu-HSC K& WA 4E T 410 . B 4/l \NK 2
JHL B A Ok R By 3 PR 48 ML ( myeloid-derived
suppressor cells, MDSCs ) F1H: Al 3% 28 FA 14 41 i 76 4
AR, EHELEAE AR S 4 J] hCD4S™ T 41
MIRTIK 25% ~ 60% , F1 A i H AN CD45™ T 24 ffd i 1o
25% , b Hu-HSC AR gy 1)

AL 8 8 A T H o I 2R G B B AN i
HSC 76/NRARPN E T & & ik iy, b /NE B EA
WRET 32 , 38 H AL kA GVHD BRI 1l K ik
10~ 12 JE™! AR HIV? (EBV Y S5y pii 7
Rt i R G0 K B AT, 76 e S e 1697 i 5%
g BRI FH AT, SR, 7RI A% L v 5 i)
T REL /AL B R R 2, WAE NSG /MR
RMAEA HSC J5, 12 A A G 98 75 A0 & i A ks I 1
AT 200, H T 240 B0 50 A 680 0 R
B2 MR K HSC A AGET A NSG /NRUR , TRER
SN T 4008, 3SR M NSG /N L
T NSG /N S8 N HSC IREA 7
1.3 Hu-PBL /MRAEZR

AR 4 G 328 e /1N BRL 28 30 BOFE 7 o A TR
ARFRJ HF 5%10° ~ 20x10° ASHTEEAY A PBMCs 4
FRIK SR B A% A /N B DY, LS B0 I Y R v
50% ~ 80%M CD4S5" 4 e AT A , 38 5 55 — JE 5k vl

AT CD3* T 40 i, &5 U JE e A I 3 A CD3?
CD45* T 4ijfiitid 25% > >,

Hu-PBL /NEUE H A A M/ 5 28 55 19 AN TR AR/
AR DUEHE T 40y 32 91 48 3 H e i oh
fit, 5 CD34" HSC fiiA: T AMIAH EL , 24 G B fg /s
FASAE PBMC B, AT 20 i 3% g o B o ple ) ] o gt
HRACE RN T 4, S0 5% G R T 41 it ) 3
RO RIS R R ] A £/ G B4
JitL B AR AN M sl A e e AN, (AR AL A )
IR B, BTN 46 R/ B A 92 4 M 22 ) 1
MHC AVCEL i B EIEE GVHD J > 8
HWETEN PBMC {F41/5 4~6 J& B3 B (%) GVHD
SER VAT AT 13010, (R AZ BREST (H sk
35 7 AT DL 8 2o NSG (NDG  NPG 45 ) /MNER,
fili AR MHC-T 8l 11 JE PR i 45 2 HE K0 e dh,
MK PBMCs "1 CD4™ T 4i it Y HE 9] o v S 5 ik 2%
GVHD S22V 8K, CD4* T % B 48 i 7 B L 61
FRA 20035 A0 AR e 78, 3 1] B 2 PR AR % 2 /N B AR
F 3 T

2 Hu-PDX &%

FEF I PRI b A 33 57 1) PDX ( patient-derived
xenograft ) BV A GF (AR 37 1 5 & T8 AR AE (Ll T
HoeZz NASGE R G, TORRERXTRE G HE 1 i g 40
MIECH LU A IR I W9, TR e RGN TR AL
INERUA I RS HEL AR R R ) e 2 2T ST ) A
B FK A Hu-PDX ( humanized patient-derived
xenograft ) Rl s PRI AT ASEABL A v e g 240 L 5 e %
RG] BIAHEAE ], A0 S e 16y 7 ik 5 T T
HAE 2 AN RS

