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Abstract: This study aims to investigate the effect of anti-PD-1 antibody expressed in mouse

mammary gland on the surface antigen protein of spleen T cells, cytokine expression, spleen
CD4" T cell proliferation and proliferation related pathways of transgenic mice at the cellular
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level. Transgenic mice expressing anti-human PD-1 antibody at 8§ weeks of age without
pregnancy and 18 weeks of age with lactation were divided into two groups, with transgenic
negative mice in each group as the control. Spleen lymphocytes were extracted and the changes
of spleen lymphocytes were detected. Compared with transgenic negative mice, the proportion
of effector T cells of spleen T cells in the immune system of transgenic mice with anti-PD-1
antibody expressed in breast increased, the proportion of Treg cells decreased, and the IFN-y,
IL-17 and IL-2 expressed in CD4" T cells increased in varying degrees. Moreover, 1L-4, IL-10
and TGF-B in CD4" T cells did not change, nor did some cell surface protein molecules related
to T cell stimulate. There was no significant difference in T cell proliferation between
transgenic positive and transgenic negative mice. In transgenic positive mice, the expression of
phosphorylated proteins in PI3K/Akt/mTOR and RAS/MEK/ERK pathways were partially
up-regulated, but the whole pathway was not completely up-regulated. Therefore, it is feasible
to use transgenic mice as host to express monoclonal antibodies related to immune system such
as anti-PD-1 antibody.

Keywords: transgenic mice; anti-PD-1 antibody; spleen T cells; cytokine; cell surface antigen

protein; signal pathway
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TR ZWHL(100x), W H Hyclone 23l ;
S R E PRGN &, WA TAEY TR
AN A PR T 5 4%-20% SDS TR 4 Bk Jie 191
il e, WA K R A R ECA R A
Western blotting i 7] & . 2t il &,
A bR R A R AR SR EA
PG &, W A FiFRUE A R A A
True-Nuclear™ Mouse Treg Flow™ Kit (FOXP3
Alexa Fluor® 488/CD4 APC/CD25 PE). PE

CD274 (B7-H1, PD-L1) . PE
anti-mouse CD279 (PD-1) . PE anti-mouse CD80 .,
APC anti-mouse CD28., PE anti-mouse CD152
(CTLA-4) . APC anti-mouse CD62L . PerCP/
Cy5.5 anti-mouse/human CD44 . PerCP/Cy5.5
anti-mouse IL-4 ., APC anti-mouse IL-2 ., PE
anti-mouse LAP (TGF-B1). PerCP/Cy5.5 anti-
mouse IFN-y. APC anti-mouse IL-17A ., PE
anti-mouse IL-10 ., FITC anti-mouse CD4 .
PerCP/Cy5.5 anti-mouse/human CD11b., FITC
anti-mouse CD11c., APC anti-mouse CD19. Cell

anti-mouse

Staining Buffer . TruStain fcX™ (anti-mouse
CD16/32) Antibody. RBC Lysis Buffer (10x),

Fixation Buffer . Intracellular Staining Permeabilization
Wash Buffer (10x).Cell Activation Cocktail (with
Brefeldin A), Biolegend 2\ 7 ; MagCellect™
Mouse CD4" T Cell Isolation Kit, R&D /A H];

CellTrace™ CFSE Cell Proliferation Kit ,

Invitrogen 73 H]; Active Ras Detection Kit .
Phospho-PI3 Kinase p85 (Tyr458)/p55 (Tyr199)
(E3U1H) Rabbit mAb. Phospho-Akt (Ser473)
(D9E) XP® Rabbit mAb . Phospho-mTOR
(Ser2448) (D9C2) XP® Rabbit mAb .
Phospho-p44/42 MAPK (Erk1/2) (Thr202/
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Tyr204) (197G2) Rabbit mAb., Phospho-MEK1/2
(Ser217/221) (41G9) Rabbit mAb. Akt (pan)
(C67E7) Rabbit mAb, PI3 Kinase p85 (19HS)
Rabbit mAb. Ras (27H5) Rabbit mAb. p44/42
MAPK (Erk1/2) (137F5) Rabbit mAb. mTOR
(7C10) Rabbit mAb . B-Actin (D6A8) Rabbit
mAb. Anti-rabbit IgG, HRP-linked Antibody .
MEK /2 (47E6) Rabbit mAb, 4 CST A,
1.2 R4
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[ 8 JE % fe 18 J&] 5% 5L Kl C57BL/6 METE /MR,
A S ug S F @ U0 C57BL/6 /N U A FE b
ORI RHE A BRAF, /NI R S 4 T
Jﬁﬁi(specific pathogen free, SPF)ﬂ:i}mjn e, i
Bl 5L 34 25 i R 25 T A 5T B 25 BT
WF 75 0 5206 B 18 B L S E L E S
FZYL2021F041),
1.3 HRFEEmRERIEEE

