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[ Abstract]
cancer transgenic mice at different ages (in weeks) and the changes in the composition of immune cells in the tumor
Eight groups of 4, 6, 8, 10, 12, 14, 16 and 18 weeks of age MMTV-PyMT female

mice (FVB mice as the background) and one group of 8 weeks of FVB female mice were prepared for routine blood

Objective  This study aimed to investigate the tumorigenic properties of MMTV-PyMT breast

microenvironment. Methods
testing, the pathological changes of the mammary gland and lung metastases were observed by histopathological

MMTV-PyMT

mice showed adenular ductal lesions at 4 ~ 6 weeks of age; the ductal portion expanded to the growth boundary at 8

sections, and the immune cells in blood, spleen, and tumor were analyzed by flow cytometry. Results

~ 9 weeks of age, and then gradually broke through the glandular boundary to form early breast cancer at 8 ~ 12
weeks of age, and advanced breast cancer at 10 ~ 14 weeks of age. At 12 weeks of age, metastases were visible in the
lungs of some mice, and at 14 weeks of age, the number of metastases in the lungs increased significantly. As the age
of the mice increased, the number of white blood cells, neutrophils, and platelets in their blood increased gradually,
while the lymphocytes and erythrocytes showed a gradual downward trend. Flow cytometry showed that with the
increase in age, the proportion of T cells in the spleen and tumor gradually decreased, the MDSCs in the blood,
This

study analyzed routine blood tests, pathology, and immune cells in the tissues of MMTV-PyMT mouse models of

spleen, and tumor gradually increased, and the NK cells in the tumor also gradually increased. Conclusions

different weeks of age, providing a novel perspective on the dynamic alterations of the tumor immune microenvironment

during the malignant progression of breast cancer.
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S U [ SCXK (H7) 2021-0003 ] #EAT IR R4 7
it R %K FVB/N-Tg( MMTV-PyVT) 634 Mul/J,
T35 b 7 T W7 T B 25 K 24 sh ) SE 6 P 0
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i CD45 PE-Cy7 $iLik (#it*5. 0066163 ) . CD11b
AF700 LA (415-.9289085) .CD11c PE $ifhk (4t
5:1235772) . CD3 FITC Piik (it 5 .2293781) |
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SRR MR T 2 mL BUEEE . U /DR
B—XFTFL A A il 2, 4% %2 B B g
[E5E , MBTEEE L 100 WL L7 A /) BRI AN g
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Changes in the composition of immune cells in the tumor microenvironment during the
development of MMTV-PyMT breast cancer mice

Figure 1 Experimental flow
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Harvest ¥ #2356 i FHHR L BY 7543465 241 2L 55 11) 1
ANH A FH TS TR G 2R R R i B A 21, SR S
70 pwm JE R UE , R BR KRIRA 8 7, 5 H
2 mL Harvest 55723 e g8 I USc 52 D8 W, B Sk B
M, A 3 mL 21 40 i 22 i i TR 20 B 0
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i, AR TTTE A MACS 28 i i e vk s , 5 20
JfI AT MACS G2 i RS B4R B /)
FUFIT CO, 22 SR BE e, B /0y B0 O i v T
2 mL PLEEE 1, B 100 WL L3 T 1.5 mL EP %
L0100 L £1 40 B 2R A, b AR 45 4R R A
BRI . B 200 wL 0B 2 96 FLi% ]
V B ALAR Y, 1500 r/min B0 5 min, 25 F i
fifi I MACS ZZ P& U 1 IRIEIMADUIA , REOLT
B 10 min J5,MACS JE3E 1 ¥, IIA 200 wL MACS
S PR R AN, L B U T LRI,

H 2 40 i {2 BD FACSanto £ i 3§ H FlowJo
10. 8. 1 #A#EAT 4307 o
1.3 SitFESH

SEEEAE I B+ PRAEZE (2 £5) 3R
7~ , I H GraphPad Prism 10. 1.2 #4740 ¥,
PHER ] LS, I ST AR AS ¢ 4G 30 AT 4 1] 204
Z4 ] B, SR B K &R J7 22 78 BT ( One-way
ANOVA) #EATGEHH 34T, LA P < 0.05  HA e it

