
RAPID COMMUNICATION

SPP1 expression serves as a potential 
peripheral circulating biomarker for lung 
cancer prognostics and

drives tumorigenesis

Secreted phosphoprotein 1 (SPP1, osteopontin) is a 
secreted phosphorylated glycoprotein that participates in 
extracellular signaling, immune regulation, and 
epithelial—mesenchymal transition. 1,2 A recent study 
published in Nature demonstrated that loss of SPP1 led to 
depletion of mesenchymal populations, whereas its over-

expression drove epithelial—mesenchymal transition and 
tumor aggressiveness. Mechanistically, SPP1 regulated 
pancreatic cancer progression through "SPP1—CD61—NF-

κB—BMP2/GREM1—SPP1" feedback circuit; suggesting that 
SPP1 and its associated molecules (CD61, NF-κB) are po-

tential therapeutic target(s). 3

SPP1 was indicated to be involved in lung cancer (LC) 
progression. However, it remains to be investigated whether 
SPP1 levels may serve as a circulating biomarker or affect 
tumor growth. In this study, we integrated multi-omics an-

alyses, functional assays, and animal studies to demonstrate 
that SPP1 expression levels in peripheral blood samples may 
be used as a potential biomarker for LC progression and 
survival, and SPP1 up-regulation drives malignant cell 
transformation and tumor growth. The results are briefly 
described below.

To verify the clinical relevance of SPP1, we first examined 
its expression in seven pairs of LC tissues and thirty plasma 
samples. RNA sequencing and quantitative proteomics 
revealed that both SPP1 RNA and protein expression levels 
were most up-regulated in LC tissues compared with adja-

cent tissues (log 2 FC > 2, p < 0.01; Fig. 1A and B). Plasma 
samples from 30 LC patients and 24 healthy controls were 
analyzed by enzyme-linked immunosorbent assay. Peripheral 
circulating SPP1 concentrations were significantly higher in 
LC patients (p < 0.001), and its levels were strongly

associated with cancer stages from stage I to stage IV 
(Fig. 1C). These findings were validated in different Clinical 
Proteomic Tumor Analysis Consortium (CPTAC) dataset, 
where SPP1 protein abundance was correlated with cancer 
stages (Normal vs. Stage I: p � 4.86 × 10 − 6 ; Stage I vs. Stage 
III: p � 3.48 × 10 − 7 ; Fig. 1D). Kaplan—Meier survival analysis 
showed that high SPP1 levels in LC patients predicted shorter 
overall survival (hazard ratio � 1.5, p � 0.04; Fig. 1E). 
Together, these results demonstrate that SPP1 is closely 
associated with LC progression and patient prognosis. Our 
result is a complement to a recent report that SPP1 
enrichment in mesenchymal-like subpopulations was asso-

ciated with epithelial—mesenchymal transition in pancreatic 
cancer. 3 Notably, we showed that higher circulating SPP1 
levels reflected tumor advanced stages and prognostics, 
highlighting its potential as a new non-invasive biomarker.

Previous studies showed that despite being produced in 
numerous organs, SPP1 was expressed in only a handful of 
cell types at the cellular level. To investigate whether SPP1 
may regulate the transformation of normal cells into cancer 
cells, we used human bronchial epithelial B2B cells by 
chronic low-dose exposure to hexavalent chromium (Cr(VI)) 
for six months to obtain the transformed cells (Cr-T cells) as 
a malignant transformation model 4,5 (Fig. S1A). Quantita-

tive reverse transcription PCR revealed that SPP1 tran-

scripts were up-regulated by 10 5 -fold higher in transformed 
cells compared with B2B cells, and Western blotting 
confirmed much higher protein up-regulation (Fig. S1B and 
S1C), which is consistent with our above result obtained in 
the LC tissue and plasma samples.

Next, we investigated whether SPP1 may be sufficient to 
promote oncogenic phenotype, and showed that normal 
B2B cells treated with exogenous recombinant human SPP1 
(rhSPP1) significantly enhanced cell proliferation and cell 
migration ability (Fig. 1F and G), especially anchorage-Peer review under the responsibility of Chongqing Medical 

University.