MEME CSTBL/6 /N BRUAE AR W 22 4 A rp B
WE, WFEE S 70 wm — R4 A 0 2 A g A0
M, 20 BB T W R 2% vk (phosphate-buffered
saline, PBS)IFW . A5 IIA PBS ZZARFL
15 mL, B E.0HL 350xg B0 5 min, % Ei.
P 21200 Jf A7 W (10>) HZE IR K AR BE L 1< T
VEWRIE )G, S48 A 3 mL, 7K EW¥E 7 min,
R TR A 10 mL Cell Staining Buffer, 5 1141
WIS 350xg B0 5 min J5 2 Fif. F 10 mL
Cell Staining Buffer @& HE¥E—K. THEIG4N
JiL, 3 LA 5x10°-10x 10° /4~ 4l i /mL #1937 Cell
Staining Buffer " # H7 E % I B 100 uL kA
12 mmx75 mm B E 100 pL gi
JILA 1.0 pg TruStain fcX™ (anti-mouse CD16/32)
Antibody, 7K P E 10 min J T 5 Fe 5214k,
100 pL 200 ool ACKE R %) 48 it 32 Th e iA
ZYRIE N 0.2 mg/L, HIREFALIFF 15 min,
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B INA 2 mL Cell Staining Buffer, 350xg &[>
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LRI
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FE TR Y B 1x10° A A A
0.5 mL Fixation Buffer, h54b2 5% 20 min,
350xg B0 5 min, £ W, FHZEIB KK
Intracellular Staining Permeabilization Wash
Buffer (10)F B 1, 4 1x10° 40 IA
1 mL, 350xg . 5min, & i, EEBHIK,
1> 10° A I A o AR Rz i 1 40 e A1 -4
I, 2R 0.2 mg/L, # IR ALIEE 15 min,
JiA 2 mL Cell Staining Buffer, 350xg & .(»
5 min, % . VEERPIK. B 1x10° /20
JA 0.5 mL Cell Staining Buffer T2y, JH
T A o0 B A I
1.5 CD4'CD25'FoxP3" Treg ZH if1 5944

f . True-Nuclear™ Mouse Treg Flow™
Kit (FOXP3 Alexa Fluor® 488/CD4 APC/CD25
PE)idGH & HEAT Treg LAY o AR 1.3 f975
LR TR A B 1x10° AR A
20 uL CD4 APC/CD25 PE WIR &Y, KEAb= R
J% % 15 min, A 2 mL Cell Staining Buffer,
350xg B0 Smin, % DE, VRS 2 K. B 1x10°4
MM 1T mL [ i G0 & N B Iy, e
TRA) R AL 2 IR 45-60 min. 4585 41 it B 92
JIA 2 mL Perm buffer (id57 & N #1L), 350xg
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B0 S min, 2 B CH AT E T 100 ul Perm
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W H 30 min, AR 40N A 2 mL Perm buffer,
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HE AN, AR B
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EEIGUE 1R, US4,

M MagCellect™ Mouse CD4" T Cell
Isolation Kit Ht i} 10xMagCellect Buffer 7% 1#
IKFEBERL 1%, 1xMagCellect Buffer 75 & TvK I
sKAAT HTE 24 h WHSE. BAREST
1xMagCellect Buffer ¥ & 4 2x 10° 4l fifd/mL .
110" 4R A 10 pL Mouse CD4" T
Cell Biotinylated Antibody Cocktail, ¥:ZEiR%],
B bt B, BT 2-8 CUKAR A 15 min.
it I 240 RV I A S AR A B e R R G U
&, BFIRY, PiEBBAHE, &F 2-8 CiK
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W E S 4 o A — KB 1x
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i, FH PBS EEFEWRE N 13107 4 fl/mL .
T AH AR 2 umol/L CFSE Y43, 37 ‘C/K
7 20 mino SR FFONA 4 FEARFLAY T 40 %
PARE R M AR ZE A YLk, E 5 min,
350xg &0 5 min J5 2k B, AT 20 A 1 5 85
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1 mL 74 1) 245 B AR S uL W 2 1t
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RA . K EWRRE . ¥ 1.6 H4& e I aE
CD4" T 40 LL4F 5x10° 440 fd il A Lysis
Buffer 0.5 mL., 4 ‘C. 150 r/min #JK¥%7% 1 h.
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~70 CLRFF -
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¥ 1.7 SR EE 1 #E4T Western blotting
Rty A2 RO AR A0 A R, R
ARG S
1.9 Ras FMHENE

