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Abstract

Objective: To investigate the effects of cytokines IL-12 and IFN-y on the immune microenvironment
of breast cancer patients by means of Bioinformatics analysis, and to study their value in evaluating
the efficacy of neoadjuvant chemotherapy combined with clinicopathological characteristics. Meth-
ods: GSE163882 was downloaded from the Gene Expression Omnibus database, and the expressions
of IL-12 corresponding gene IL12B and IFNG corresponding gene IFN-y were compared in patho-
logic complete response patients and residual lesion patients. The clinical data of 50 breast cancer
patients who received neoadjuvant chemotherapy at The Affiliated Hospital of Qingdao University
were collected. Chi-square test was used to analyze the correlation between clinicopathological fea-
tures and the efficacy of neoadjuvant chemotherapy. The predictive value of serum IL-12 and IFN-y
was evaluated by ROC curve. Multivariate analysis was performed by binary Logistic regression.
The correlation between IL12B and IFNG and immune cell infiltration was analyzed by ssGSEA im-
munoinfiltration. GO and KEGG functional enrichment analysis were used to explore the potential
biological functions and signaling pathways of related genes. Results: IL12B and IFNG were highly
expressed in pCR patients in the GSE163882 dataset. The serum levels of IL-12 and IFN-y in pCR
patients before chemotherapy were significantly higher than those in non-PCR group (P < 0.05).
Univariate analysis showed that pCR was significantly correlated with axillary lymph node metas-
tasis, PR expression, Her-2 expression and serum IL-12 and IFN-y expression after neoadjuvant
chemotherapy (P < 0.05). Multivariate Logistic analysis showed that serum IFN-y level before chem-
otherapy was an independent factor influencing the efficacy of neoadjuvant chemotherapy. Im-
munoinfiltration analysis showed that activated CD4 T cells, activated CD8 T cells, activated B cells,
and natural Killer cells were highly infiltrated in pCR patients. Conclusion: The expression of serum
IL-12 and IFN-y is correlated with the effect of neoadjuvant chemotherapy, and the high expression of
serum IFN-y before chemotherapy is an independent predictor of pCR.

Keywords

Breast Cancer, IL-12, IFN-y, Neoadjuvant Chemotherapy, Pathologic Complete Response

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. T4

ELMEGE R, FLE (Breast cancer) R AR S —AL[1]. Hr4i Bh ST (Neoadjuvant chemo-
therapy, NAC)Re S [ IR L, JF RVFTFARPEC DM BC B35 MR B R EE 2], FARATIEAT NAC LAk
/INFIRE B A VTS BC XA T I BURE[3], Bl Bhia T 5 A B0 B 58 S AR (pCR) I B L F - AE fF R 1
BT IERD)EI B [4]. IR _EARRT NAC 57 2P Al 3 B i i PR LR A 4% (magnetic reso-
nance imaging, MRI). FLIR X Z&45 2 . #7 (ultrasonography, US)F1 PET/CT 4 & &5 [0 23940 [5]. (B4 S8R
AL TTIER NAC [ I3RS B JRBR . Andrea Nicolini AT 7L R B, 4T, FEREAMEANE-12
MFHE, BEA/SGELS SR D RERRIVGESUMRIER . e Oy Tr AL e, 35
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FoAth S e 1T IR 7 s 2 B A T S 23R T 6] {H B RTIR D SR B TL-12 A1 IFN-y 52 35 0) A
VENADARESD, T SURRIE B A B Ak 7 97 ROl o TL-12 BN — R B . TL12 AEUs30% B
RN AT T 4, 75FTFIE y IFN-y)f =4 IFN-y 7540 %5 IS0 A1 BE 5 P e S
LI OCER AR F [ 7] RS ARAF 50 38 I A2 45 2 5 I R AE 285 G (1 5 =ORRT IfLE IL-12 A1 IFN-y 53
JU e 3 A B AR TT 7 R AR SSE, AAITT A NAC VA I7 $R 135 S8 R HE AN b S ko

2. R 55*%
2.1. IR ERESTHAE

GSE163882 I 5 #hH4fs M 3 R 25 & 335 (GEO) 4% £ (https://www.nebi.nim.nih.gov/geo/) T %[ 8] 1% £
A 222 4% NAC 697 BC 3%, HER2 FITEEZE 159 4], HER2 PHM: B 63 7. N R it
1) limma fLHEEL pCR A RD FE35 AH OG22 57 R IR HE R (DEGs), GSE123845 Jy A 41 (AL A Ml 4R

22. IRERESHH

2.2.1. —REEN

S B K F R E B B S A 2 R SO, o N AN R . B TR SO T SR b
JBEERE T 2022 4F 3 H % 2024 4F 4 YA 50 23520 BT i otk AL B, ElS 26~75 %, T
PR 49.1 £ 12.40)% .

