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Abstract

Objective: To explore the expression of secreted phosphoprotein 1 (SPP1) in lung adenocarcinoma
and its correlation with M2 macrophage infiltration. Methods: The expression level of SPP1 in lung
adenocarcinoma, its correlation with survival outcomes and immune infiltration characteristics
were analyzed based on the TCGA database and online platforms including GEPIA and TIMER. A total
of 50 pairs of lung adenocarcinoma tissues and matched adjacent non-tumor tissues were collected.
Immunohistochemistry and immunofluorescence staining were performed to detect the expression
of SPP1 and CD206, and their clinical significance was further analyzed. Results: Bioinformatics
analysis revealed that SPP1 was highly expressed in lung adenocarcinoma tissues, which was cor-
related with poor overall survival and increased infiltration of myeloid immune cells. Validation of
clinical samples demonstrated that the high expression rate of SPP1 in lung adenocarcinoma tissues
was significantly higher than that in adjacent non-tumor tissues, and SPP1 overexpression was as-
sociated with TNM staging and disease progression. The progression-free survival tended to be
shorter in the SPP1 high-expression group, whereas the difference was not statistically significant.
Multivariate Cox regression analysis indicated that SPP1 was not an independent prognostic factor.
Immunofluorescence results showed that SPP1 expression was positively correlated with the den-
sity of CD206* M2 macrophages. Conclusion: SPP1 is highly expressed in lung adenocarcinoma and
is closely related to tumor progression and elevated M2 macrophage infiltration. It may participate
in the remodeling of the tumor immune microenvironment in lung adenocarcinoma, while its inde-
pendent prognostic value remains to be further verified.

Keywords

Lung Adenocarcinoma, SPP1, Tumor-Associated Macrophages, Prognosis, Tumor
Microenvironment

Copyright © 2026 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. 5|8

JIs Pt e A /I i g %) 2 A A2 R 2 —, ARG BRI RS, R R R IR Z R e, o
HRIZH CALT3E IR ] RE I AR EE Ve JT A iB T S5 AN W A fE it i S (R0 9T R A ek
5, B B I 24 SR K IE 2 R AR [ 2] (3], ITAESRT AR, i s ) R AR R AT
Sianiu A g o, i85 H BT AR ) R f34 55 (tumor microenvironment, TME) % UIAHIE, R MIA 5 S
Mg, 228, Hf K 255 2 Focs A ad 1214 [5].

JIFv R A B K IR A i K 22 b S P A AN S O R SR R R AR S R AR5, Hoh, MR CE
Wi 40 (T AM ) 7E 3 28 Sy 30 B o b R HE OB E R ANER I IR TR 555 Hh 52 1) TAMs V23 [ D) RE AR 9%
O, AT TR R VR TR SR B

JirJ2d #H 5% % 41 9 (tumor-associated macrophages, TAMs) & fi IR T30 35 (1) 88 20 e 47, ARIEVE AR
AR, BEWRAMA] 5 & G ML 2O ARSI M2 &) [6] [7]. 5 M1 BAHEL, M2 BB R
i A 1) A 4 S e A A R A FH 8] AR TR, TAMs 3 % R I S 320 M2 Y (1) T Ry
fiE, X PR AW FL A S I e ki . s R A R TS B UIAE 997
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TENG IR A LT, B REIREONE K, HECE R IRRIRES S5 Mg L AT RE VI a0
Fidsn, LLCD163 8t CD206 Abr £ M2 B EWR AN HR i N, & 55w 0. eSS = A7
SEJRARIR[10]-[12].

JiFv 28 240 H 5 2 4 2 T) AR E A P A M e e G e PR S5 1 L R . AR AR, IR A
J ] 38 I G 2 P A L IR - S AL TR T s e AR L SR A, RS S BRI M2 YR AR, T TE
A T TR A KR 2 S0 R AR [ 13]-[15]0 AEIX — b FEH, — BRI A 26 /W 2R (I B T RER
HHERIZRGER. Ko, SPPLAE AP AMEE AR SR 1, A B i3 H A 5 e 4 e i 5 A2 22
FHOR[16] [17], & AT REE VAT BRI D BRIRAE S SR e WO E I, JH5 M2 FER ALY uAH ¢
[18].

