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CD209 signaling pathway as a biomarker for ®
cisplatin chemotherapy response in small

cell lung cancer

One of the bottlenecks in the clinical treatment of small
cell lung cancer (SCLC) is its susceptibility to multidrug
resistance. While SCLC is sensitive to platinum-based
chemotherapy at the initial stage of treatment, it can
rapidly become drug-resistant, allowing tumor growth to
accelerate. A significant decrease in drug sensitivity after
recurrence and multidrug resistance can seriously inter-
fere with the effectiveness of treatment, making sensi-
tivity maintenance one of the urgent challenges to be
solved. Therefore, discovering prognostic markers for
cisplatin chemotherapy and understanding the mecha-
nisms of cisplatin resistance have great practical signifi-
cance for improving the outcomes of SCLC patients.
CD209, also known as DC-SIGN, belongs to the C-type lectin
superfamily and is mainly expressed in dendritic cells. In
the past few years, growing evidence has shown that
CD209 can also combine with Lewis antigens (which are
highly expressed in cancer) and promote the process of T-
cell presentation, thus initiating a series of immune cas-
cades.” Damaging this process, which thus helps tumors
evade the immune response, may be one of the possible
mechanisms of chemotherapy resistance. However, con-
troversy has been raised about the role of the CD209
signaling pathway in different types of cancer. In lung
cancer, increased expression of CD209 is associated with
better survival, while in colorectal cancer, the opposite
trend is observed, with CD209 promoting cancer progres-
sion.”? In this study, we explored the relationships be-
tween the activation of the CD209 signaling pathway with
the efficacy of cisplatin and prognosis in SCLC patients.
To investigate the activation state of the CD209 signaling
pathway, we first obtained the gene set of the CD209
signaling pathway from the Molecular Signatures Database
(MSigDB) (Table S1). Single-sample gene set enrichment
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analysis (ssGSEA) was then performed on the RNA-seq data
of 45 SCLC patients (the Local-SCLC cohort) who were
treated with cisplatin-based chemotherapy at Zhujiang
Hospital of Southern Medical University during the period
2017—2020. This study was approved by the Research Ethics
Committee of Zhujiang Hospital of Southern Medical Uni-
versity, with all participants providing written informed
consent. A validation cohort was obtained from a study by
George J et al® that provided detailed clinical information
for 68 SCLC patients receiving platinum-based chemo-
therapy (George-SCLC cohort). The clinical information of
patients from the two cohorts is shown in Table S2 and 3.
According to the median ssGSEA scores of the CD209
signaling pathway, the patients were divided into the
CD209-High group and the CD209-Low group, representing
different activation states of the CD209 signaling pathway.
In the Local-SCLC cohort, univariate Cox regression analysis
showed that up-regulation of the CD209 signaling pathway
was associated with longer overall survival (0S) (Fig. 1A).
Multivariate Cox analysis revealed that activation of the
CD209 signaling pathway was an independent predictor of
prognosis. Similarly, a consistent trend was observed in the
George-SCLC cohort (Fig. S1). These findings were validated
by Kaplan—Meier survival analysis, revealing that up-regu-
lation of the CD209 signaling pathway was associated with
longer OS following chemotherapy (Fig. 1B; Fig. S2).

We next explored the relationship between the status of
the CD209 signaling pathway and cisplatin sensitivity using
the pRRophetic algorithm. The chemotherapeutic response
prediction results showed that the predicted half-maximal
inhibitory concentration (ICsg) values for cisplatin were
significantly lower in the George-SCLC cohort CD209-High
group than in the CD209-Low group, suggesting that the
activation of the CD209 signaling pathway is related to
cisplatin chemosensitivity (Fig. 1C).

Our data demonstrated that the activated CD209
signaling pathway promotes the effectiveness of SCLC

2352-3042/© 2023 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://crossmark.crossref.org/dialog/?doi=10.1016/j.gendis.2023.06.011&domain=pdf
www.sciencedirect.com/science/journal/23523042
http://www.keaipublishing.com/en/journals/genes-diseases
https://doi.org/10.1016/j.gendis.2023.06.011
https://doi.org/10.1016/j.gendis.2023.06.011
http://creativecommons.org/licenses/by/4.0/