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.keaipubl ishing.com/en/ journals /genes-diseases

Genes & Diseases (2026) 13, 101994

https://doi.org/10.1016/j.gendis.2025.101994

2352-3042/ª 2025 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an open access article 
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gendis.2025.101994&domain=pdf
http://www.keaipublishing.com/en/journals/genes-diseases
https://doi.org/10.1016/j.gendis.2025.101994
https://doi.org/10.1016/j.gendis.2025.101994
http://creativecommons.org/licenses/by/4.0/


AGER

CLDN18

CLIC5
WIF1 RTKN2

FAM107A CAV1

IGSF10

CP SPP1

COL10A1

XDHAZGP1 

AFAP1−AS1THBS2

CYP24A1MUC5B
COL11A1

MMP7
HMGB3

5

10

−5 0 5 10
log2(FC)

−l
og

10
(p

Va
l) Significant

Sig_Up 
NoDiff 
Sig_Down

RNA-Seq
A C

-3

-2

-1

0

1

2

3

-3

-2

-1

0

1

2

3 Comparison Statistical significance

Normal-vs-Stage1 4.85688019167705E-06

Normal-vs-Stage2 2.79965360571473E-05

Normal-vs-Stage3 2.47286782442039E-07

Normal-vs-Stage4 NA

Stage1-vs-Stage2 2.113845E-01

Stage1-vs-Stage3 3.483912E-03

Stage1-vs-Stage4 NA

Stage2-vs-Stage3 1.333850E-01

Stage2-vs-Stage4 NA

B

D

E

G H I

J K

L M

0 50 100 150 200 250

0.
0  

0.
2  

0.
4  

0.
6  

0.
8  

1.
0

SPP1

Time (months)

Pr
ob

ab
ilit

y

Number at risk
242 41 9 3 2 0low     
262 31 7 3 1 0high

HR = 1.46 (1.08 − 1.96)
logrank P = 0.012

Expression
low
high

F

0 1 2 3 4 5
0

5

10

15

20
Cr-T

Times(day)

R
el

at
iv

e  
O

D  
Va

lu
e  

(O
D

45
0)

shNC
shSPP1-2
shSPP1-3

****
**

**
**

**

Cr-T shNC

Cr-T shSPP1

log2(FC)

−l
og

10
(p

Va
l)

Significant

Sig_Up 

NoDiff 
Sig_Down 

Proteomics

5

10

−5 0 5 10
0

**

9 14 17 20 22
0

5000

10000

15000
Cr-T

Days after implantation

Tu
m

or  
V

ol
um

es
(m

m
³)

shNC
shSPP1

** **
**

**

shNC shSPP1
0.0

0.5

1.0

1.5

2.0 Cr-T

Tu
m

or  
w

ei
gh

t  (
g)

**

1Ctrl rhSPP 
0

100

200

300

400
B2B

**

C
ol

on
y 

co
un

ts

0 1 2 3 4 5
0

10

20

30
B2B

Ctrl
rhSPP1

**

**

**

Times(day)

R
el

at
iv

e  
O

D  
Va

lu
e  

(O
D

45
0)

Norm
al

Stag
e  I

-II

Stag
e  I

II 

Stag
e  I

V
0.0

0.5

1.0

1.5

2.0

2.5

ELISA assay analysis 
（Plasma Sample）

Q
ua

nt
ita

tiv
e  

le
ve

l  o
f  S

PP
1  

pr
ot

ei
n  

(n
g/

m
L)

(n=24) (n=10) (n=10) (n=10)

✱✱✱✱

✱
ns

sh
NC

sh
SPP1-2

sh
SPP1-3

0.0

0.5

1.0

1.5 Cr-T

R
el

at
iv

e  
co

lo
ny  

fo
rm

at
io

n

****

N

NC shSPP1
0

500

1000

1500

H1975 cells

Q
ua

nt
ita

tiv
e  

le
ve

l  o
f  V

EG
F  

pr
ot

ei
n  

(p
g/

m
L)

✱✱

NC shSPP1
0

100

200

300

400

Cr-T cells

Q
ua

nt
ita

tiv
e  

le
ve

l  o
f  V

EG
F  

pr
ot

ei
n  

(p
g/

m
L)