RAE DA TR SPPL 1E 2 Fiis b = R IE H 5 S e A BT B BB AH G, (H FLAE b e () 2L 212
FIEFFAE . FUGIE,  LARS Bl FH 5% B 5 20 B 2 18] 96 2R i =2 0k 1 A SR 35008 P 5 1 PR A A A &5
HIRGY. ET I, AR A AE TR ZUEERIE A T, #8157 SPP1 R h iRk . I
PR XSS M2 W40 A 2

2. ERERE
2.1. £EMERESH

AWFFRINH TCGA HUHE e[ 1935 U s 7 57 20 3R TA 1% K PRI U7 B2 k), 315 B GEPIA [20]. Kaplan-
Meier Plotter [21]/% TIMER [22]%5 7526~ 5 #7081 KA GEPIA 7341 SPP1 51z & A ifi s v (1 R 1A
Z5, JFHE MR AR S R H SR RIEK . RH Kaplan-Meier Plotter 7;#7 SPP1 FRiA 5 fiifiE
B BRI R R, RIAIBIEEREAR SR, H OS BRI N 7 #, R4 7 LA OS fE N4
T, T YA, SPP1 Rk S iR KA 45 R 2 M5 R ARG RIE KT EE N
RIS AEER LD, KH Log-rank &4 LA R A7 22 5, FEFE RS EL(HR) & 95% B 15 X H(CI).
FIF TIMER 43871 SPP1 335 55 i B8 G 12 40 BRI i /K 2 [ A 9% 14, FIFH GEPIA #t— 5174k SPP1 5
G2 FHOCHR G FE DR B AH S o AR 231 R Y A 5G40 AT B Spearman AHIG /34, P < 0.05 AZERAF ST
2.2. lsR SR PE

AR R AR F 58 IR EERE 2021 42 2022 4R [ 205 BRI 12 HH2 52 F ARG T Bl e i e
HLRA 50 9 s Rifes 55 AR MR 2HER 50 B USCBR EE AEe . PRI TR SR . MBS ERRRAES . IKE R
U MERIL. TNM 70 SR 5 52k st e i 0L A5 Im R m BR BTk . T A IR B3 06 S, RTTAR
B AT TROT BB VR TT, HR G I H A i

BE U AR A 2025 4 12 H. B2 E A WGk 5USE R1Y5 A s 199 7 [l 5 07 SRS
EARGHEVI TR A FEIRIRFEA N B O AR JEBAS, BEVTIN R A PR, SET A8 2, OS Bk
AN, IAHE T LA PFS AR N E2EFE VT2 /0, DURBROR JG 52 R B 3F R 1% Ol . Jo ik J& AR A7 31
(progression-free survival, PFS)& XN H A H Ik 2 M &k . P idk e st T i 1]

23. REFHRMGE

KT ML 2L HO)RI SPP1 B A RIE. 2 4495 BE S 7L AR EN eIl R BRI i ks )
Begh R, SRS T4 (immunoreactive score, IRS) RABAT @ BT, BHEGL 98 (0~3 7) X FH
PR LA (0~4 43), PRITPES> AHIRAS B AL 70 (0~12 7). ARHE IRS $F4044 SPP1 Fih 4 MK IA(<4 50)A1
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FIRIE(>4 1)

K PR GAF) WS G takarill SPP1 55 CD206 HFRIE 28] 34 o A LR AR BB R E B, I
FIF Imagel BAFHEAT /€ 40T 43 B E SPP1 ~F-14)%¢ )¢5 & (mean fluorescence intensity, MFI) 2 CD206*
I 4 i 5 5 (cells/mm?),  FF-73 BT =3 2 [A] R AH e

24. G FERZE

AT FERH SPSS 22.0 #ff & GraphPad Prism 9 3347 Gi vt 0 Mr 5 B R 2 . 1F & BERMEHE 4 0
T ILE PSR AE S EAG I AT o0 b, 218 LR A Mann-Whitney U /56 THECPORI DABIEL(H 4 Lh) &R
7N, A SR R ORI EK Fisher B YIMER L. 4470 M1 K Kaplan-Meier %, H KA Log-rank #56
PO a1 22 57 o SR Cox [BIA A BT s TS IAH DGR 3%, AH OS2 TRl Pearson AHOGHE 0 HT. P <0.05
NERER R L.