2 #R

2.1 MRWEREEER

2 PCR Y 14)5 , A 2 pL 6 x loading buffer,
RAT, ERE6 wL T 1. 5%BUIR eI L REFL T
¥k 30 min Ji5 , 550 ANE 2 s, %A MMTV-PyMT
FE R AR 5256 26 /N BUPE 556 bp B0 B A 41, BAYE
S HRZHAE 556 bp AbJC46HT
2.2 AERE# MMTV-PyMT /) iR I & #1254k
LS

AHFFEBEHL 8 JE IS B X L /N R 4 ~ 14
JEI% FVB 15 5t 89 MMTV-PyMT #fE4: /)N B, 38 5 X6
/I B JUE B A 000 I RAH G AR bR R B, 4 ~ 8
JE#E/NE WBC NEUT 55 BA P X B8 2H 4 HE TG RH 2.
Ak TEHS 10 ~ 14 JEEET WBC #1 NEUT I35 1
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pp ke 12 3 4 5 6 55 10 ~ 14 BB B W (P < 0.01,P <
0.0001,P < 0.0001) ; RBC 7E45 12 ~ 14 J&# T
WBEW (P < 0.0001,P < 0.0001) ; PLT NI7E 12
556 bp ~ 14 [ R B ERIN(P < 0.05,P < 0.01)
2.3 FIRAARAR/FESFTNISE
2.3.1 FUBRALUEEAIR S
FLRHZ HE Je 25 1 Wor (| 3) , BIPEXT

500

200
100

TH:1.2.3.4: 55020 ;5 .6 [PEXT IRAE

. FRALFLIRAL T 1130, FLIE SE 5 L 20 M0 914
Note. 1, 2, 3, 4. Experimental group. 5, 6. NC group. | ,%%%*}L 5‘K’ /Nt R i {@ﬁﬁ//l\ ’ *Z/f:z: i
Figure 2 Genetic identification of mice by PCR ﬁ;‘l- ~ 6J§Jﬂ?"7\|ﬁ' y ;Eﬁéﬂ}[‘ﬂ%ﬂgﬂﬁgﬂéﬂ EF'H%Y@i

R 1 OARFEJEE MMTV-PyMT /N BULH G PRE Ik (2 = 5,0 = 5)
Table 1 Changes in routine blood indexes of MMTV-PyMT mice at different weeks of age(x = s,n = 5)

ZH 5
G’Ef }J)s WBC/(10°/L) NEUT/(10°/1) LYMPH/ % RBC/(10"%/L) PLT/(10°/1)
X BR Y
BIFEX AL 6.39 + 0.40 0.66 = 0.12 88.86 + 1.45 8.71 £ 0.13 1194. 60 = 37.38
NC group
4 JA 5.92 £ 0.36 1.14 £ 0.09 74.64 £ 2.12 7.67 £ 0.24 1018. 20 + 98. 30
4 weeks of age
6 JAi 8.25+1.77 1.20 £ 0.19 80.78 + 1.51 8.45 £ 0.21 1016. 20 + 148.95
6 weeks of age
R 8.41 £ 2.11 1.26 £ 0.40 77.86 + 4.98 8.18 £ 0.32 1056. 80 + 55.43
8 weeks of age
10 Jafte 10.76 + 1.42° 2.24 +0.40" 71.02 + 6.62™ 8.06 + 0.20 1253.40 = 75.07
10 weeks of age
12 JAi 12.56 + 2.95™ 4.55 £ 2.42™ 52.16 = 10.45™ 7.38 +0.317 1389.60 + 67.40"
12 weeks of age
14 Jift: 15.80 + 2.69™ 9.79 + 1.81™ 33.30 £ 2.127 6.47 £ 0.40™ 1425.00 + 88.34™

14 weeks of age

SRR AL, " P < 0.05," P < 0.01,™ P < 0.0001, ( FEIRF)
Note. Compared with NC group, “P < 0.05, ™ P < 0.01, ™ P < 0.0001. (The same in the following figures)