FRE Ras 36 M0 0 & Ui 45, Jel%
TR & P A I BEAR R A MRS, A 100 pL
BB H KBRS, 6 000xg B0 30 s, FEYsE
BRI . BERR T 400 uL 1< /45 A
VEVRGE M, 6 000xg B§.0» 30s, FFRIEE
HIWAA , A 80 ug GST-Rafl-RBD J&5, 7B
A 500 pg B, KM IR EE R,
4 °C. 60 r/min FEIRIR IR 1 ho Keiis AU
BHIHEM 6 000xg B> 30 s, KEHEM R A B 1Y
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R T, 400 pL 1< /45 6 105 98 h il
THVETER B IR, 6 000xg B0 30s, FFEE
O, TR 2 WK FHEMECA S B EE
B, A 50 L 3RS (F 200 mmol/L
DTT 1 2xSDS il 2 vh il ) #EA T W BT, T
FESL, ZEIRPEE 2 min, 6 000xg #5.0 30 s, 1L
VR, 95-100 CHIFA 5 min, #£5 #E4T SDS
BECHLYK J5 F Ras Rabbit mAb #£417 Western
blotting £ ,
1.10 RS

AR R I 45 R Flowjo (BD)%K
i 47 43 B, Eo ¥ 7 GraphPad Prism7.00
(GraphPad A RN ¢ K gt r 4 it4rtr
J& ) [ . Western blotting & §i% | Image J
(National Institutes of Health) ¥ % J5 £t ¥ 7F
GraphPad Prism 7.00 (GraphPad)# {4+ F ¢ K546
AT AT e R

2 ZERE54

2.1 HERF/NR CD4A T HEERE PD-1 &
ek gte

1E 8 JEIMAFN 18 AL I FL i 4o Db i it B
o, BEIEDNBHE B, CD4" PD-1 40 i i) B 451 A 45
T JE R BRI BRER AT N R B R AR, 76 8 A
WAL L N BH P LR CD4™ PD-17T 40 g o5 itk B0 2
MU 18.620%£1.261% (n=10), %% 3k K A LAY
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(36.79%£1.44%, n=8)2 [A] 22 5+ Bl — L6 (18 J]
FEAIK 20.5% vs. 8 JRIFEAR 17.8%)(&l 1), DL E4h
SV L N R FLIR TR 85T PD-1 1t
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Figure 1 Expression profile of PD-1 on the surface of CD4" T cells in transgenic mice. A: Splenic
lymphocyte circle gate. B: CD4" cells in spleen lymphocytes. C: Expression and flow cytometry data of PD-1
on the surface of CD4" T cell in 8-week-old-mice (8 weeks) and 18 week-old-mice (18 weeks). D: Percentage
of PD-1 in CD4" cells in 8-week-old-mice (8 weeks) and 18 week-old-mice (18 weeks). #-test for statistical
analysis, * P<0.05; ** P<0.01. Negative: Transgenic negative mice; Positive: Transgenic positive mice; The
age of transgenic negative mice and transgenic positive mice used in this experiment is the same between the

same group. The same below.
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Figure 2 Comparison of PD-L1 expression on the surface of APC cells in transgenic mice. A: Expression of
PD-L1 analyzed by flow cytometry. B: Expression of PD-L1 analyzed by ¢-test. CD11b: Macrophage surface
marker; CD11C: Dendritic cell surface marker; CD19: B lymphocyte surface marker.