Hu-PDX R fry 1 55 i Jg B AF A4 Ak ) YR
TR B VI SE . 40 Hu-PBL /)y SRS A 60 28 0 4
YR 1) #5 , TR K Hu-PBL-PDX A58 Y (14 g 3
JE SRR AR 2L, 155 iR AR AR 21 25 120 ~
180 mm® I, Xof/INERFEA T W BOAEPE 4R U | PR e
fikiE: 5+ A PBMC ; Hu-HSC /) BRUBE A By T GVHD 2
I A5 , SRR T AR AR RN TR 22 10~ 12 J&, BT L Hu-
HSC-PDX Y38 F JE ke A CD34" HSC B RA £
P R A PR ) SR e B/ SRR 250 BRI
M\ CD3" CDA5™ L il id 15% (i % M Mo tt)m 12
JE) PSR R IR A2 AR A R A )
AR 252 1 B R 20 2 b BB A ) 1) N A i 4 i
R0 PR 745
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FURT, Hu-PDX A58 £ 1 ] T 22 Fh 36 20 1 i g
WEgEH AR/ N e 45 B B e R L =
BAPEFUARE R EFRIRAE T SRR 4 iR
240 e it -5 AP S RE AL B AR R BRI, AT A 441
R BREA PR R BN JEAR | RAE MR N S5 5
TET LS R ) S B 1 i A fe e 6 S B, A MR
FR R A R JR R R AL 0F 5 45 5 T B AT B2 10 7
FIUMEL, JEICAE T8 S 22 36 T BF 58 T i, it B ALY
PR

3 NBEW/MNRRBEMEREZSTARPHINEA

iR SR N T R 30 o B ML A B I R S S
o7 55 BEL DRI P38 e 8 1k e | DA SRR A Bk . R
FEAR A PURSZAR T 20l ( chimeric antigen receptor
T cells, CAR-T) G B A £ & 101 il 770 960 )7 LA K 5
MR IR 5 LR G T IEAF N TR AL/ R
BRI I LR S ety v 9F S 1) B AEL A Wl PR AT ASE 2
7 2 Je H AT CL A8 13 A JRAL /I BB RL AR AN ) 26
T E S et k5 B T
3.1 CAR-T & HHIR A

CAR-T Zi il S 5 ¥y ik JEU BRLAE T 484k B PR 2
P T 200, Al LR 53 1 3t 3 590 i 88 A+ 5C Bt
5, A SBONE T 200 ) LS ) 4 AR R A0 0 M R A LAY
TR NI AR BUE M . HAT CAR-T 7 ik
I PR FE 2N T B AR IR EL IR | AL 25 IR
GeABME MR B TR YT A SR MR VAT T
A&, N/ BB AT E W T4 Fh CAR
BT A HT IR S 7 ROTAL . Abate-Daga 457 A1) F i
Ji#9 Hu-PBMC-PDX BERY T & 1 — it %o iy 1) i
TLHMEHUE (PSCA) (1 CAR, s PSCA 1E 5T
CAR [P S e ey r AL PR I 1 ks s 75 A
BIF 5 4 38 ik W 76 B8 S Hu-PBMC-PDX £ I,
CD27 REMEILIN CAR-T 40 LARAT S i i Fp A
RT3 06 PEDY . WK, Hu-PDX BB Sy 37 £
CAR-T J7 3 78 52 M g v (9 A7 28 vk $2 3 7 7 19
Jrik.
3.2 MBS E S AT 5 A B R

ity 4 i P LA o 2 o A ik R S R SR
WU KR AT o 38 5 S iR Gl B 35 P A S ) 410
A 500 B e e i e S 8 M P R IR AR 2 — |, X
S PR SRR A mi, H A B SR BE A
AT ATV T K 4TI 4 (eytoxic T
lymphocyte-associated antigen-4, CTLA-4) F& ¢ PESE

T2 MR-/ P A T 2RI A4 1 ( programmed cell
death-1/ programmed cell death-ligand 1, PD-1/PD-
L1) T i8R E H-3(T cell immunoglobulin-3,
TIM-3) T 40 50 58 3R 25 19 ITIM 25 4 B8 (T cell
immunoglobulin and ITIM domains, TIGIT) . Ik [ 4
g i AL FE K -3 (lymphocyte activation gene-3, LAG-3)
L MERR RS 5 e e Bk AR BEE 3R -15 (sialic acid-
binding Ig-like lectin-15, Siglec-15) %, H:H CTLA-
4 5 PD-1/PD-L1 {5 5l B AU 5T KA T 2018 4Rk
DURAE A7 B BE A2 H i e A A 0 50
WHFE A PRI KRBT, (2 i T 5k = K i 3h )
BERPEA L RN GG IE , By LURH DG 45 R IFAEA . 1
ZAIF5E C Ak S N TR /)N BRUBE B A A P2 A6 A7 410
FIWEFE o B A #9140, Kenneth 270 [ F
EBV HIZEH IR 89 Hu-PBL-SCID /JN BRI Y S 07 2k
—HPIN CTLA-4 BT BEGLAR (MAD) |, 4551 BIR A
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Table 2 Application of humanized mouse models in tumor immunotherapy