3. 58
3.1. SPP1 FERH IR P RIXFIE 4T

GEPIA 7T 7R, SPP1 fEELFEM IR TE A (1 Z R H G rh Rk T s JE— B LUK I, SPP1 1E
it A 4L ) mRINA ZR38 7K 52 3 5 1 1B Il 4143 (P < 0.001) (1 1),

SPP1 Expression Level (log2 TPM)

o

........................................................
O T T S

< < S 9 o RN S ® ¢ © © o 8 G
SECEEEEEEEESESEEEEEEEEEEES
FESF2FFEFREFSF2FRFESFEFR2FEESFESFE
- E2E2EEEFRE ZEZFEEZERZ2EERZR 2
CLZLSSBITOASAE5OLZISOG IO
oo“o(ﬁEEwOa‘(ﬂmo(Ewoﬁg’onoE
IJdOEQSITEWIRAE 2030228559058
mmmgzgjoogogomﬁj T£ag* ¥y

IT

393 T
@€ < (&)
%’-’“8 88
o ZZ
-

Figure 1. Expression levels of SPP1 mRNA in various cancer types from the TCGA database
] 1. TCGA #iERE & fE AR SPP1 mRNA FRiAKFE !

Gy B AU LGt g8 IR oR, SPP1 EEE 7 TANMNR, 751l A 4 23 rb (1) Y (i B K% BH P40 Mg Ll
1135y v 19 55 L ZA (14 2) 0 % 50 15 i e 40 23 S Ho0T g 55 2H 233047 SPP1 RIA o3, 25 R o, MR
JEH LT SPP1 KA 28 151(56.0%), Kk 22 11(44.0%); M FEE 5540440 SPP1 m%iA 17 111(34.0%),
RFRIE 33 H11(66.0%). P ZE T BASH24E (P =0.027) (% 1), $#&~ SPP1 7Efili i 42 iR 1A
T S L2

B THC W kB, 4434 SPP1 THC W Em T ddl, ZR A5 %E (P =
0.027) (] 3(A)). fEMEREZHLZF, B TNM 4> BT, SPP1 RIA/KFEF-mi&ss, M~V BEE T
HC W5 T IMLIEE, ZRHEA5%05 8 (P =0.021) (K 3(B)).

VYL RORIMIR AN, A RRIERAL. *P<0.05, **P<0.01, ***P<0.001.
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Figure 2. Representative immunohistochemical staining images of SPP1 in lung adenocar-
cinoma tissues and adjacent non-cancerous tissues. The upper panels show low-magnifica-
tion images (100x%), and the lower panels show high-magnification images (400x)

2. SPP1 FEfBBREAAREFEAPHRRERBACEEESR. EHARER
Elf%(100%), THEASEREE$400x)

Table 1. Comparison of SPP1 protein expression in paracancerous tissues and LUAD tissues
1. EEEAK LUAD HEArh SPP1 ERRIAMIELE ?

s i) SPrl P i
K | n TN N
FRIA i
Jori 55 2L 41 50 17 (34%) 33 (66%) 0.027
LUAD 50 28 (56%) 22 (44%) '
A B
145 P=0.003 144 P=0.021
12 _ 12 _ _
. 10 ~ 10—
S S
&K 8 -_ & 8
g - g 6-
& &=
@ 4 & 4
2- 2
0 ! 0
FEFEHA FRLHLR RSEACI-11) EaEAN-IV)

Figure 3. Comparison of SPP1 immunohistochemical scores in lung adenocarcinoma tissues