2.2 HERFE/NR CD4 TP TH  FEEAMER CD62L"CD44™ FF & i Kl 53]
Ba g EE AT 1k k1 21.700 0%+0.906 6% (n=10)F1 17.130 0%-=

BIL AR CD4™M T 40, 0.955 2% (n=9), & 18 & i3t/
CD62L"°"CD44"" A ity o5 4w TR REBE /NEP, CD62L°VCD44™e™ it (& (4 L 1] 43 A
PERL(KL 3), 75 8 R B, SEILIRBHPERRIE  29.160%£1.799% (n=T7)F1 22.630%=1.383% (n=8).
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Figure 3 Profile of the percentage of CD62L"°VCD44"" cells in CD4" T cells in transgenic mice. A:
Percentage of PD-1 positive cells on the surface of CD4" T cells analyzed by flow cytometry. B: Percentage
of CD62L'°"CD44"¢" cells analyzed by flow cytometry. C: Percentage of CD62L"€"CD44'" cells analyzed
by flow cytometry. #-test for statistical analysis, * P<0.05; ** P<0.01.
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ZIHE T 4 MR 53 M ) 200 T LG22 . X Fh g
Ml 7E 3 WA FLYT J5 2 B R — 2k
2.3 HER/NRE CD4™ CD25" FoxP3" Treg
YHAEAY LI R B CD4™ T 40 i 3R 3% BY 4R B8
& F TGF-B. IL-10 B9Z5 1k
AR BR A A CD4” CD25°
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Figure 4 Percentage of the CD4" CD25" FoxP3" Treg cells and profile of the TGF-B expressed in transgenic
mice. A: Flow cytometric fluorescence detection signal diagram of spleen lymphocytes after staining. B:
Percentage of CD4" CD25" FoxP3" Treg cells by flow cytometry analysis. C, D: Flow cytometry and
proportional data analysis of CD4" T cells expressing TGF-p. E, F: Proportional fluorescence detection diagram
and proportional data analysis of CD4" T cells releasing IL-10. ttest for statistical analysis, * P<0.05; ** P<0.01.
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Figure 5 Changes of cytokine released by CD4" T cells in transgenic mice. A, C, E, G: Flow cytometric
fluorescence detection of IFN-y, IL-17, IL-2 and IL-4 released from CD4" T cells. B, D, F, H: Data analysis
diagram of IFN-vy, IL-17, IL-2 and IL-4. ¢-test for statistical analysis, * P<0.05; ** P<0.01.

x1 #HER/NR CD4” T MR E F B & b5l

Table 1  Percentage of different cytokine released by CD4" T cells in transgenic mice

Cytokine 8 weeks negative (%) 8 weeks positive (%) 18 weeks negative (%) 18 weeks positive (%)
IFN-y 2.863 00+0.307 90 3.780 00+0.280 00* 3.224 00+0.184 70 4.109 00£0.223 40%**
IL-17 0.377 80+£0.041 76 0.516 40+0.037 59* 0.528 80+0.059 83 0.821 40+0.121 40*
IL-2 2.012 00+0.072 24 1.972 00+0.095 86 4.489 00+0.404 40 7.137 00+0.614 30**
IL-4 3.231 00+0.159 10 3.103 00+0.196 70 2.93500+0.171 10 2.596 00£0.121 00
IL-10 2.312 00+0.127 40 1.937 00+0.113 20* 0.928 80+0.073 08 0.895 70+0.086 27
TGF-B1 1.890 00+0.127 20 1.983 00+0.139 90 1.375 00+0.125 30 1.097 00+0.090 76

8w: 8-week old mice; Negative: Transgenic negative mice, n=9; Positive: Transgenic positive mice, n=10. 18w: 18-week old
mice; Negative, n=8; Positive, n=7. Two parallel experiments are designed for each group. *: P<0.05; **: P<0.01.
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Figure 6 Expression of CD80 in APC, and the percentage of CD28 and CTLA-4 in CD4" T cells in
transgenic mice. A, B: Expression of CD80 on APCs. C, D: Expression of CD28 on CD4" T cells. E, F:
Differences of CTLA-4 expression between transgenic positive mice and transgenic negative mice aged
8 weeks and 18 weeks.
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Figure 7 Effect of expression of anti-PD-1 antibody on CD4" T spleen cell proliferation in transgenic mice.
A: Flow cytometry of T cell proliferation. B: Analysis of flow cytometry value-added index data. N:
Transgenic negative mice; P: Transgenic positive mice, the same below. N.S.: Not significant, P>0.05.
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Figure 8 Effect of anti-PD-1 antibody in milk on signaling molecules of the PI3K-Akt-mTOR pathway in
CD4" T cells in transgenic mice. A: Western blotting results of protein and their phosphorylated forms on
PI3K-Akt-mTOR pathway. B, C, D: Gray scale ratio phosphorylated protein to total protein. N.S.: Not

significant, P>0.05; **P<0.01.
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Figure 9 Effect of anti-PD-1 antibody in milk on signaling molecules of the Ras-MEK-ERK pathway in
CD4" T cells in transgenic mice. A: Western blotting results of protein and their phosphorylated forms on
Ras-MEK-ERK pathway. B: Gray scale ratio of Ras GTP to B-actin. C: Ratio of phosphorylated MEK1/2 to
total protein. D: Ratio of phosphorylated ERK1/2 to total protein. N.S.: Not significant, P>0.05; **P<0.01.
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