S hE NG it/ ZH 21 NERTES B EIRYT T RGN
Cancers Human immune cells/tissues ~ Mouse strains Immunotherapeutic methods References
E%H’.%E' PBMC NSG CAR-T 0371
Pancreatic cancer
g, R PBMC - CAR-T (8]
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Advances in understanding the mechanism by which epoxyeicosatrienoic
acids protect against ischemia/reperfusion injury through the
mitochondrial pathway

YE Yongcai'*?, CHEN Zhexuan', LI Xiang”, TAN Weijiang”, YANG Fenghua®* , ZHANG Liangqing'*
(1. Department of Anesthesiology, Affiliated Hospital of Guangdong Medical University, Zhanjiang 524000, China.
2. Guangdong Laboratory Animals Monitoring Institute; Guangdong Key Laboratory for Laboratory Animals,
Guangzhou 510633)

[ Abstract] Increasing evidence suggests that epoxyeicosatrienoic acids (EETs) play a protective role in tissue and
organ ischemia/reperfusion (I/R) injury through a variety of mechanisms, and the mitochondrial pathway plays an
important role in these mechanisms. However, as an important target for /R injury prevention and treatment, the
mitochondrial pathway has not been explored in depth for EET-mediated protective mechanisms in I/R injury. This review
summarizes the role of mitochondrial K* channels, mitochondrial permeability transition pores, mitochondrial proapoptotic
proteins, and mitochondrial structural integrity in EET-mediated reductions of I/R injury, providing a theoretical basis for

further research. This is of great significance for preventing and treating I/R injury of organs, and improving the prognosis
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fi. SRMZRRILETE EETs 5019 /R IR IEH]
HA G A A, (R SR P VR T PR AR AR BIAR
ARV, I By T HLd 5 R S8 2 B, X (e A
FATHATIRABTIE
4 EETs RIP&HEEZ R/ BEFHRGNER
P

W5 KRB EETs 1 sEH #1 i 5) 5EAG 24084 4H 21
arE VR Bi05 EALRAR DI RERERT . HETANTIA
N EETs FE2a 5 LR LA @Rk SR LA e 32
VR 05 (IR 1) : OEETs $ISZokifk Kl ;
(QEETs Bl mPTP JF it ; @ EETs 1> 2 kLR £ I
TR B0 ; @EETs 4B 2o A S5 1 i 58 8 1k
4.1 EETs 5%&H{f K'i@i&

EETs e A1E FH T fE bk ATP sk 4
( mitochondrial ATP-sensitive K*, mito-KATP ) EIE A
2 ki K Ca® % 7% B9 K ( mitochondrial calcium-
activated potassium , mito-KCa ) i il 7£ N A 2R R7 AR K
IR AL 1) /R $145i . mito-KATP {7 F
LR AR A - e P ) B I B E D ATP 4558
PR AT AR, H R RE 2K K% ia 2 2 b (AR o
P TT 2R A A KT 0 J3E DA T 52 i 4 hE K R kAR
i, RN 2 5 LR R i S A B R 1 1o 72 0 1T 46 45
Sk Uk 5 el A 1 e MDY BIF ST K B mito-
KATP F V0T BV /D 2 1A D9 JIE i) 350 2 25 Ak L 2k
LA R A8 L R T AU 7 AR DT T3 Bk 1l 5 21
SURREEAT i EETs % UE W] AESE mito-
KATP 338, i7E CYP & #15 B N 14 39 =5 EETs
R Y /N B KT Y GO JIE £R 4 VR B B2 mito-
KATP JE3#E B0E > o [ AN EETSs Ab B
Az BRI/ ERC WL 20 S 0 R 30 5 38 i 2o 1k 19 48k e
JFRZS , W] EETs BEBLTE mito-KATP ™, 7E