✱✱✱

O

HUVECs

H1975-shNC H1975-shSPP1

NC shSPP1
0

100

200

300

B
ra

nc
h  

po
in

ts

✱✱ 

NC shSPP1
0

5000

10000

15000

20000

C
ap

ill
ar

y  
le

ng
th  

(μ
m

/fi
el

d) ✱✱✱

Medium from:

Figure 1 SPP1 expression and its role in lung cancer (LC) development and tumor growth. (A, B) RNA-sequencing analysis (A) and

quantitative proteomics (B) showed that SPP1 was up-regulated in LC tissues compared with adjacent non-tumor tissues (n � 7, 

log 2 FC > 1.5). (C) Plasma SPP1 concentrations were measured by enzyme-linked immunosorbent assay (ELISA) in 24 healthy 

subjects and 30 LC patients (stages I—IV). (D) SPP1 protein expression levels were associated with lung adenocarcinoma (CPTAC
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independent growth ability (a hallmark of malignant 
transformation) (Fig. 1H). To test whether SPP1 may be 
required for the proliferation and migration of LC cells, 
SPP1 was knocked down in transformed Cr-T cells 
(Fig. S1D). We showed that SPP1 silencing markedly 
reduced the transformed cell proliferation ability, migra-

tion ability, and anchorage-independent growth ability 
(Fig. 1I—K). We also showed high expression levels of SPP1 
in the human non-small cell lung cancer cell line H1975 
using quantitative reverse transcription PCR and Western 
blotting (Fig. S1E and S1F). Furthermore, SPP1 silencing 
suppressed the H1975 cell proliferation and invasion 
(Fig. S1G—S1I). Additionally, we showed that SPP1 knock-

down inhibited p65 and BMP2 protein expression (Fig. S1J). 
Collectively, these results demonstrate that SPP1 expres-

sion is important in malignant transformation and may 
serve as a circulating biomarker for LC prognostics.

To explore the role of SPP1 in vivo, we conducted an 
animal study by implanting Cr-T cells with stable SPP1 
knockdown (shSPP1) or control shRNA (shNC) into the nude 
mice. SPP1 silencing markedly inhibited tumor growth, 
decreased both tumor volume and weight by approximately 
50% at 28 days post-implantation compared with control 
cells (Fig. 1L). Immunohistochemical staining showed that 
CD31 + and CD34 + microvessel densities were substantially 
lower in shSPP1 tumors (Fig. 1M; Fig. S1K), suggesting that 
SPP1 contributes to angiogenesis within the LC tumor 
microenvironment. In addition, we performed an enzyme-

linked immunosorbent assay and found that the VEGF pro-

tein expression levels were down-regulated in the cell 
culture supernatants of SPP1-knockdown cells (Fig. 1N). 
Additionally, we conducted tube formation assays by 
treating human umbilical vein endothelial cells with 
conditioned medium from SPP1-knockdown cells or control 
cells. Quantitative analysis revealed that human umbilical 
vein endothelial cells treated with conditioned medium 
from the SPP1-knockdown cells inhibited tube formation 
(Fig. 1O). These results indicate that SPP1 not only acti-

vates tumor cells but also regulates the tumor microenvi-

ronment for inducing angiogenesis. Our findings are 
consistent with tumor models such as pancreatic cancer, 
where SPP1 loss suppressed tumor growth and metastasis. 
Our data thus expand the functional role of SPP1 beyond 
mesenchymal maintenance to include tumor growth and 
angiogenesis.

In conclusion, our findings demonstrate that SPP1 
expression is important in malignant transformation, and 
circulating SPP1 levels may be a promising non-invasive 
biomarker for LC progression and prognosis. The stage-

dependent elevation of plasma SPP1 analyzed using 
plasma samples (30 LC patients compared with 24 healthy 
controls) and CPTAC dataset correlation with tumor 
stages, suggests its potential for early detection of LC. Our 
in vitro functional assay and in vivo animal study showed 
that SPP1 depletion inhibited tumor growth and angio-

genesis, suggesting its potential as a new therapeutic 
target that warrants further validation. Additional study 
using diverse LC subtypes, patient-derived xenograft 
models, and combinatorial therapeutic strategies is 
needed to fully evaluate its translational potential as a 
new therapeutic target.
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dataset) stages. (E) Kaplan—Meier plot of the survival probability of LC patients with high or low SPP1 expression levels from the 

