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Abstract

Background The prognostic value of cellular retinoic acid-binding protein 2 (CRABP2), in lung cancer patients
remains to be uncertained. Therefore, our research attempted to assess the relationship between CRABP2 and survival

analysis in lung cancer patients through meta-analysis.

Method Related literature retrieved from Cochrane Library, Ovid, Embase, PubMed, the CNKI, and the Web of Sci-
ence. The latest update of the search was May 1, 2023. The outcome indicators included as effective measures
in the study were hazard ratio (HR), and 95% confidence interval (Cl). The Stata 12.0 software was used to analyze

the data.

Results A total of4 studies were finally enrolled in our meta-analysis. The increased plasma level of CRABP2 predicted
poor OS in lung cancer patient with a combined HR of 1.14 (95% Cl: 1.00-1.30), and were not associated with poor
PFS with combined HR: 1.15% Cl: 0.63-2.09) in lung cancer patients.

Conclusions Our meta-analysis found the increased plasma level of CRABP2 was associated with poor OS indepen-
dently in NSCLC patients. The plasma CRABP2 level may be an indicator of biological aggressiveness of the tumor.
Our research was promising regarding the feasibility and utility of plasma CRABP2 as a novel prognostic biomarker

in NSCLC, and the findings warrant further investigation.
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Introduction

Lung cancer is the leading cause of cancer related deaths
worldwide, which has posed a serious threat to the health
and lives of people across the world [1]. According to
histological subgroups, lung cancer is divided into two
large categories: non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC), with NSCLC contributing
to around 85% of all cases [2]. Despite recent advances in
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diagnostic and therapeutic procedures, including devel-
opment of computed tomography—based screening to
detect lung cancer early, molecular-targeted therapy
and immunotherapy in the advanced lung cancer treat-
ment, The prognosis of lung cancer patients remains
poor, with a 5-year overall survival rate of 16% [3-5].
Research efforts have focused on identifying new bio-
markers and molecular pathways that influence NSCLC
progression. The recent discovery of CRABP2 and the
exploration of the associated mechanisms have resulted
in great advances in the area of lung cancer [6, 7]. Studies
have shown plasma CRABP2 levels might be a novel and
promising prognostic marker in NSCLC.

Retinoic acid (RA) is the most active metabolite of
vitamin A and could influence the proliferation, differen-
tiation, and apoptosis of normal and tumor cells [8, 9]. A
particular carrier for RA is cellular retinoic acid-binding
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protein 2 (CRABP2), a small cytosolic protein from the
family of intracellular lipid-binding proteins [10]. By
transiting RA to the nucleus and interacting with the
nuclear retinoic acid receptor (RAR), CRABP2 activates
RA’s transcriptional regulatory function and has the
biological effects of controlling cell proliferation, death,
and metastasis [11-13]. Some studies revealed aberrant
CRABP expression in human cancers, which can be asso-
ciated with clinicopathological characteristics and clini-
cal prognosis. Thus, the decrease of CRABP2 expression
was significantly associated with the presence of distant
lymph node metastases in esophageal squamous cell car-
cinoma [14]. In addition, hypermethylation of CRABP2
promoter had an unfavorable prognostic value for hepa-
tocellular carcinoma patients [11]. Conversely, Studies
have reported that the absence of CRABP2 protein was
associated with poor prognosis for head and neck squa-
mous cell carcinoma patients [15]. On the other hand,
the increase of CRABP2 expression was observed in later
stages of human breast cancer [16]. Furthermore, in non-
small cell lung cancer, kidney cancer, and glioma, ele-
vated expression of CRABP2 was substantially related to
a poor tumor prognosis [6, 17, 18]. These results indicate
that CRABP2 may be involved in tumor growth and have
controversial functions in various tumor types. The prog-
nostic value of CRABP2 in lung cancer patients is still
unknown. As a result, we intend to conduct a meta-anal-
ysis to comprehensively and systematically understand
the prognostic value of CRABP2 in lung cancer patients.

