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Promising prognostic value of ATP binding
cassette transporters and their correlation

Check for
updates

with tumor-infiltrating immune cells in

lung adenocarcinoma

Lung cancer (LC) is a prevalent and fatal malignancy, with
high incidence and mortality rates.” ATP binding cassette
(ABC) transporters, a superfamily of integral membrane
proteins, use ATP hydrolysis to facilitate substrate trans-
port across cellular membranes.? The pivotal role of ABC
transporters in tumorigenesis was initially established by
Mochida,® who demonstrated that the loss of ABCB1 sup-
presses intestinal polyp formation and tumor progression in
mice. Recent investigations have reported correlations
between ABC transporters and the tumor microenviron-
ment and cancer immunotherapy response, suggesting
their modulatory effects on tumor progression and immu-
notherapy.”> However, at present, there is a lack of
comprehensive and complete analytical studies on the
expression, prognosis, and immune status of all genes in
the ABC transporter family. In this study, we utilized public
databases, coupled with quantitative real-time PCR and
immunohistochemistry verification in lung adenocarcinoma
(LUAD) cell lines and tissue specimens, to identify the
consistent expression of ABC transporters and PD-L1 at
both mRNA and protein levels. Our findings provide novel
insights into potential therapeutic targets and prognostic
biomarkers for LUAD.

In order to investigate the differential expression of ABC
transporters comprehensively and systematically in LUAD,
RNA-seq data from Oncomine databases were utilized to
analyze the differential mRNA expression of ABCs (Fig. 1A;
Fig. S1A—C). Compared with adjacent non-cancerous tis-
sues, 20 of the 43 genes (45%) in the ABC gene family
showed high expression in cancer tissues, and 6 genes (7%,
6/43) displayed low expression.
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Using the GEPIA 2 platform, our analysis unveiled a sig-
nificant correlation between the expression levels of
ABCA5, ABCA8, ABCA10, ABCC2, ABCC4, ABCC6, ABCC12,
ABCE1, and ABCF2, and pathological stage (Fig. 1B; Fig. 52).
Furthermore, our prognosis analyses indicated that
elevated levels of ABCB1, ABCB10, and ABCG1 were notably
linked with poor disease-free survival (Fig. 1C; Fig. S3),
while elevated levels of ABCA3, ABCC8, ABCC11, ABCC12,
ABCD2, and ABCE1 were notably linked with poor overall
survival (Fig. 1D; Fig. S4).

Using the cBioPortal, our investigation uncovered
remarkable alterations in ABC transporters among 92% of
503 LUAD patients. Notably, the mutation rate of ABCB1
was found to be as high as 21% for these patients. Enhanced
mRNA expression and amplification were the most observed
changes in these samples (Fig. 1E).

To investigate the protein interaction network, gene
family function, and transcriptional regulatory mechanisms
involved in ABC transporters, we have refined our study as
follows. Using the STRING database (Fig. 1F), we generated
a protein—protein interaction network of ABC transporters
and computationally analyzed potential functional associ-
ations with APOAT1, EIF3J, SLC9A3R1, KCNJ11, and ETF1. An
analysis of Gene Ontology enrichment and KEGG pathway
analyses was carried out to investigate ABC transporters,
and the top terms are presented (Fig. S5). Potential tran-
scription factor targeting ABC transporters was predicted
with TRRUST v2. Eighteen distinct transcription factors are
involved in regulating ABC transporters (Fig. 1G).

We analyzed the correlation between ABC expression
and various tumor-infiltrating immune cells using the
TIMER online tool. Our analysis highlighted positive and
negative correlations between ABC transporter expression
and immune cell infiltration. For example, the expression
of ABCB1, ABCB2, and ABCB3 showed a positive

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.2023.101099&domain=pdf
www.sciencedirect.com/science/journal/23523042
http://www.keaipublishing.com/en/journals/genes-diseases
https://doi.org/10.1016/j.gendis.2023.101099
https://doi.org/10.1016/j.gendis.2023.101099
http://creativecommons.org/licenses/by/4.0/

Rapid Communication

A B
e g ot ity
| { : | [y ‘
I i | b = i)
F‘J - - K + - j.| — -
—_— |
W L] L L -
u ol | =
N | 1] - [ '
- == | .  =m —
E F G
a1
e |
(BN N
Ll N
CAESETRS S ] o}
el KeyTF  Regualted gene Pvalue FDR
—_——— NR1H3  ABCA1LABCG1,ABCG4 1.54E-07 2.77E-06
[T R NR5A2  ABCB11,ABCGS5ABCGS 3.34E-06 3.01E
e NRIH4  ABCB4,ABCBI11,ABCC4 L71E-05 6,15
1]'"“ . L '"“‘ - ‘I' 1! I‘u RXRA  ABCA1,ABCB11,ABCC3 1.71E-05 6.15E-05
T I T R SREBF2 ABCA1,ABCG5ABCGS 1.71E-05 6.15E-05
e s RELA  ABCA1,ABCB1.TAP1 TAP2,CFTR,ABCG2 0.000109 0.000291
B —— — NFKBI ABCA1,ABCB1,TAP1,TAP2,CFTR ABCG2 0.000113 0.000291
I it IE I SP1 ABCAIABCB1.ABCBS ABCCI ABCC3,CFTRABCG2  0.000177 0.000399
e e e e HNF4A  ABCC6,ABCG5,ABCGS 0.000203 0.000407
— — — FOXA2 ABCAICFTR 0000945 0.0017
- E—— 1 FOXA1 ABCALCFTR 000129 0.00211
e —— SOX2  ABCC3ABCC6 000142 0.00213
R TR G (e 1l CDX2  ABCBI,CFTR 0.00299  0.00415
i Pme vm W Fmi;
e e MYCN  ABCB1,ABCCI 000585 0.00752
I ‘1II|I H‘l[“\‘ QIR LTI I ) ‘1 e usE2 ARCALE 000637 0.00764
e TR T IRFI  ABCAIABCBI,TAP1,TAP2,CFTR,ABCG2 000746 0.0084
i - e STAT1  TAP1,CFTR 00193 0.0205
o —————— SP3 ABCAI,CFTR 00335 0.0335
o STt B g
o m TR B (Y] i I 1
ascor D L LNTS T R i T M L
ocn I L U i I
o i} BN o 1 1 [
ascrz o D i F Il i I
acr o Eanpymmng g by
ancor o (R R M 1 L ¢
ascor NN v 1 number of nodes: 52 edges: 14
[ [ AT T— ] i number of edges: 238 PPl enrichment pvalue: < 1.0e-16
— S EHI IR i average node degree: 9.15
o r— avg. local clustering coefficient: 0.471
[resivesaes sy s Aoy T
H J K
P1 P2
15; *
PoL1
o 10
Q
' a
g
E
ABCB2
ABCB2 PDL1