WBIANARHE: 1) G200 2RISR BRSO FLIE : 2) TR e B2 4~8 Ja AR AERT Hi Bh L
J75 3) IRPRREZERISEEE; 4) TNM 308 T A HERRbR#E: 1) &6 ME; 2) BE AL,
Yl R G SR AR DS s 3) B A BT T S AT T s BRI VR T T

2.2.2. FRERIGHR

KH AV ER. PRy HER2. Ki67 R ILIRAS . # ER PHIEAT PR BHEIS i 9 g 24 o %
Jett > 1% [9]; HER2 BHEE XN G A G o+ B 50 9% 2 ' IR A7 % 58 (florescent in situ hybridization,
FISH)RLIIBA 5 Ki67 BHAEFI W AR 1 DA s 5 8% 7140 1000 NAHAR, BHPEAIRTTE <30% AMKERIE, >30%
REmAFRIE; WS WSS 8 e ORGSO 28 IR IS bk TR 5 N W 4 7%

2.2.3. I07& 1L-12 & IFN-y #&:

AR IE NACYRITHT 7 RN, SRIBUEFH S IIRES T HIKIMLFE 3~5 ml, 4 /A ESO7 B I,
% RaiseCyte2L6C Yt sCAHMIAX, 18I 2 B ki =X e g% 2 RO e B3 I IL-12 )2 IFN-y & &,
A ERIE T35 B B YR EM R IR A A .

2.2.4. NAC JT80EM

Z: 8 Miller-Payne 73 ZibnifE: 1 SRR A AT AL, IR 20 e Sk B RED: 2 S0
AR FE DD, U < 30%; 3 SRR ANIRD> 30%~90%; 4 ZUE AN E > > 90%; 5 IR
JeE RFAL A WL g A =, (R AT A7 AE S8 IR A7 - )2 RCB (residual cancer burden) il 54t : RCBO B pCR,
TR CIA B 5E &M RCB 1IRIEFRIA R, 0% m; RCBINRIER L ERE, #9
Zzfifes RCBII Z A o AHBTFOR pCR € MONFUIR R R I oI i s (P AR 3 IR A e ) LG MCES
MELEER, RIE KM MPS 20F1 RCB 732% 0 2.

2.3. ERES
FA 1M GSEABase I GSVA [10]6 1) HFEATE FI4E E 48 70 HT(ssGSEA) & 51l GSE163882 £ ¥ dE
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pCR I RD 3% 28 P 4 it F %

24. BERESR S

KH R HAF clusterProfiler £ 3E 47 2 K A4 (GO) Th BE i3 B 7 BT LA S ot #RE IR RN DR 4 | B4
(KEGG)iBE# 701, K3 T DEGs HIThREMER, P <0.05, #HRKIZH(FDR) <0.05 NANE S it .

2.5. G ESR

KA R (4.3.1 fR)F1 SPSS 25.0 BAFHEATSTH /0 #T. RF Spearman J5ik L4 IL12B F1 IFNG [IAH K
Y. KFH Wilcoxon K36 4> Hr4m i K 15 NAC J7 UM ME . SRR 75 BT IR RIR EE 4R 55 pCR 11
KM ROC LR BT TIL-12 K IFN-y X NAC J7 R TR i Rl ;. 2 IRNE R — ot
Logistic [F1J7. P <0.05 AZEFEH G5 L.

3. 858

3.1. IL12B #1 IFNG FE9#

FIF GEO %45 e GSE 163882 U 4 Hh it 5 PR 128 135 F I R A5 S5 61973 B 56 4= 2% fif (pCR) J8 2 AR B3 7
JE(RD) &3 1T Wilcoxon FRAIKGE . pCR &35 71 IL12B Il IFNG RIA¥ &+ RD B, WE 1. H 2.
BATHEFC T TL12B A1 IFNG &K ) Spearman A2, KL R IEM IR = 0.70, P = 2.62e-159), WK
3. @i GSE123845 H L AE N AMRERIE, WIH 4, 14 5.

p =0.00076

0.08 A
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Figure 1. Comparison of IL12B expression between pCR and RD tissues
[ 1. pCR 5 RD # IL12B FikHILLES
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Figure 2. Comparison of IFNG expression between pCR and RD tissues
2.pCR 5 RD 7 IFNG FIAHILL 42
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S =6.34e+07, p = 2.62e-159, Bspearman = 0.70, Clgss, [0.67, 0.73], npars = 1,081
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Figure 3. Association between IL12B and IFNG expression
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Figure 4. Comparison of IL12B expression between pCR and RD tissues
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Figure 5. Comparison of IFNG expression between pCR and RD tissues
5.pCR 5 RD /1 IFNG FIAHILL 4
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3.2. ISFRBHESHT

AFFRILGIN 50 BIRE AR R, sl BhETT 5 IR IA S pCR & 14 #1(28.0%), 3F pCR # 36 1
(72.0%).