This study investigated the prognostic role of CRABP2
in lung cancer from the perspective of 2 survival indica-
tors: OS and PES. OS refers to the time from the begin-
ning of the study until to death (due to any reason). PFS
refers to the time from the beginning of the study until
to the progression of the disease (due to any reason).
Currently, only a few studies are available on the role of
CRABP2 in lung cancer. The findings from these studies
were taken into consideration in order to outline the cri-
teria for exploration and explanation of the connection
between CRABP2 and its prognostic value in lung cancer
patients. The present study was conducted to assess the
prognostic value of CRABP2 in lung cancer.

Material and methods

Search strategy

The following databases were searched for the retrieval of
relevant data: Cochrane Library, Embase, PubMed, and
the Web of Science. The latest update of the search was
May 1, 2023. The key terms used in the searches included
“CRABP2” (e.g., “cellular retinoic acid-binding protein
2”); “Cellular Retinoic Acid-binding Protein 2”7 (e.g.,
“Crabp2”); and “lung cancer”[e.g., “lung neoplasm’, “lung
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carcinoma’;non-small cell lung cancer (NSCLC)’‘small
cell lung cancer (SCLC)”].

Inclusion and exclusion criteria

Inclusion criteria for selecting the studies for this meta
analysis were as follows criteria: (1) studied patients with
lung cancer were pathological examination confirmed;
(2) the connection of CRABP2 with OS and/or progres-
sion-free survival (PFS) was reported. The exclusion cri-
teria included letters, abstracts, reviews, case reports or
basic studies; research reports of studies in languages
other than Chinese and English; studies lacking data on
assessing hazard ratio (HR), and 95% confidence interval
(CI); and studies had duplicated data or analysis.

Data extraction and quality assessment

Two investigators (Guang Yang and Wenhao Wang) were
involved in collecting the data. They independently pro-
cured the data from the available studies. In case where
the retrieved studies could not be classified by title and
abstract, the full text was reviewed. If disagreement
appeared, two investigators discussed and reached con-
sensus with a third investigator (Siwei Xu). During the
data review process, details with respect to the follow-
ing points were recorded: first author; year of publica-
tion; nationality; type of cancer; plasma level of CRABP2
expression; sample size; outcome indicators; HRs with
95% Cls. The Newcastle-Ottawa Scale (NOS) was used
to assess each of the included studies quality by two inde-
pendent authors (Guang Yang and Wenhao Wang). The
NOS consists of three parts: selection (0-4points), com-
parability (0-2 points), and outcome assessment (0-3
points).The studies with NOS scores of > 6 were regarded
as high-quality studies and eventually were enrolled into
our meta-analysis.

Statistical analysis

All statistical analyses were conducted using Review
Manager 5.3(The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark) and
STATA 12.0 software (STATA, College Station, TX). We
directly obtained HR and 95%CI from each literature or
estimated these data, HR > 1 indicated a worse prognosis
in lung cancer patients with the elevated plasma level of
CRABP2. Cochran’s Q test and Higgins I-squared sta-
tistic were undertaken to assess the heterogeneity of
the included trials. Both fixed-effects (Mantel-Haen-
szel method) and random effects (DerSimonian—Laird
method) models were used to calculate the pooled HRs
and 95%ClIs. A Pheterogeneity®>50% suggested signifi-
cant heterogeneity in the literature and a random-effect
model was used. Otherwise, the fixed-effects model
was adopted. Publication bias was assessed by Begg’s
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funnel plot and Egger’s linear regression test. All P-values
were two-sided. The P<0.05 was considered statistical
significant.