P — 2 9 EETs 8 # mit-KATP HL 1 #F 55
Katragadda D 2" i mito-KATP #3013 5-HD 3
FTSE 0 A I EETs i Ao 9 20 2 b AR 17 388 i A A
AOE R B 5T W 3R W AR mE UL mE 3-0 G
( phosphoinositide 3-kinase, PI3K) ES5EES5T
EETs #7% mito-KATP 38 38 o 7227 fFL ik 8 2 3
B& AT RE AN 2 M — 3 B%  Sreedhar B 12145 % i B
PI3K H 4 il EETs 1 fE ML mito-KATP 38 i 11 334
I, JF HAE mito-KATP 3 18 BH i 0 7E 2 & A=
PI3K-Akt B , #2785 75 EETs P8 4% mito-KATP i
B RO E P oA 3052 A A5 S IR PLEHL A 1
SR SERE

mito-KCa i 1 &2 b7 i K™ 833 1 1) —Fh,
mito-KCa 38 18 AJ LU iF 20 B A Ca™ Y T 2 AR o1
ARHIIHO | 3 A2 2F 40 A 2R AR K Y 5 3 e 2D
Ca™ LA G ALK Ca™ M2, $2/R mito-KCa 1
EABIELEAIZL /R L 3 B R E Y i
— LRG3 W KSR B % mito-KCa 38 18 i 15 2 41
ARG ZE /R B0 . EETs $UEM BEEE mito-
KCa 3 , 4l Katragadda D %5"*" ] mito-Kca 188 #1f
il PAX Zb3ELO LZHZY, 45 ] kK eI FBR T EETs
Xof it 1L 25 2R PR AP AR T AH EETs Sl i A 4 & 124
T mito-KCa B IE I ATHHE , A UEHE R Y] PKA 5
PKC 7695 & K #iE R /R iR d s e rp e s 2L
PERIPS 84 PKA Bk PKC 38 B4R AT fE L EETSs 34
i mito-KCa FY—FALAI , 130G 221k — 45 1Y SC 50 A
E EETs 300 IR 875 R4 R 75 37 & PKA 5%
PKC [ 2R A 4 40 80 e i 7
4.2 EETs S&HKEBEEFEIRL

mPTP J2 4 R A N I iy & A B &9,
ATP & 1) — SR AR i, 2 40 58 T 1) OC B8 2800
o EIE R AR BT mPTP AR5 MG BT 2
B 2E A 1 D (ceyclophilin D, CyPD) f# 3527,
HAEE VR W, T A = At SobifAr G o
RE 232 B BEIT 5 | RELRLA Ca® B4 A AN |
PRV A R T AR N SR Ak 3N R, 7
AN R AEH T mPTP HREE i, mPTP ) JF
e AVE> 1.5%10° f943F A dsi o, X 51 & 4
B He AR A R AL B R A6 10 A A R | B 4 5 3 4
HEFET="* . EETSs #iiF B REA0 ] mPTP 1) JF M i
IR E /R #1403, U Katragadda D 2E" % 81
EETs AEI8/ 1 040 W 305 | B2 /Y HOC2 A0 JIE 240 i 2k
LR P9 BB L v ( mitochondrial membrane potential ,
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AVm) BRI mPTP BFFL, R B 48 H EETs 4
SO VR AT AR G L BR L AWm 9 5 K U 2%
mPTP [YIFL, A WF5E4E i EETs v] fEif i PI3K-
AKT {55l B R0 AWm LA FIBR$] mPTP 19T
W, B2 mPTP FERLAHLHI B 5T £ B, AMP
A 1) & H ¥ B ( Adenosine 5’-monophosphate
( AMP ) -activated protein kinase , AMPK) A% PN 7E 336
XoF B b A P T A U e ) R AR T S A
FIRAS I INK {5 516 2B CEE fEE B ] mPTP
PR T30 2 T U RS T 3 A R R R Y R T
EETs g i 1E AMPK FIBE 8 Akt A9 A% % (7 4 ik
B MEAE KPR FRATT EETs 4R v] B i i s
AMPK {55518 & 25 17 BR ] mPTP 475, DA ik 5%
HAZFE R /R 10,