[H P 36 HiE 2 6 % )i
NC group 6 weeks of age 8 weeks of age

- A W
: v

3 MMTV-PyMT /NERFLARH LU #2728 (HE Yo i n = 5)
Figure 3 Histopathological changes of breast in MMTV-PyMT mice( HE staining, n = 5)
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A= I B 4R B FLRR /NI 5 22 0 R TR 4 e
PRFEURI 20 A% AL A 3G 5 8 T8 /) Bk e 448
Aksri i, BT W A FUBR G AR (0 R S
BRI 10 ~ 12 RS E, /N BRFLIR A SR =
iR AT 3 Vi), PR 4 i 2 R 2 T R A B
JEAS A AN T BB, R3S o0 LA /N i 5 4 8 X L A
B EA 12 ~ 14 JER R, ZURAZULT- 52 i
Je 20 LRI 5 L DAL B e 2 AU A K e 2
ZUrbrs AN A 40 40 Ak | e o I R A Tk A X
REFRFCSET- R, Kl 4 5 MMTV-PyMT /MR
FUR AL B AR E, B T MMTV-
PyMT /INERFLIRIE AR 1 4 & BB
2.3.2 iU B

fifigh 2 HE Y (o 45 51 W ([ 5) |, BdE Xt g
TN AAF ) L R AR BARR B
B, gt Js Ay 28 YR T BE 25 44 s MMTV -PyMT /)s
B4 ~ 10 JE I I 20 28000 F /N BRI S A8k
ZH 12 IR, /N BUI R HE Y (] U020 i 42 1
KB TR U | A0 BE AR AR G, e A i A
RIS 3 o IV A A Ok L R G RS S, B
RS, B 6 NEER IS A BT, & 14
SR FERS A B 12 iR B2 2R A
AREM(P < 0.05), 16 A 22 9™

YIRS TR TR TE 2 A i L SR AR g
UM AL | TR AR e 3 B8R 5 R B L 2
SRR | (S AR A AR TS RN A 22
SO BIER TR B RS, 2R BA
WEE(P < 0.001) , 18 JEJHE I g 4 i ik — 25
WALREER 22 R BA B EME(P < 0.0001)
2.4 MMTV-PyMT /NG B2 | BfeE o 2 9% 4
B ZE R
2.4.1 MMTV-PyMT /)N ERUAS [R) J&] % I, gL,
JeE T T bR L 40 A A A AR R

it 2 ARSI AS [] JE 3% MMTV-PyMT /)N B
1117 LN s I W Nl NS VR ke - 13
7R , MMTV-PyMT /N B BT BEZHAH FE , i
S R NN 0 i R R e = T S R P o e
th CD4" T 20 L 89 By o5 LR (32.00 = 2.56) %,
CDS" T 4RI AT 5 HE R (12,68 + 0.94) %, TE
10,12, 14 JE B CD4" T 40 B 19 7 i Bk 43 31
(26.70 + 2.07)% . (24.93 + 4.36)% . (22.63 +
1.34) %, bifi g /NI B 388 n, g rh CD4™ T 41 il
B b ) @ AR (P < 0.05,P < 0.01, P <
0.0001) ; 7E55 12,14 JEJ§ b CD8™ T 41t i Jir 4
e33R (7.51 = 1.04) % (6. 26 + 0.59) %, fi %
JNEURIA 3G, e CD8Y T 48 ) B 451 S 2

IEH A2 R4
FiBt BH X HE2H 4~ 61k
Stages Normal tissue Hyperplasia
NC group 4 ~ 6 weeks of age

JiR s
8 ~ 9% 8 ~ 12 %
Adenoma
8 ~ 9 weeks of age

e 17
10 ~ 14)#%
Malignant carcinama
10 ~ 14 weeks of age

Early carcinoma
8 ~ 12 weeks of age

AP
Cellular morphology

L Reampg AL B JiE s 4 H
Epithelial cells Myoepithelium cells Fat cells Basement membrane
T S BT BRAUM L, 7R AN R AR S B 105 5 MMTV-PyMT /N R AL TR [R) & B B B S48 ol 31 4 A g BL

4 MMTV-PyMT /) ERFLIRA BUE 2 AR AR X

Note. Four tumor stages were observed in transgenic MMTV-PyMT mice of different ages and in ducts at different stages of

development compared to NC group.