Results

Identification of relevant studies

A total of 14 studies published between 2013 and 2022
were initially collected. After carefully inspection of these
available articles, 10 articles were eliminated and 4 stud-
ies were finally enrolled in our meta-analysis. The specific
process of research selection was shown in the flow dia-
gram (Fig. 1). Among them, two studies were from China,
one study was performed in Chinese TaiWan and Korea,
respectively. HRs and 95%Cls were extracted directly
in 4 studies, all of which calculated HRs by multivariate
analysis. In our meta analysis, 4 studies illuminated the
association between plasma level of CRABP2 and OS. 2
studies reported the association between plasma level

Records identified from
Databases (n=108)

1 4

Reports assessed for
eligibility (n=14)

¥

4 studies included into our
meta-analysis

Fig. 1 The flow diagram

Table 1 The basic characteristics of enrolled studies

|
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of CRABP2and PFS. The characteristics of the enrolled
studies were shown in Table 1:

The plasma level of CRABP2 and OS in lung cancer

Four studies reported the association between the ele-
vated plasma level of CRABP2 and OS in lung cancer.
For the purpose of analyzing the indicator of OS, 4 stud-
ies were selected. Since the obvious heterogeneity was
observed in the studies (I>=78.6%, P=0.003), random
effects model was adopted. The obtained results sug-
gested that increased plasma level of CRABP2 predicted
poor OS in lung cancer patient with a combined HR
of1.14 (95% CI: 1.00-1.30; Fig. 2).

The plasma level of CRABP2 and PFS in lung cancer

Two studies illustrated the association between the
elevated plasma level of CRABP2 and PES in lung can-
cer. Since the obvious heterogeneity was observed in the
studies (I?=92.2%, P=0.0001), random effects model was

Excluding

letters,abstracts reviews, case
reports,basic studies,and
articles written in language
other than english(n=94)

10 studies did not provide
complete HR and 95%CI

First author Year Region Indicator Outcome (HR and 95% Cl) NOS
Do Jun Kim 2018 Korea 0S 1.01 (1.00-1.02)
Yong Zhang 2015 China oS 1.3(0.98-1.73)
Shuangshuang Zeng 2023 China oS 1.2 (1.04-1.38)
PFS 0.84 (0.64-1.09)
Jun-lWu 2018 Chinese TaiWan (ON) 1.2 (1.04-1.39) 7

PFS 1.55(1.26-1.9)
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Study

Do Jun Kim (2018)

Yong Zhang (2015)
Shuangshuang Zeng (2023)
Jun- Wu (2018)

Overall (I-squared =78.6%, p = 0.003)

NOTE: Weights are from random effects analysis
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Fig. 2 Meta-analysis of the relation between the plasma level of CRABP2 and OS in lung cancer

adopted. Meta-analysis of these two studies revealed that
patients with the increased plasma level of CRABP2 were
not associated with poor PFS with combined HR: 1.15%
CI: 0.63-2.09, Fig. 3) in lung cancer.

Publication bias
Publication bias was assessed by Begg’s funnel plot and

Egger’s linear regression test, No publication bias was
detected for OS and PFS in Begg test (Pr >jzj=0.764) and

Study

Shuangshuang Zeng (2023)

Jun- Wu (2018)

Overall (I-squared = 92.2%, p = 0.000) <

NOTE: Weights are from random effects analysis

Egger’s test (P>jt j=0.328). The picture of publication
bias was shown in Fig. 4.

Discussion

Our meta-analysis included 4 studies, indicating that
the elevated plasma level of CRABP2 significantly pre-
dicted poor OS (HR: 1.14 (95% CI: 1.00-1.30, Fig. 1) in
lung cancer patients. There were 2 studies showing the
data of association between the CRABP2 and PES in

%

ES(95%Cl)  Weight

0.84(0.64,1.09) 49.00

'
D —

1.55(1.26, 1.90)

> 115 (0.63,2.09)

51.00

100.00

T
478

T
1 2.09

Fig. 3 Meta-analysis of the association between the plasma level of CRABP2 and PFS in lung cancer
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Fig.4 The funnel plot

lung cancer patients. The pooled HR of 1.15 (95% CI:
0.63-2.09, Fig. 2) showed that patients with the increased
plasma level of CRABP2 were not associated with poor
PES in lung cancer. Taking all these into consideration,
the presence of elevated CRABP2 expression in lung can-
cer patients may be have a significant risk factor for poor
prognostic factor for overall survival.