3. FhARELELN & SPP1 IELEITES a3

2R 2 K3 L P4 SPP AR 1 1 R IA M R A A i L 2 572
SA: RSN S AL SPP1 A HALIHCO) VP bR S B: AR IL 1, n = 19)5 &2 A~V 1, n = 31l iREEHL H
SPP1 e 4HAL(THCO) VR I bt . 21 8] L5 R Al Mann-Whitney U #6456 o
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itk — 30 B SPP1 ik 5 Il B e R BRAFAE C [RIOC R, SRR TR XS 50 1] £ i PR 9k
AT M. GEREIR, SPP1 KiEHEEMERI(P =0.283). EH(P =0.406). WS (P =0.412). BkE R
(P = 0.945) RAHZAZIL(P = 0.476) Z [MI R WA 2227 . AF TNM 7835 2 8] SPP1 RiA =R B A
Gt R X (P =0.011), HAM~IVHIEH SPP1 =Rk bl & T~ . 1A, SPP1 Rk HibktE4h
Bzl B2 —EEZrEd, BREFGIFEEEP = 0.137), LREERSER, SPP1 RKik /K5l e
B OR(F 2).

Table 2. Relationship between SPP1 expression and clinicopathological characteristics of patients with lung adenocarcinoma

% 2. SPP1 ik ShfifRfE B E IR HRIBFHER X F

SPP1

Il PRI EE S 4 B N - P1E
A IA KRk
451
5 27 17 10
0.283
e 23 11 12
R
<60 % 13 6 7
0.406
>60 % 37 22 15
M s
H 26 16 10
0.412
¥ 24 12 12
TNM 433
I~11 3 31 13 18
0.011
I~1v #H 19 15 4
N 2
H 39 24 15
0.137
¥ 11 4 7
Tk e AL
H 23 13 10
0.945
’ 27 15 12
ML
H 9 6 3
0.476
x 41 22 19

Table 3. Comparison of SPP1 protein expression levels between the progressive group and the non-progressive group

2 3. HRESKIHRELE SPP1 BEAFRIKKTEHLLE

SPP1
P! ) — -
R RFE
HEFE 32 22 (68.8%) 10 (31.3%)
it 18 6 (33.3%) 12 (66.7%)
7 4.168
P1H 0.015
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MRYEBE VTS5, B 50 1 i g 2B 4 et R 232 A A R 118 By, 45 BoR, fEN it
JEZHH SPP1 ik 22 91(68.8%), 1Kk 10 #11(31.3%); 1A E4H SPP1 ik 6 #1(33.3%), 1K#E
15 12 $1(66.7%). Pigl 2 (8] SPP1 FRik/K V2R EAGiH =8 L (* = 4.168, P = 0.015) (3 3).

3.2. SPP1 RiA SRR E £ L4 RAIEX M

VAL SPP1 Ll B E AP S RN R R, T AILHERE, DL OS AL Xt SPP1 A fF AR
WATHIL M, R EIR, SPP1 maRiA 5 iR B B 2 SR AE A A G (P =0.015), #2785 SPP1 I g5 A
RALEERARE 4.

Overall Survival

— Low SPP1 Group
— High SPP1 Group

Logrank p=0.015
HR(high)=1.4
p(HR)=0.016
n(high)=239
n(low)=239

Percent survival

0.0

0 50 100 150 200 250
Months

Figure 4 Relationship between SPP1 expression level and
overall survival of patients with lung adenocarcinoma

4 SPP1 FIAKF SR EEE DAL FHNXR ¢
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Figure 5 Kaplan-Meier survival curves of progression-free survival (PFS) in lung ade-

nocarcinoma patients with different SPP1 expression levels

[E 5 A[E SPP1 FIAKFAfifRfE B & it R4 FHA(PFS)AY Kaplan-Meier 4 7 %%

4T LRRIR SPP1 mRIAH (n = 239), HLRERIR SPP1LKIAH (n =239). FELEERIR 95%EEXN, HR=14, P=0.015,
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NHE— B ARG RREA TR AT IRAE, AR ILGIN 50 Bt e £, DL PFS A2 fiE/T Kaplan-Meier
ST, HRIBE VR A 33.6 A, BEVFRAIRIILAE 32 Bl I Om R R F . 453 EOR, SPPI mERIA
R I AT ok AR AR R 32.40 N H, THRFRIAZN 49.60 N H, miFkIA4 PFS B, HERLSR
TH22 % Y (Log-rank P = 0.116) (/4 5).