Figure 4 Morphologic pattern of mammary gland in MMTV-PyMT mice
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Note. Red arrows. Trachea. Yellow arrows. Alveoli. Blue arrows. Metastatic nodules.

Figure 5 Histopathological changes in the lungs of MMTV-PyMT mice( HE staining, n = 5)
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Figure 6 Number of lung metastatic foci(n = 5)

(P < 0.0001,P < 0.0001) , B4} I 2H iy
hCD4" T 40t 5tk (54.10 + 3.37)%,CDS* T

B 5 R (25. 80 + 2.76) %, 1E45 10,1214
JERE H CDA T 20 B B9 JF o Ee 43 B (37.62 =
5.48)% (25.65 = 6.26)% . (4.79 = 2.35) %, I
/BRI A3 N, R v DA™ T 4H LAY L 5] e
FEEAK(P < 0.001,P < 0.0001,P < 0.0001) ; 7F
551012 14 AR+ cD8™ T 40y i 5 o251
F7(22.04 £ 1.08)% . (21.38 = 1.24)% . (14.22
+ 1.86) % , B /INEURL 8 B 34, g b CD8* T
M G HE 9] e AR (P < 0.05,P < 0.05,P <
0.0001) ,
2.4.2  MMTV-PyMT /)N RS [R) &) % L 380 9, e
Jei P H AR AR A0 ( natural killer cell,NK) F725 4k
PSS

i 8 o, SEge A 5 FIPEXT RRATAH LL , ik
A NK A ICHA AR TR 3, A X)L
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Figure 7 Changes of T lymphocytes in blood, spleen and tumor of MMTV-PyMT mice at different ages(x = s,n

cytometry. B. Statistical chart of the proportion of CD4" T and CD8" T cells in the blood of mice of different weeks of age. C. Statistical chart

and CD8" T cells in the spleen of mice of different weeks of age.



rp [ ST B 2R 2025 4 7 A5 33 858 78] Acta Lab Anim Sci Sin, July 2025, Vol. 33, No. 7 943

10,12 .14 JE Mg b NK 406 B 5 2y 50 (4. 45
+1.29)% (9.61 + 0.58)% .(22.80 = 2.20) %,
Bt/ B 8 380, B v NKC 4 B A b B3] dnl 2
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A
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BEWM(P < 0.05,P < 0.0001), BHM:XELAH
[l MDSCs 40 BELAY BT (5 HER (29. 73 + 2.51) %,
TE 1214 J& B4 MDSCs 41 M 59 B 5 He 43 51
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JES 3G, v MDSCs 2 it 1 Fb 451) 55 3 1
(P < 0.0001,P < 0.0001), B X} B8 20 b Jeg oo
MDSCs 4R AT 5 ELh (17.15 + 3.06) % , 15 10
12 .14 J& i 98 v MDSCs 40 L 89 B o5 b 43 91
(27.77 + 1.04)% . (26.87 + 2.17)% . (28.61 +
3.17) %, G /N BRI 35 0, kg b MDSCs 2
O E b S 3 (P < 0.01,P < 0.01,P <
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Note. A. Representative images of NK cells in blood, spleen and tumor of NC group and experimental group at different ages by flow

cytometry. B. Statistical chart of the proportion of NK cells in the blood of mice of different weeks of age. C. Statistical chart of the

proportion of NK cells in the spleen of mice of different weeks of age. D. Statistical chart of the proportion of NK cells in the tumor of mice

of different weeks of age.

Figure 8 Changes of NK cells in blood, spleen and tumor of MMTV-PyMT mice at different ages(x = s,n = 5)
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Note. A. Representative images of MDSCs cells in blood, spleen and tumor of NC group and experimental group at different ages were

detected by flow cytometry. B. Statistical chart of the proportion of MDSCs cells in the blood of mice of different weeks of age. C.

Statistical chart of the proportion of MDSCs cells in the spleen of mice of different weeks of age. D. Statistical chart of the proportion of

MDSCs cells in the tumor of mice of different weeks of age.

Figure 9 Changes of MDSCs cells in blood, spleen and tumor of MMTV-PyMT mice at different ages(x = s,n = 5)
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