TCGA dataset. (F—H) CCK-8 assay (F), Transwell assay (G), and anchorage-independent growth assay (H) were performed using B2B 

cells with exogenous rhSPP1 treatment. (I) CCK-8 assay showed that SPP1 knockdown significantly reduced Cr-T cell proliferation 

rates. (J) Transwell assay indicated lower migration ability in Cr-T cells with SPP1 knockdown. (K) Anchorage-independent growth 

assay was performed using the Cr-T cells with SPP1 knockdown. (L) Xenograft tumor growth rates in nude mice were analyzed 

through subcutaneous injection of Cr-T shNC (control, n � 6) or Cr-T shSPP1 (SPP1 knockdown, n � 6) cells. Tumor volumes were 

monitored at various time periods, and final tumor weights were recorded and analyzed. (M) Immunohistochemical staining of CD31 

and CD34 in xenograft tumors showed significantly lower microvessel densities in the shSPP1 group (scale bar � 50 μm). (N) ELISA 

measured the levels of VEGF in LC cell culture supernatants. (O) Tube formation assay using human umbilical vein endothelial cells 

(HUVECs) treated with conditioned medium from SPP1-manipulated cells. ns. not significant; *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, 

and ****p ≤ 0.0001 by t-test.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at 
https://doi.org/10.1016/j.gendis.2025.101994.

References

1. Lang F, Li Y, Yao R, Jiang M. Osteopontin in chronic inflammatory 

diseases: mechanisms, biomarker potential, and therapeutic 
strategies. Biology. 2025;14(4):428.

2. Liu C, Xia S, Wang B, et al. Osteopontin promotes tumor 

microenvironment remodeling and therapy resistance. Cancer 

Lett. 2025;617:217618.

3. Li H, Lan L, Chen H, et al. SPP1 is required for maintaining 

mesenchymal cell fate in pancreatic cancer. Nature. 2025; 

648(8092):203—209.

4. Xie YX, Wang L, Zhou ZH, et al. m 6 A RNA methyltransferase 
METTL16 induces Cr(VI) carcinogenesis and lung cancer devel-

opment through glutamine biosynthesis and GLUL expression. J 

Hazard Mater. 2024;480:136093.

5. Zhang RK, Li Y, Sun FL, et al. RNA methyltransferase NSUN2-

mediated m5C methylation promotes Cr(VI)-induced malignant

transformation and lung cancer by accelerating metabolism 
reprogramming. Environ Int. 2024;192:109055.

Xu-Ran Zhang a,b,d , Fan-Li Sun c,d , Bing Wei a,b , Bing-

Hua Jiang a,c,* 

a The Affiliated Cancer Hospital of Zhengzhou University & 
Henan Cancer Hospital, Zhengzhou, Henan 450008, China 

b Henan Key Laboratory of Molecular Pathology, 
Zhengzhou, Henan 450008, China 

c The Third Affiliated Hospital of Zhengzhou University, 
Zhengzhou, Henan 450001, China

*Corresponding author. The Affiliated Cancer Hospital of 
Zhengzhou University & Henan Cancer Hospital, Zhengz-

hou, Henan 450008, China. 
E-mail addresses: zhangxuran2024@163.com (X.-R. Zhang), 
sflsfl00@126.com (F.-L. Sun), zlyyweibing0629@zzu.edu.cn 

(B. Wei), binghjiang@zzu.edu.cn (B.-H. Jiang) 
10 November 2025 

Available online 23 December 2025

d Those authors contributed equally.

4 Rapid Communication

https://doi.org/10.1016/j.gendis.2025.101994
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref1
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref1
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref1
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref2
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref2
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref2
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref3
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref3
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref3
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref4
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref4
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref4
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref4
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref5
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref5
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref5
http://refhub.elsevier.com/S2352-3042(25)00483-0/sref5

	SPP1 expression serves as a potential peripheral circulating biomarker for lung cancer prognostics and drives tumorigenesis
	CRediT authorship contribution statement
	Ethics declaration
	FundingThis work was supported in part by the National Natural Science Foundation of China (No. 82073393).
	Conflict of interests
	Funding
	Appendix A. Supplementary data
	References