FRIE SPP1 KIAIK ¥ B 4 N RIE A (n = 28)FMERIE A (n = 22). BEALARFIRBEVISAI(H), 9
AR RN TG R AR E (%) KA Log-rank R s UM A 472 %, HR = 1.906, 95% CI: 0.95~3.82, P
=0.116-

£ Kaplan-Meier 7} #fr5&4ili b, 3F—5 381 Cox LAl XU [B] V=455 43 Afr 5 i Jifi it e 55 PFS (1AH G [
. EROPTER, TNM 200, RELE#F2 & SPP1 £ik 5 PFS A P<0.05), H I~V . 7F
TEMR 24 T SPP = 30K 3 BB 3t Jee IR B e (6 4).

¥ ER B E X EEPANZHER Cox HIESHTE, X TNM 70155 PFS AHX(HR = 2.805,
95% CI: 1.248~6.301, P =0.013), ] SPP1 FRIAAK LR M7 TN E (P = 0.208) (% 5).

Table 4 Univariate Cox regression analysis of influencing factors for PFS in patients with lung adenocarcinoma

4 fBRAERERE PFS AR RER Cox AN °

Toit R A4 HA(PFS)
A 1% (n) HR 95% CI P{H
MG vs &) 27 vs 23 1.050 0.532~2.075 0.887
(=60 B vs <60 %) 37vs 13 1.039 0.468~2.310 0.925
WAHSE(H vs To) 26 vs 24 1.172 0.593~2.314 0.648
TNM 3 #AII~IV ] vs I~T1) 19 vs 31 3.440 1.670~7.087 0.001
WMELERCE vs ) 39vs 11 2.686 1.010~7.142 0.048
FKEREAECE vs Th) 23 vs 27 0.595 0.296~1.196 0.145
MEEINCE vs ) 9vs 41 0.729 0.301~1.770 0.485
SPP1 Kik(fmRIE vs lLKZL) 28 vs 22 2.785 1.327~5.845 0.007

Table 5 Multivariate Cox regression analysis of influencing factors for PFS in patients with lung adenocarcinoma

%5 MARfZEE PFS A ZMZEE Cox BVASNH

otk JE A7 HI(PFS)
Bl HR 95% CI P
TNM 2 $III~1V ] vs I~I1 1) 2.805 1.248~6.301 0.013
MEEHFCE vs ) 2.705 0.981~7.464 0.055
SPP1 Kik(EHRIE vs LRIE) 1.735 0.736~4.089 0.208

3.3.SPP1 RIASHEFZHNRFR

ERT SPP1 1 i Jl i e 8 S S A B (R AR B L, AR FiBE T TIMER U4 i SPP1 Rik
Ga % AN MLIR T KT 2 [ AR S - 45 R B, 7F LUAD FEAHT, SPP1 1A 5 WG 41 AR 1 5 15 AH % (partial
r=0.292, P <0.001), 5 Mk 4 (partial r = 0.268, P < 0.001) R FEIRZH MR 1 7K 7 2 1EAH % (partial
=0.291,P<0.001), 15 B 4i/fi. CDS'T 4Hfifs & CDAT 4HHuR i A WL B B AH (P > 0.05). 1t4k, SPPI

SHR At (hazard ratio), CI AE. {5 X [H(confidence interval), PFS NTCHEfEALEH.
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FIk 5 R 4l 5 5 D% = —0.123, P = 0.006) (& 6).

DM E R, e RS MR L4, SPP1 Rk 5 AL AN AR AR £ CD86. CD11b &
b8 AF 5% LW 4 O AR 254 CD68 . TL-10 ) R 1EM K. Sk FER, SPP1 5#B84r G 41254 140 CCRS.
TGF-f F TIM-3 7R 2 1EAMZE, 1 5% Th1/Th2 AHhrEYIR W — B S 3GE 6).

B Call ] CDB+ T Call CD4+ T Cell [ Macrophage ] Neutrophil Dendritc Cell ]

partial.cor = 0.023 | patial.cor = 0291
i 56-01 ot (o 5.63e-11
WPioee

o g ogPaftialcor =-0.033 ool
Biy0, % P =475600 5 .