Lung cancer causes more than one-fourth of all cancer-
related deaths worldwide [3]. Nearly sixty percent of lung
cancer patients are diagnosed at late stages with metasta-
sis, and their 5-year survival is less than 16% [19]. Thus,
identifications of novel therapeutic targets against lung
cancer are urgently demanded to improve patients’ sur-
vival. Cellular retinoic acid-binding proteins, Crabpl and
Crabp2, are small cytosolic proteins that belong to a family
of two isotypes [10]. CRABP2is a cytosol-to-nuclear shut-
tling protein, which facilitates RA binding to its cognate
receptor complex and transfer to the nucleus. CRABP2
encodes a member of the retinoic acid, which binds pro-
tein family and lipocalin/ cytosolic fatty-acid binding pro-
tein family [20]. CRABP2 was found to be upregulated in
thyroid carcinoma and promoted the invasion, migration
in thyroid cancer cells [21]. Downregulation of CRABP2
inhibits proliferation and metastasis and promotes cell
apoptosis of hepatocellular carcinoma [11]. The overex-
pression of CRABP2 has been reported in tumor tissues of
non-small cell lung cancer (NSCLC) [12, 22, 23]. However,
the role of CRABP2 in lung cancer is still unclear.

Studies have shown that expression of E-cadherin
increased in the empty vector group compared to the
CRABP2 overexpression group. Expression of MMP9
and vimentin in the CRABP2 overexpression group was

higher than that in the empty vector group and siRNA
transfection group. Inhibition of CRABP2 expression
could reduce cell EMT. This indicates that overexpression
of CRABP2 facilitates cellular proliferation and migra-
tion, whereas CRABP2 down-regulation reduces cellular
proliferation and expression of EMT-related proteins.
This suggests that reducing expression of the CRABP2
gene will benefit the survival rate in patients with NSCLC
[23]. Recently proposed was an antitumorigenic mecha-
nism of CRABP2 that is independent of retinoic acid [24].

CRABP2 enhances retinoic acid signaling, which is gen-
erally considered to be an antitumor activity. However,
contradictory reports exist regarding the exact role of
CRABP2 in general tumorigenesis; thus, further investiga-
tion is needed [25]. Recent proteomic analyses determined
that high levels of CRABP2 are an adverse prognostic
marker in estrogen receptor—negative breast tumors, and
another study identified CRABP2 to be a subtype-specific
biomarker for ovarian cancer [26]. Expression in serous
ovarian cancer specimens was up-regulated, and CRABP2
expression was positively correlated with tumor grade and
cancer stage. Elevated CRABP2 mRNA transcript levels
were observed in retinoblastoma tissue compared with nor-
mal retinal tissue, and infiltrating retinoblastoma showed
elevated levels of CRABP2 [27]. Based on our results, this
meta-analysis shown that the elevated CRABP2 expression
significantly predicted poor OS in patients suffering from
lung cancer. The plasma level of CRABP2 was not associ-
ated with PFS in patients with lung cancer. In conclusion,
plasma CRABP2 can be used as a diagnostic and prognos-
tic marker for NSCLC to reduce cancer cell proliferation,
migration, and invasion by targeting inhibition.
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Nevertheless, the meta-analysis has also posed some
limitations that need to be mentioned. First, the study
was retrospective in nature, which could easily lead to
some bias. Second, our meta-analysis only enrolled stud-
ies published in English language. So,it was more likely to
appear publication bias. Third, only a limited number of
documents were selected for the purpose of analysis. Fur-
ther large-scale studies and randomized controlled trials
need to be conducted in the future.

In conclusion

Our meta-analysis found the increased plasma level of
CRABP2 was associated with poor OS independently in
NSCLC patients. The plasma CRABP2 level may be an
indicator of biological aggressiveness of the tumor. Our
research was promising regarding the feasibility and util-
ity of plasma CRABP2 as a novel prognostic biomarker in
NSCLC, and the findings warrant further investigation.