il 5 3 AT A 5 3 4 S B AR R R 1 R
FFFE 3 T DL G 4 ok — 6 40 i 0 25 4 2R AT 2%
e — TR 3E 3 [R] B X 500 2 1000 4~ B iy £
RRTEATSCI A, & I8 mPTP (43800 AL K %
WS B S JF 1, FR N MitoWinks'™ 3 Ff
MitoWinks {38 3 5 B 5L~ LA DA R ] 42k i 5L
JOT G AR 2K, R T A /)N 1) R i AR SR AR 3 2 b 1A A
AT (H EETs J2 785255142 MitoWinks 4
FRWFFE, 3 A BB J& AR 9% EETs 38 i 26 b i ik 12
TP HBESE /R HLHIA— B
4.3 EETs 5&tfRBEATER

M ARYE T A PN A A R B ROk R A DGR R AR A
ZUEE VR M B R EE AR, Hrh gk
PRAMEE L B A2 98 T B A s A A, ST
&M H EETs i 4k # 6t /% A ( hypoxia/
reoxygenation , H/R ) 4 iE L K F| FH H AT EETs #4UlHF
PEFN sEH IR B3 AN RE AL &9 UA-8 AbFH
ANERES RO I FR RE G D 5 AN A AG R =10 L AR

FYJEA B 48 ) EETs 7T LAJ%E PI3K/ Akt 15 53
17 LAl 3 ik P Bz 4m i | T 4R R EETs 7640
AUZRE /R ] GE 28 1 PI3K/ Akt 15 53 I A Y
AR B R R EYM T /E , iX 7E Wenshu C
U AT TP AR BESE, b A i ST /R AR
AU e B 2 2 a0 2 T 34 ORL A T RE B A R
NADPH Ak A9 33005 | 5 3800 PR At o A i i
PAT Bel-2 FKJG 8 M 1 R 8 FNKIE Caspase-3 K fiil
KA T R, BN VR B EH EE S
Wit CYP i Rk s AMEPER I EETs Ab PR TI855 ,
JFH CYP 1 EETs By f& 3 I <94 PI3K-Akt 417
il 57 LY294002 BHKT, 28] EETs A4 51 F 2 /03
S1iE L PI3K-Akt A2V 50 T Lk RSB Bel-2
FIEE R FERBEMIEH S /R B0 R IEHTE T
ERDS  (HRANM A T3 KA H 2555 %
T, PR FRATT AT LA G VR I A A T g, 5
FIEA W5 R I EETs o] LLJE o 42 15] JNK/c-Jun {5
308 D ) 4 AR 2 R R < X M A ot S o AL A4
WAT-BIVERPT, IF 4 EETs J& 7 il i INK/c-Jun
155 530 PR R T R AR AR R IR S /R 05 0
YERT, 3% AT BB 2 AR I — D7 1]
4.4 EETs 5& Rk TEEH

5 IR ENES N PAEN A BB s % R LA N
SRRLUR BRI B 2 A A SR 28 A 56 I U A 1) g
X, HAr R AR P IS 1] PN 45 08 T i ok A S S 1/
ZHEACR N BB T, SRR Y 45 48 58 Pk —
B2 2B SRk 25 | 4ok (R D BE A B A, W9 &
L EETs REAE {5 LR 4548 114 58 B 2 35 LR A
BIIEH ThBE, El-Sikhry 257 78 HL-1 O HL40 YLK
ORI PG ADP/ATP FE SR AR AL W 1 RE
KB EETs 760 L0 ALk b6 3 18] GE 3% i1 OPA-1
FERARIKT- T A s 25 B ) BE eoRi AR T, 4

R 1 EETs #PLRiiR 02 /R 4500842 /e AL

Table 1 Pathways and mechanisms of action of EETSs to protect mitochondria from I/R injury