3.2.1. II7& IL-12, IFN-y /KR SFRILTrITEa9HE %M
pCR E WS RTINS 1L-12 AP & F3E pCR &, ZREA S8 (W =167.5,P=0.001); pCR
FAIT AT IS IFN-y KPR ZF & TJE pCR ¥, ZRHEG SR IEE (W =694.5,P=0.001), & 1.

Table 1. Relationship between serum IL-12, IFN-y levels and adjuvant chemotherapy for breast cancer

F 1. M3E IL-120 IFN-y /K SZLBREFAHB LT T ABI X F

pg/ml

EiliiES i W p
pCR JE pCR
IL-12 1.30 £ 0.47 0.83+£0.18 167.5 0.001
IFN-y 539+4.24 1.85+0.63 694.5 0.001

3.2.2. 7% 1L-12, IFN-y FGMZL AR BRSNS EN LT FT 3

MLiE IL-12 S5#4i B 797 208 ROC HIZE FTAR N 0.842, MiLiF IL-12 B AE#B{E )y 0.955, 1y
HAM pCR ) REEH 0.571, Fr5FE 0.889, WL 6; IfiiF IFN-y SHrHBILIT 7 200 ROC HiZe T i
BN 0.943, IMLiF IFN-y B s AERIWE Y 2.895, BLES H UM pCR M R BUE N 0.786, H¢5 N 0.944, UL
Pl 7o MR I e AR AT s B 4 o e RIS AR R IA 4

ROC HfiZk
1.0

0.8

0.6
i
i3
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1- K5

Figure 6. ROC curve of serum IL-12 level predicting pCR in breast cancer
before chemotherapy

6. ITRIZLARAEILTE TL-12 7K M pCR AY ROC Hhsk
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Figure 7. ROC curve of serum IFN-y level predicting pCR in breast cancer

before chemotherapy

E 7. FrRiELAREE I 7E IFN-y K500 pCR Y ROC phZk

3.2.3. IRRRIBFHESFLARE NAC FrI xR
R R R RR, NAC J5 pCR 5 & k4%, PR 3Rk Her-2 ik K Ifig IL-12. IFN-y &

15 E (P < 0.05), W& 2.

Table 2. Relationship between clinicopathological features and NAC efficacy in breast cancer [Case (%)]

2. IRRRIBHESILIREE NAC I3 £ 2 [151(%)]

I RAEFR n pCR 3k pCR Ve P

R <50 21 6 15 0.196 0.658
>50 29 10 19

s R L 2 % 78 2 28 1 27 18.837 0.001
i 22 13 9

TNM 433 Il 27 9 18 0.828 0.363
11 23 5 18

ER H 4 37 8 29 1.784 0.182
B 1k 13 6 7

PR F 4 33 5 28 10.19 0.001
B 1k 17 10 7

Her-2 H 4 18 10 8 10.593 0.001
B 1k 32 4 28
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i3k
Ki-67 <30% 33 6 27 3.319 0.068
>30% 17 8 9
1 1IL-12 [SE- 7N 14 9 5 10.322 0.001
iRk 36 5 31
137 IFN-y RRIA 13 11 2 24.265 0.001
R 37 3 34

3.24. IR EEREE NAC THHWZEAEZESHF
P AL F 3 NAC ST R0 B NRAS &, HILHE IL-12 % IFN-y £ik/KFE NEAE, AT
Logistic [FIVH7 4T, S5H7R: IFN-y maRk A FUIRE B3 NAC J7 AR PR R (P < 0.05), L& 3.

Table 3. Multivariate Logistic regression analysis on the effect of NAC in breast cancer patients

% 3. FMILBRFEERE NAC TS E R Logistic EYA5 4T

fabr B SE Wald »? P 18 OR (95%CTI)
i IL-12 1.299 0.732 3.153 0.076 3.667 (0.874~15.384)
I3 IFN-y 1.368 0.683 4.010 0.045 3.929 (1.029~14.992)

3.3. RERIELLE

AT T RGBT E R, FATE IL12B M IFNG % 58K #1777 ssGSEA. fEMETH) 28 Fh
G AR, 5 RD BEAMEL, 15 P frE pCR B PRI &R, B CD4T 41
Mo, &AL CD8 T 4Hf. J& 4k B 400 (3 SR R g2, LA 8.