Abbreviations

@] Confidence interval

PFS Progression-free survival

HR Hazard ratio

oS Overall survival

CRABP2  Cellular retinoic acid-binding protein 2
NSCLC Non-small cell lung cancer

SCLC Small cell lung cancer

NOS Newcastle-Ottawa Scale

RA Retinoic acid

RAR Retinoic acid receptor

Acknowledgements
I'would like to thank professor Liu,for his guidance of this research and my
colleagues for their strong support of this study.

Authors’ contributions

Huining Liu and Qifan Yin conceived the study. Guang Yang and Wenhao
Wang collected the data and analyzed the data and performed statistical
analyses. Siwei Xu searched researches. Qifan Yin drafted the manuscript.
Huining Liu gave important intellectual contribution and critically revised the
manuscript. All authors read and approved the final manuscript.

Funding
No funding was involved in this study.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study conforms to the ethical guidelines in a priori approval by the local
Ethical Committee of The First Hospital of Hebei Medical University. This study
was approved by our institutional review board (IRB number 20230605).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Page 6 of 7

Received: 20 June 2023 Accepted: 15 June 2024
Published online: 24 June 2024

References

1. Cao M, Chen W. Epidemiology of lung cancer in China. Thorac cancer.
2019;10:3-7.

2. Jenkins R, Walker J, Roy UB. 2022 cancer statistics: Focus on lung cancer.
Future Oncology. 2023:1-11.

3. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. Ca-Cancer
JClin. 2023;73:17-48.

4. Wiener RS, Gould MK, Arenberg DA, et al. An official American Thoracic
Society/American College of Chest Physicians policy statement: imple-
mentation of low-dose computed tomography lung cancer screening
programs in clinical practice. Am J Respir Crit Care Med. 2015;192:881-91.

5. Ni M, Shi XL, Qu ZG, Jiang H, Chen ZQ, Hu J. Epithelial mesenchymal tran-
sition of non-small-cell lung cancer cells A549 induced by SPHK1. Asian
Pac J Trop Med. 2015,8:142-6.

6. Kim DJ, Kim WJ, Lim M, et al. Plasma CRABP2 as a novel biomarker in
patients with non-small cell lung cancer. J Kor Med Sci. 2018;33:e178.

7. WuJl, Lin YR, Tseng CW, Chen HJ, Wang LH. Crabp2 Promotes Metastasis
of Lung Cancer Cells via HuR and Integrin 31/FAK/ERK Signaling. Sci Rep.
2019;9:845.

8. NiX, Hu G, Cai X. The success and the challenge of all-trans retinoic acid
in the treatment of cancer. Crit Rev Food Sci Nutr. 2019;59:571-s80.

9. Arellano-Ortiz AL, Salcedo-Vargas M, Vargas-Requena CL, et al. DNA
methylation of cellular retinoic acid-binding proteins in cervical cancer.
Genet Epigenet. 2016;8:53-7.

10. Honecker F, Rohlfing T, Harder S, et al. Proteome analysis of the effects of
all-trans retinoic acid on human germ cell tumor cell lines. J Proteomics.
2014;96:300-13.

11. Chen Q Tan L, Jin Z LiuY, Zhang Z. Downregulation of CRABP2 inhibit
the tumorigenesis of hepatocellular carcinoma in vivo and in vitro.
Biomed Res Int. 2020;2020:3098327.

12. Han SS, Kim WJ, Hong Y, et al. RNA sequencing identifies novel markers of
non-small cell lung cancer. Lung Cancer. 2014;84:229-35.

13. YiQ Miao Y, Kong, et al. MiR-579 inhibits lung adenocarcinoma cell pro-
liferation and metastasis via binding to CRABP2. Comput Math Methods
Med. 2022;2022:9111681.

14. Yang Q Wang R, Xiao W, Sun F, Yuan H, Pan Q. Cellular retinoic acid
binding protein 2 is strikingly downregulated in human esophageal
squamous cell carcinoma and functions as a tumor suppressor. Plos One.
2016;11:e0148381.