EETs /- S Ay 2RI 7R A2 2 7Y EETs f1EH B 27 3CHik
Types of EET-mediated mitochondrial pathways Role of EETs Mechanisms References
N - s PI3k-Akt 22
Zobifk K iEiE B mito-KATP Al mito-KCa ROS 00
Mitochondrial K* channel Activate mito-KATP and mito-KCa PKA/PKC [26]
AP " g , PI3k-Akt (2]
LR AE B AL BRI AWm fH5 2% PE T 0> mPTP I AMPK (30]
Mitochondrial permeability transition pore  Limiting the loss of A¥m and thus reducing the opening of mPTP ROS (21]
LRI TR 12> Caspase-3 it 8 7= H 19 45 PI3k-Akt [36]
Mitochondrial pro-apoptotic protein Reduces the activation of Caspase-3 pro-apoptotic protein JNK/¢-Jun (37]
SR 2 b5 A BT OPA-1 ST AL e i o o

Mitochondrial structural integrity

Increase OPA-1 oligomer level and mitochondrial density
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A X AR N7 B 4 N 2 A 3, #8578 T EETs
FEVE T LR A BB AE B, Akhnokh 4§ 7R
SEEH R[5 BRI 7 f14 B A 0 /N SRR AT O A 1 A5, 9F
FH sEH #7155 tAUCB ¥R 97, 45 - & B tAUCB 697
oY, sEH $t = 0] Ll 08/ EETs B9 R 2 25 g2 2k
A 2 R 5 105 DT T4 38 JUUARE A6 S ) Wi 4 7
IfE, [RIHHE & B sEH 23 {68 28 b A4 il 7% Mk i 35
o, SETT VR EETs ] DL BR Bl 1l 1k 45040 15 1 2%
RARDIRE, SR1 EETs Walis O30 (5 514 3k B 8k
PRI S 2 I R IR R A AL, A 05T
INH/INEE T H 1( Caveolin-1, Cav-1) A RERL B — M5
SAL IR AE T, Chaudhary 2810 A T/R BB A /)N
R U R 8 s AL A S AN 2 A, 445 1 (5
AR Cav-1 Bl AR 40 B RE TN I B B = T
M EETs b B 5 A0 I rh 43 15 100 J5 R 2ok 4 ) £
FE Cav-1 R0 ML BE SCRE I I, 328 Cav-1 5 5% &
FJRESE EETs /AR5 5 B ZORLA DT 5 | £ 4
RS B9 — AL (ELR 7 B 22 IR ST P LASIERA

5 NEERE

25 LTk, EETs RE 8 i I8 7 4ok ik K™l i
mPTP 2RI I8 T2 11 A S 2R A 45 # Y 5 J 1
LT VR Bilih R¥EEZ W ER . 1B
HLEE VR 058516 10 B ZHE T, 2ok iR 45 #4 Fn
hAEFa e PR e R — E RS B 5, 1 EETs fE
J—FPRER B E /R B4 IR B A ALY
HXF BRI E DL ENS S5 B 2 m 2 ik, 1
THSRAAARZ A A IHLEFEAE , O T ZEIRATEET
KIRAZRE ,, EMIRA T f# EETs 15 T4k 4
BLTI T 0BT Bl 16 07 =X, & BB 196 Y7 A
AR AL E VR A B EENE X,
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Research progress with non-rodent species in reproductive toxicity studies
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(1. Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences & Peking Union Medical College,
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Medical College, Beijing 100050)

[ Abstract] With the observed decline in human fertility, reproductive toxicity research has become increasingly
important. It is crucial to select appropriate animal models for evaluating the toxicity of compounds of interest. Because of
similarities in their reproductive system, non-rodent animals are valuable models for researching reproductive health and
disorders. In this review, we summarized the characteristics of non-rodent animal models and their current applications in
reproductive toxicity studies. The aim of this study was to expand the range of animal models available for selection and to
provide new approaches for nonclinical reproductive toxicity studies.