A

Vae, o a s me R (OOWCH PYAIG s s s
Univariable Cox (Local-SCLC)[OS]
CD209 DC SIGN SIGNALING (High vs Low) 0.310 0.105-0.918 3.45e-02 ——p
Gender (Male vs Female) 1.420 0.410-4.916 5.80e-01 —f—
Smoking (Smoker vs Non-Smoker) 2.393 0.549-10.423 2.45e-01 ———
TMB 0.998 0.988- 1.009 7.74e-01
Multivariable Cox (Local-SCLC)[OS]
CD209 DC SIGN SIGNALING (High vs Low) 0.264 0.078-0.895 3.26e-02 ——f
Gender (Male vs Female) 0.598 0.102- 3.498 5.68e-01 [
Smoking (Smoker vs Non—Smoker) 4.079 0.503-33.063 1.88e-01 —t——
TMB 1.002 0.990- 1.014 7.87e-01
T ™ TT
-7 101 2
logz HR
D 8] p=0.0288 E p=0.0016
o 4] o
6
) & 2
pu]
2 B
1 9
% 9 :
$3' ] £171
Q <o
oo £o
L= T
& L
¢ M 7
2] T o
o
0 0
1 1 1 1
CD209-High  CD209-Low CD209-High ~ CD209-Low
H p =0.0228 I 0.03- p=0.0350
°
°
0.09
3 g 0.02-]
X Eo
<o o]
s2 3
53 0.06 S0
o I
55 Qs
L] ° o2
£8 23
s~ Y
é :I 0.01
0.03
0.00 0.00

CD209-High CD209-Low

CD209 DC SIGN SIGNALING

CD209-High versus CD209-Low

CD209-High CD209-Low

Letter
B CD209 Signaling Pathway
1.00 == CD209-Low (23) 7 p =0.0382
€D209-High (22) .
S
8 o
g 0.75 ? 6]
1 [}
- i
© o
8 3
< 0.50 [}
L £ 5
2 1 g
4 I 2
8 0.25 | 8
| p=0.0269 54
Hazard Ratio = 0.34 8
0.00 ! 95% C: 0.14 - 0.86 2
0 25 50 75 100 g 3
Time (Month) 2
w
Number at risk
. 23 12 3 0 0 2
22 13 7 3 1 r -
CD209-High CD209-Low
F p = 0.0344 G 5] p<0.0001
6
il
[o2] ] -
a =
s <
S0 4 So 3
7 T
g3 g3
e G 5
o o~
g, 2
14
0 0
T T T T
CD209-High ~ CD209-Low CD209-High  CD209-Low
CD209 DC SIGN SIGNALING
J  CD209-High versus CD209-Low
pvalue NES
=== p38MAPK cascade (Local-SCLC)  0.045 1.681
0.64
<4
I}
O
D 0.4
=
[}
£
S
‘€ 0.21
w
0.0 NN
10000 20000 30000

Rank in Ordered Dataset

REACTOME CD209 DC SIGN SIGNALING # High (22) #8 Low (23)

Skkk dkdkk dkkd kkkok dkokk  dkkk ke

ek

ETLEY
o.o-b@m £o 02
8o
<9
Q e
S -0.14 és
O . 2- 01
»n
E L]
g -0.21 0.0 .
s
& -0.34 -04 .
cr-_ss LN N\e Res ADE ANCER. (ORK ¥
-0 4_— ABC_—family proteins pvalue NES pos\“ ?o N.‘:ET\KAng\BS %‘\“\T\;‘&che w";‘, P%:‘_‘\;\" ‘(‘af NE'N‘ pCT
. mediated transport (George-SCL  0.007  -1.538 \::\"E 51\\}%‘::\:%‘;:2 \1\‘?2€NEAE:~‘\Es\eNARAoN“‘\’E“\BRM
We OX “ EGA 05\1 08\
4000 8000 12000 16000 335“ m\O GoN=egor AcTOM Gocc
Rank in Ordered Dataset o NEGA™ re
Figure 1  Value of the CD209 signaling pathway for predicting prognosis and cisplatin sensitivity in SCLC. (A) Univariate and

multivariate Cox regression analyses showed that activation of the CD209 signaling pathway was associated with longer OS in the
Local-SCLC cohort. (B) Kaplan—Meier survival analysis was performed to assess the relationship between the CD209 signaling
pathway activation state and OS in patients in the Local-SCLC cohort. The patients were divided into two subgroups according to
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cisplatin chemotherapy. To further delve into the mecha-
nisms of the contribution of the CD209 signaling pathway in
SCLC, we analyzed immune-related molecule expression
and immune cell infiltration between the CD209-High and
CD209-Low groups (Table S4). In both the Local-SCLC and
George-SCLC cohorts, CXCL9, HAVCR2, MMP9, and ICAM1
expression levels were significantly up-regulated in the
CD209-High group (Fig. 1D—G; Fig. S3). This observation was
consistent with that of previous studies.” In addition, we
evaluated the effect of the activation state of the CD209
signaling pathway on the tumor immune microenvironment
through a variety of immune infiltration algorithms. The
xCell score showed that M1 macrophages were up-regulated
in the CD209-High group of both cohorts (Fig. 1H; Fig. S4).
In the George-SCLC cohort, the absolute fraction of CD8" T
cells, calculated by quanTlseq, was significantly higher in
the CD209-High group than in the CD209-Low group, indi-
cating that the infiltration of CD8" T cells in the activated
CD209 signaling pathway was increased (Fig. 11). The
neutrophil infiltration level was further calculated using the
principal component analysis (PCA) algorithm provided in
the 10BR package. The neutrophil infiltration score of the
CD209-High group was significantly higher than that of the
CD209-Low group in both cohorts, suggesting that activa-
tion of the CD209 signaling pathway is associated with
increased neutrophil infiltration (Fig. S4). Consistent with
the quanTlseq results, the PCA algorithm also indicated
increased infiltration of CD8" T cells in the CD209-High
group (Fig. S5).