15. Calmon MF, Rodrigues RV, Kaneto CM, et al. Epigenetic silencing of
CRABP2 and MX1 in head and neck tumors. Neoplasia (New York, NY).
2009;11:1329-39.

16. Geiger T, Madden SF, Gallagher WM, Cox J, Mann M. Proteomic portrait
of human breast cancer progression identifies novel prognostic markers.
Cancer res. 2012;72:2428-39.

17. Campos B, Centner FS, Bermejo JL, et al. Aberrant expression of retinoic
acid signaling molecules influences patient survival in astrocytic gliomas.
Am J Pathol. 2011;178:1953-64.

18. Percicote AP, Mardegan GL, Gugelmim ES, et al. Tissue expression of
retinoic acid receptor alpha and CRABP2 in metastatic nephroblastomas.
Diagn Pathol. 2018;13:9.

19. HeJ,Yu L, Wang CM, Zhou XF. MiR-1275 promotes non-small cell lung
cancer cell proliferation and metastasis by regulating LZTS3 expression.
Eur Rev Med Pharmacol Sci. 2022;26:2215.

20. Meng JF, Luo MJ. CRABP2 involvement in a mechanism of Golgi stress
and tumor dry matter in non-small cell lung cancer cells via ER depend-
ent Hippo pathway. Acta Biochim Pol. 2021,69:31-6.

21. Liu CL, Hsu YC, Kuo CY, Jhuang JY, Li YS, Cheng SP. CRABP2 is associated
with thyroid cancer recurrence and promotes invasion via the integrin/
FAK/AKT pathway. Endocrinology. 2022;163:bgac171.

22. ZhangY,Wang H, Wang J, et al. Global analysis of chromosome 1 genes
among patients with lung adenocarcinoma, squamous carcinoma, large-
cell carcinoma, small-cell carcinoma, or non-cancer. Cancer Metastasis
Rev. 2015;34:249-64.



Yang et al. Journal of Cardiothoracic Surgery ~ (2024) 19:366 Page 7 of 7

23. Codreanu SG, Hoeksema MD, Slebos RIC, et al. Identification of proteomic
features to distinguish benign pulmonary nodules from lung adenocarci-
noma. J Proteome Res. 2017;16:3266-76.

24, LiG, CaiY, Wang C, Huang M, Chen J. LncRNA GAS5 regulates the prolif-
eration, migration, invasion and apoptosis of brain glioma cells through
targeting GSTM3 expression. The effect of LncRNA GAS5 on glioma cells.
J Neuro-Oncol. 2019;143:525-36.

25. Huil, Zhang S, Wudu M, et al. CBLL1 is highly expressed in non-small cell
lung cancer and promotes cell proliferation and invasion. Thorac cancer.
2019;10:1479-88.

26. Wang D, LiuY, Zhao W, Wang R, Tong X, Jiang G. SRC kinase inhibi-
tor PP2 inhibits invasion and metastasis of lung cancer A549 cells by
upregulating connexin43 expression. Nan Fang Yi Ke Da Xue Xue Bao.
2019;39:797-803.

27. Yel,LiuR, Lin P, Wang W. Kriippel-like transcription factor 16 transcrip-
tional up-regulation of cellular retinoic acid-binding proteins-2 promotes
the invasion and migration and inhibits apoptosis of retinoblastoma cells
by regulating integrin-31/focal adhesion kinase /extracellular signal-
regulated kinase pathway. Bioengineered. 2022;13:3694-706.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Prognostic role of CRABP2 in lung cancer: a meta-analysis
	Abstract 
	Background 
	Method 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction and quality assessment

	Statistical analysis
	Results
	Identification of relevant studies
	The plasma level of CRABP2 and OS in lung cancer
	The plasma level of CRABP2 and PFS in lung cancer
	Publication bias

	Discussion
	In conclusion
	Acknowledgements
	References