@

SPP1 Expression Level (log2 TPM)
LUAD

. . . . . .
025 05 075 10000 01 02 03 04 0500 02 04 06 00 01 02 03 04 0500 01 02 03 04 00 01 02 03 00 05 1.0
Infiltration Level

Figure 6 Correlation between SPP1 gene expression and infiltration levels of various immune cells in lung adenocarcinoma
(LUAD)

E 6 AhAR SPP1 EERIAS & £ E MR HEK R XM ©

Table 6. Correlation analysis between SPP1 and immune cell marker genes in lung adenocarcinoma

% 6. SPP1 SHfifRFE e R A RAR S EE R M o4 7

B i 2 21 1B
B E)

r P r P1A
AR A CDS86 0.40 <0.001 0.33 0.010
CDI11b 0.33 <0.001 0.09 0.500
R adiili ol CCR7 -0.06 0.190 0.22 0.090
i gg A 5 LI 4 i CD68 0.33 <0.001 0.34 0.009
IL-10 0.26 <0.001 0.27 0.038
Th1 %4 T 41 IFN-y 0.05 0.280 -0.13 0.310
STATI 0.17 <0.001 -0.20 0.130
T-bet -0.08 0.085 -0.01 0.460
TNF-o 0.18 <0.001 0.017 0.900
Th2 %4 T 41 STAT6 -0.16 <0.001 -0.27 0.036
WPE T 4 H(Treg) CCR8 0.15 0.001 0.05 0.710
STATSB -0.07 0.120 —0.34 0.009
TGF-f 0.21 <0.001 0.14 0.310
CTLA4 0.06 0.210 -0.09 0.500
T ZH i FE35 PD-1 0.05 0.320 0.13 0.320
TIM-3 0.40 <0.001 0.40 0.020

3.4. SPP1 ®iZ5 M2 EREMAEE AR X FZ
G e bR e g BB oR, FEMIRE g, SPP1 (4R(1) 5 CD206 (L0 ()] Wik, #h4rX ik

SE AR VR T TIMER ¥4 FE o R F i AH 573 A7 (partial correlation)PFAili SPP1 1k 5 %38 G 40 ML IR I /K~ 2 [|] B AH DG, B B
AHIE RE T X RI P AE

r {3 Spearman FHIE R EL; P <0.05 RN ZE T HAT Guih 2% 5 5o S y2 41 M AH DA 2 38 TR 1% 2 2 BE A STk, AH G4 2347 Spearman
AR AR I o
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Al WAER G (1 7). 3HE— 2B xR 423 b SPP1 98 Y65 5 CD206 B4 i 25 B AT A0 S 20
TR AL 3 NMREFHE T Gieh, JEGIN 150 MRRETY . 457, SPP1 RGHEAE S CD206 FHI4:4H i
JE R IEA C(r = 0.468, P < 0.0001) (5] 8(A)). 4% SPP1 % a5 o A UK AL ET 43 v sy RIS AR Rk
HJ5, mRIAH CD206 PHYEANM % B & TRRIAA, ZERA SR8 (P <0.0001) (4] 8(B)).

A Merge ( SPP1/CD206)

DAPI
Merge ( SPP1/CD206)

DAPI SPP1 CD206

VE: A: SPP1 =3RiA4; B: SPPI fkFiA4l. &F/R SPPl, (AR
CD206, R /NAMMIZ(DAPD . LHENEG B R RIRBOCE, THENE$
BiEE. R KB 100 um, &A% El 20 pm.

Figure 7 Results of immunofluorescence double staining for SPP1 and CD206 in
lung adenocarcinoma tissues

[E 7 FiBgRE2E2E 5 SPP1 5 CD206 B G S AR B L5 R

4
oo
P
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A
r=0.468 *kkk
P <0.0001
_ 150+ . .. n=150 150 I |
<~ 100 . v »m,td S e < . 4
gi( e e ®e . i 100 i I
b5 4
& % 'J:'- 3,
F 50 £ s G
S ]
o ofe
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Figure 8 The correlation between SPP1 expression and CD206" cell density
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