[ Keywords] non-rodent; reproductive toxicity study; research status
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Advances in research on the correlation of ages between
laboratory animals and humans

CHEN Yue', SU Dan', GUI Wenjuan®, SUN Xiaorong'*
(1. Chengdu Bio-HT Company Limited, Chengdu 610000, China.
2. General Hospital of Ningxia Medical University, Yinchuan 750004 )

[ Abstract] Animal research, which plays a critical role in drug discovery, has been of central importance for the
production of background knowledge for clinical investigations and the optimization of procedures prior to human trials. An
important feature of in vivo modeling is matching of the age of animals used in preclinical research to the age of peak
incidence for a disease state in humans. Indeed, it is clear that animal models must match humans at a similar stage of life
to be used as successful platforms for clinical translation, as many conditions that are targeted for drug treatment are age
dependent. Valid age matching is critical for successful use of animal modelling in biomedical research in general and, in
particular, drug discovery. It is important for researchers to understand that relative ages are different depending upon the
stage of life. Therefore, one has to determine the relevant age under investigation and what factors are being analyzed. For
this, special attention is needed to verify the phase of life of the animal (in days) and its correlation with the age of humans
(in years). In this article, we focus on an even more specific issue: the degree to which similarities between species reflect
fundamentally similar biological processes at a particular stage of development or age.

[ Keywords] laboratory animal; biological age; developmental biology; human lifespan
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Table 1 Correlating human age with laboratory animal age

[i1d=4 A% PN /MR K
Stages Humans Rats Mice Rabbits
s oy
Bk 0 29200 d 1095 d 730 d 3650 d
Entire lifespan
o AR P180 P21 P28 P28
Time point of weaning period
= e b
R P4 198 P38 P42 P150
Time point of adolescent period
P7 P21 P7 P
Time point of adulthood 300 0 0 365
IR
. . ﬁzﬁﬁl—.ﬁ;ﬁ? . P18 615 P600 P450 P2 190
Time point of reproductive senescence period
LR K
EFPRAR R 10 585 d 495 d 280 d 1460 d

Duration of aged period

T2 P 2R tH 2R R 0 KA Feik PO 4 AR 2 SOk 22 32 38T s B TR

Note. P indicates postnatal day. Table contents were collected by us according to the references

[22, 32, 38]

®2 AREHLEIHY AR

Table 2 Correlating human year with laboratory animal days

EE] KE(d) /NEL(d) Ha(d) NZE(AE)
Periods Rats Mice Rabbits Humans ( year)
AN He A
B 13.7 9.125 42.625
Entire lifespan
%ZL%'] . 42. 4 56.77 56.77
Weaning period
=+
Rl
. . 13. 04
Adolescent period 3.3 3.65 3.0 .
A
Adulthood 10.5 3.50 18.25
i 2EE R
A 1.8 8.82 42.94
Reproductive senescence period
%ﬁiﬁﬂ 17.1 9. 66 50. 34
Aged period

TR A AR E S SR 2 S BT

Note. Table contents were collected by us according to the references
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XTI Bl J R Y G H B, SR sh )
5 NZERI AR AR R AE & A A i B B R A B 25 57
RN B8 i 1] S 38 3l ) A 1 5 N AR I8 A A
SN, R R B 25 BN S W) Fh 2R N S AR I
AR AT 5T h Bl 5 B 1, 8 BT 7 21 /Y

[22, 32, 38]
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Research progress on rabbit model of cerebral hemorrhage

QI Junfang, BAO Long”
('The First Affiliated Hospital of Soochow University, Suzhou 215000, China)

[ Abstract] Rabbits have similar evolutionary history to primates, similar cerebral vascular morphological features to
humans, and easily localized basal ganglia. Moreover, as their success rates for cerebral hemorrhage modeling are high,
while long-term mortality is low, rabbits are considered to be an ideal research model of cerebral hemorrhage. At present,
there are several method for inducing a rabbit cerebral hemorrhage model; (D autologous blood injection, @ collagenase
induction, @ trauma, and @ caused by puncturing middle cerebral artery. Whether the model has been successfully
established can be assessed through the following aspects: behavioral analysis, gross anatomy, imaging, pathology, and so
on. And the successfully established models can be used to study the pathophysiological mechanisms of cerebral hemorrhage
and early diagnosis method , and to explore new treatment method , ete. This article mainly reviews the rabbit model of
cerebral hemorrhage.

[ Keywords] rabbit; cerebral hemorrhage; animal model
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