Finally, we performed gene set enrichment analysis
(GSEA) and ssGSEA on the expression data to further
assess the effect of the CD209 signaling pathway on the
regulation of various biologically relevant gene sets/
signaling pathways (detailed gene sets are summarized in
Table S5). The results showed that pathways related to
apoptosis, drug absorption, and DNA damage repair were
significantly enriched. We found that the p38MAPK
cascade was significantly up-regulated in the CD209-High
group of both cohorts (Fig. 1J; Fig. S6). In contrast, ABC
family protein-mediated transport, DNA repair, and
regulation of DNA repair were down-regulated in the
CD209-High group (Fig. 1K; Fig. S7, 8). Of these, the first
two pathways mentioned above were statistically signifi-
cant for only the George-SCLC cohort, whereas regulation

of DNA repair was significantly enriched in only the Local-
SCLC cohort. We performed ssGSEA to further confirm the
pathway enrichment results following GSEA. The resulting
ssGSEA scores showed that multiple signaling pathways
involving reactive oxygen species, negative regulation of
NF-«B, inhibition of autophagy, cell cycle arrest,
P38MAPK, EGFR, and negative regulation of PI3K/AKT
were significantly up-regulated in the CD209-High group.
These results were statistically significant in both the
Local-SCLC and George-SCLC cohorts, whereas the copper
ion transporter was up-regulated in only the CD209-High
group of the Local-SCLC cohort (Fig. 1L; Fig. S9). This
finding was consistent with previous reports® and indi-
cated that the inhibition of autophagy and DNA damage
repair, coupled with the promotion of cell cycle arrest,
may help improve the efficacy of cisplatin chemotherapy.

Taken together, our results suggest that the activation of
the CD209 signaling pathway is associated with better OS
and chemosensitivity in SCLC patients receiving cisplatin
chemotherapy. Inhibition of this signaling pathway can
affect the expression of immune-related molecules, alter
the infiltration levels of immune cells, and regulate multi-
ple related pathways. Possible mechanisms by which the
down-regulation of the CD209 signaling pathway promotes
chemoresistance may include tumor immune microenvi-
ronment, drug metabolism, apoptosis, autophagy, cell
cycle arrest, and DNA damage repair. Due to the lack of
adequate functional assays, more in vitro or in vivo ex-
periments should be performed in the future to validate
these findings and further investigate the pathway
mechanisms.
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the median ssGSEA scores of the CD209 signaling pathway. The p value was calculated by the log-rank test. (C) Cisplatin sensitivity
prediction analysis was performed for different CD209 signaling pathway activation states in patients from the George-SCLC cohort.
(D—G) Comparison of immune-related molecules between groups with different CD209 signaling pathway activation states in Local-
SCLC, in order of CXCL9, HAVCR2, MMP9, and ICAM1. (H) The violin plot shows the immune infiltration levels of M1 macrophages in
the Local-SCLC cohort with different CD209 signaling pathway activation states. (I) The absolute fraction of CD8 T cells, calcu-
lated by quanTlseq, was significantly higher in the CD209-High group. P values were calculated by the Wilcoxon rank-sum test. (J)
GSEA plot shows the p38MAPK cascade pathway enrichment results in the Local-SCLC cohort. (K) GSEA plot shows the ABC family
protein-mediated transport pathway enrichment results in the George-SCLC cohort. (L) ssGSEA enrichment results for multiple
representative pathways from the Local-SCLC cohort are shown. The asterisks indicate differences in pathway enrichment between
different CD209 signaling pathway activation states, which were detected using the Mann—Whitney U test. ****P < 0.0001,
**P < 0.001, **P < 0.01, *P < 0.05. Cl, confidence interval; GSEA, gene set enrichment analysis; HR, hazard ratio; ICs, half-maximal
inhibitory concentration; OS, overall survival; SCLC, small cell lung cancer; ssGSEA, single-sample gene set enrichment analysis.
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