Growp B pcr B RO

Immune infiltration
o
@

> > N » > > > > Q > » 2 O » 2 N > > » » ™ »
& & & & & & & & & & & S & & & i\ & & & & & & & &
RS & & & & o« SSIC R I3 ¢ & & ¥ ¢ ¢ ¢ & ¢S & &
L & &S & & ¢ & ¢ & & ¥ SR N e P )
S D D ¥ & & & & o & K2 NG & N 53 3 & < < S
S & R IS S & S & S & & S N & ® S ¥ .
A © & @9 <& & & e‘@o & & « @vo\"k ¥ & < ,\\6\‘0 F P
S ¢ ¢ & 0
L A € &
& &
& T FF e @

Figure 8. A boxplot of the immune cell infiltration levels in RD and pCR patients
8. RD #0 pCR £& & 4 pZH7K F L& E
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3.4. THEESTHT

KH GO 1 KEGG ThREE %08, it IL12B & IFNG Z SRR E M Th e X5 58 . GO
RTEE RN FEAME KT, ERERNE: 1) 4R GT6E; 2) MREGRN 5% 3) BET
N EHETER: 4) PRAMES; 5) BRGNS RZE T THEEESE, WE 9. KEGG i
SRR, ERENTES SYME 75400 72 A R R RS R E R4 A2
MEAEH. IL17 F5@E%. AR FESER. BRRARN TS EmACmE, WE 10.

cell killing 4

lymphocyte mediated immunity -

chemokine-mediated signaling |
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natural killer cell mediated |
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response to chemokine §
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Figure 9. GO enrichment analysis of IL12B and IFNG differential genes
& 9. IL12B & IFNG ZFEREM GO EE D
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Figure 10. A Histogram of the top 10 KEGG signaling pathways
10. #1710 N KEGG {5 SRR E

4. it
TR 8 2 N BLESRAE IR . 3T AF R VeI 70 LI Y T I T — K2B, R B e 4
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JEE SR AEIREE, B G R T B B FE 7 R0 [ 11 ] 4T R 2 PR SRR 55 m tef e 0 41 e AR 28 400 B £
A 5 (Y B LA )

N EAE A28 12 (IL-12) 72— e b SODR A LRI A4 P e Wk 20 B 7= AR (AR R Rl [ 12] . AR —Fh
SRR R, PIESRAEEE T 4000 1 (Th) I IREiE T 40N S5 A 4 AN s AR [ 13], AR
O] ek e of A A B JAK2 A JAK T B TYK2 A5 IL-12 IR 732 /K KAl 5% STAT MIBEER L[ 14]. IL12
BRSO HARR (NGB AT T 418, S5 THILE » AFN-p)F =415, &Idok, TFN-y 7T LB R
AL, O AR A, B NK 408, CTL AEREGHM, [FE E i s 40 R MHC 1A IT 43§ 16].
TEGARBIE A, TL-12 T PPl 2 Pl e (6 SE B PR R YT 7. IL-12 IR A RERE 15 5 T 40 Haibk 2
TSGR TR Ik 78 PR R ARl T < AR LR 11 v 2 R B[ 6]

F-H#-y (IFN-p)s2H IFNG BEHF i E AN, & —FBAPURTE. PR A % /e - 2 21
PEANARIA T [17], REMSAM ) IE 5 40 MR35 AL A A A 355 . TRN-y JE TSm0, S MR 4 Xt CTL
(AHMO BRI T Ik ER4HAR) AT NK 4 1 5 v B R R 4t . B 4H IFN-y (41 Actimmune) 2 71677 3¢
BB, A0S I A ZE I (CGD) RIS B RS FARE 18] -

AKCEIT GEO BRI 40T, B4eRKILT IL12B Ml IFNG £ pCR BF hE&ik. AR5, midikR
HARIAIEMIE IL-12 ) IFN-y 7£ pCR BE T =R A G Rait e L, #iEsds IL-12. IFN-y iJRefER
LRI B A B AT T RO Al T R AE bR . BB ssGSEA SuftiR i o Hr i R iGik CD4 T 408, 3%
1k, CD8 T 4l 54k B 4R H AR A4 MIAE pCR 38 s BERIE . TL-12. IFN-y ZE LI NAC 97 3%
PR 5 T RS D, HERPEAS 0T NAC 5B A REANIE I S IR OB DR 25 [ 19] 0 ASIRAF 78 208 $2 7 I3 1L-
12 ¢ TFN-y 7K I 5 AT A S Bl 1 WL TT 2590 1 B 0 s I 5 Jir e 248 PR P B 928 V5 B A o

ZE LFTiR, I35 TL-12 F TFN-y 7K P 2L RS 8 4l Bh AT 97 RO fl v B S A T8 . AR R 7T
AL HE— 3D BRI A 6 G 928 DR -7 IR G s OR B PR T AL, DA B FEAth AR b 4 v LR AL T
TR AG B HERA

5. MR ER M

W OIEREAR RN, RBEVTBE AAFEOL, BT AT, R & NAC e 4 R 73Rk 48
o BEEFEARIY R, WA AN e E 5 T AN K ST R, IR KBV AR, JEKEETI
6] HHEE IL12 S TFNy 3o L AR 555 0 il BT 28 A VA S8 8 B 2 WL AR
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