Figure 1

The ABC transporters’ expression, prognostic value, and impact on PD-L1 expression in lung adenocarcinoma (LUAD).

(A) Bioinformatic analysis showed the mRNA expression of ABCs in LUAD (cancer vs. paired para-cancer tissue). (B) The expression
of ABCs at different clinical stages in patients with LUAD. (C, D) Prognostic value of ABC transporters. OS and DFS were plotted as
Kaplan—Meier curves. *P < 0.05. (E) Genetic and epigenetic alterations of ABC transporters in LUAD. (F) Protein interactions
analyzed on the STRING website. The line indicates the predicted mode of molecular action. (G) Key transcriptional factors tar-
geting ABCs. (H) Spearman correlation analysis of ABCs and PD-L1 according to the TIMER2.0 platform. (I) The altered expression of
PD-L1 upon ABC knockdown. *P < 0.05. (J) Representative images of immunohistochemistry staining for PD-L1 and ABCB2 in LUAD
tissues. Scale bars, 100 um. (K) The relationship between PD-L1 and ABCB2 at the protein level. The Spearman analysis showed an
immunohistochemistry score correlation between PD-L1 and ABCB2 (R = 0.439, P = 0.015).

correlation with CD8" T cell and CD4" T cell infiltration,
while ABCB6 showed a negative correlation with CD8" T
cell infiltration.

We identified obvious expression correlation between
CD274 and ABCA1 (R = 0.539, P = 3.83e-40), ABCB2
(R = 0.63, P = 3.13e-58), ABCB3 (R = 0.648, P = 1.43e-
62), and ABCD2 (R = 0.54, P = 2.63e-40) (Fig. 1H; Fig. S7).
To validate the predicted results, we generated siRNAs
targeting these ABCs and investigated their impact on PD-L1
expression. Our results demonstrated that mRNA expression

of PD-L1 was significantly reduced following the knockdown
of ABCA1, ABCB2, ABCB3, and ABCD2 (Fig. 1l). Subse-
quently, we conducted immunohistochemistry analysis to
examine the protein expression in 30 LUAD cases (Table
S1—4). ABCB2 was identified as the sole gene that exhibits
expression correlation with PD-L1 at both mRNA and protein
levels (Fig. 1J, K; Fig. S8A, B).

In our investigation, we explored the expression and
mutations of ABC transporters in LUAD, as well as their
potential associations with immune cell infiltration and PD-
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L1 expression. Interestingly, we observed a consistent
correlation between ABCB2 and PD-L1 expression at both
mRNA and protein levels, which could have promising im-
plications for future anticancer treatments.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
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References

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA A Cancer J Clin. 2021;71(3):
209—249.

2. Rosner J, Merzendorfer H. Transcriptional plasticity of different

ABC transporter genes from Tribolium castaneum contributes to
diflubenzuron resistance. Insect Biochem Mol Biol. 2020;116:
103282.

3. Mochida Y, Taguchi KI, Taniguchi S, et al. The role of P-glyco-
protein in intestinal tumorigenesis: disruption of mdria sup-
presses polyp formation in Apc™"™*+ mice. Carcinogenesis. 2003;
24(7):1219—1224.

4. Kotlyarov S, Kotlyarova A. Clinical significance of lipid transport

function of ABC transporters in the innate immune system.
Membranes. 2022;12(11):1083.

5. Liu X. ABC family transporters. Adv Exp Med Biol. 2019;1141:
13-100.

Linzi Wei ', Qian Yu ', Xueying Yang *

Department of Thoracic Surgery, The Fourth Affiliated
Hospital of China Medical University, Shenyang, Liaoning
110032, China

*Corresponding author.

E-mail address: yangxueying@cmu.edu.cn (X. Yang)
16 May 2023

Available online 14 September 2023

" These authors contributed equally to this work.


https://doi.org/10.1016/j.gendis.2023.101099
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref1
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref1
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref1
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref1
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref1
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref2
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref2
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref2
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref2
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref3
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref3
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref3
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref3
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref3
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref3
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref4
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref4
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref4
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref5
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref5
http://refhub.elsevier.com/S2352-3042(23)00382-3/sref5

	Promising prognostic value of ATP binding cassette transporters and their correlation with tumor-infiltrating immune cells  ...
	Ethics declaration
	Conflict of interests
	Funding
	Appendix A. Supplementary data
	References


