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Abstract
Background: Alpha B-crystallin (CRYAB), as a small heat shock protein, may play critical roles in the tumorigenesis and
progression of several kinds of human cancers. However, the prognostic value of CRYAB in solid malignancies remains controversial.
The aim of the present study was to investigate the association between CRYAB expression and clinicopathology and prognosis of
solid tumor patients.

Methods: PubMed, Web of Science, EMBASE, Chinese National Knowledge Infrastructure, and WanFang databases were
systematically searched to retrieve studies that investigated the prognostic value of CRYAB expression in various solid tumors.
Hazard ratios (HRs) with 95% confidence intervals (CIs) were calculated to determine the strength of association between CRYAB
expression and survival in patients with solid tumors. Odds ratios (ORs) with 95%CIs were pooled to assess the correlation between
CRYAB expression and clinicopathological characteristics of patients with solid tumors.

Results:A total of 17 studies, including 18 cohorts with 6000 patients, were included in this meta-analysis. Our results showed that
increased CRYAB expression could predict poor overall survival (HR=1.81, 95% CI: 1.50–2.19, P< .001), disease-free survival
(HR=1.47, 95% CI: 1.16–1.86, P= .001), and disease-specific survival (HR=1.40, 95% CI: 1.19–1.63, P< .001) in patients with
cancer. Furthermore, the high expression level of CRYAB was associated with certain phenotypes of tumor aggressiveness, such as
lymph node metastasis (OR=2.46, 95% CI: 1.48–4.11, P= .001), distant metastasis (OR=3.34, 95% CI: 1.96–5.70, P< .001),
advanced clinical stage (OR=2.24, 95% CI: 1.24–4.08, P= .008), low OS rate (OR=4.81, 95% CI: 2.82–8.19, P< .001), and high
recurrence rate (OR=1.38, 95% CI: 1.11–1.72, P= .004).

Conclusions: CRYAB may serve as a valuable prognostic biomarker and therapeutic target in human solid tumors.

Abbreviations: BC = breast cancer, CI = confidence interval, CRYAB = alpha B-crystallin, DFS = disease-free survival, DSS =
disease-specific survival, EMT = epithelial-mesenchymal transition, HR = hazard ratio, NOS = Newcastle-Ottawa Scale, NSCLC =
non-small cell lung cancer, OC = ovarian cancer, OR = odd ratio, OS = overall survival, RCC = renal cell carcinoma.
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1. Introduction

Epidemiological data show that cancer is a major cause of death
in both developing and developed countries.[1] According to
latest data, solid cancers characterized by malignant tumors that
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form a discrete tumor mass accounted for more than 90% of all
types of cancers.[1] Although considerable progress has been
made on targeted therapies and comprehensive treatments, the
prognosis of the vast majority of patients remains poor.[2] A lack
of biomarkers for the early detection and precise diagnosis has
limited the efficacy of current therapies for patients with solid
tumors.[3] Thus, identifying other predictive molecular markers
of human solid tumors is of primary importance in improving
therapy and prognosis.[4]

Alpha B-crystallin (CRYAB), also calledHspB5, is amember of
the small molecule heat shock protein family and was first
discovered as a major structural protein in the lens of the eyes.[5,6]

CRYAB acts primarily as a molecular chaperone: when cells are
exposed to external stress, such as heat shock, oxidative stress,
radiation, and exposure to anticancer drugs, CRYAB binds to
unfolded proteins, inhibits their aggregation, and prevents
degeneration and degradation, thereby promoting cell survival,
inhibiting apoptosis, protecting cells, and degrading pro-
teases.[7,8] In addition, CRYAB promotes tumor cell invasion
and metastasis through epithelial-mesenchymal transition
(EMT). Recent studies on CRYAB’s role in tumorigenesis and
progression have attracted attentions. Several publications have
recently claimed that CRYAB overexpression is significantly
associated with poor prognosis in various types of cancer, while
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other studies have reported that the connection is not signifi-
cant.[5–7,9–22] Therefore, we conducted this meta-analysis to
evaluate the correlation between high CRYAB expression and the
prognosis of human solid tumors, and to clarify the clinical value
of CRYAB as a potential prognostic indicator and therapeutic
target for human solid tumors.

2. Materials and methods

2.1. Ethics approval

This study is a meta-analysis of data from published articles and
does not include human participants or animals. Therefore, ethics
approval is not required for this study.
2.2. Search strategy

Two independent authors (YML and LYF) performed a compre-
hensive literature search of PubMed, Web of Science, EMBASE,
Chinese National Knowledge Infrastructure, and WanFang data-
bases to identify relevant studies on CRYAB expression and
survival in patients with solid tumor prior to August 2020. The
following terms were used in the search strategy: (“CRYAB” OR
“Alpha B crystallin” OR “aB-crystallin” OR “crystallin aB”
OR “HspB5”) AND (“tumor”OR “cancer”OR “carcinoma”OR
“malignancy”OR“neoplasms”)AND(“survival”OR“outcome”
OR “prognosis”). The references from the articles were also
scanned to determine studies of possible interest. Any discrepancy
was resolved by consensus through discussion.
2.3. Inclusion and exclusion criteria

We diligently selected the eligible articles based on the following
inclusion criteria:
(1)
 patients were pathologically diagnosed with solid tumors;

(2)
 CRYAB expression was measured through immunohis-

tochemistry stain in the tumor tissue;

(3)
 the correlation between CRYAB expression and prognostic

outcomes, including overall survival (OS), disease-free
survival (DFS), and disease-specific survival (DSS), was
investigated; and
(4)
 hazard ratios (HRs) and 95% confidence intervals (CIs) can
be directly extracted or calculated based on survival curves.
We excluded studies in accordance with the following criteria:
(1)
 letters, reviews, abstracts, case reports, comments, or animal
experiments;
(2)
 studies without sufficient data to extract or estimate HRs and
their 95% CIs;
(3)
 CRYAB expression was not divided into 2 groups: “high”
and “low” or “positive” and “negative;” and
(4)
 studies with a sample size less than 50.
2.4. Data extraction and quality assessment

All data from eligible studies were reviewed and extracted
independently by 2 authors (YML and LYF). The following data
were collected: the first author, publication year, study country,
cancer type, duration time, follow-up time, number of patients,
detection method, cutoff value, number and percentage of high
CRYAB expression, prognostic outcome, analysis method, HRs
with 95% CIs of high CRYAB expression group compared with
2

low expression group, and language and clinicopathological
features. If HR values of univariate and multivariate analyses
were both provided in the article, only the latter was chosen
because it took confounding factors into account and was more
accurate than the former.
The quality of each included article was assessed by 2

independent authors (YML and LYF) using the Newcastle-
Ottawa Scale (NOS). The NOS scale comprises 3 evaluation
contents: selection of the exposed and unexposed cohort, 0 to 4;
comparability of the 2 cohorts, 0 to 2; and outcome assessment, 0
to 3.[23] Each study received a consensus NOS score by
discussion. Studies with a score ≥ 6 were considered as
methodologically sound.
2.5. Statistical analysis

The HRs and 95% CIs were combined to assess the association
between CRYAB expression and survival endpoints (OS, DFS,
andDSS) in patients withmalignant solid tumors. The odds ratios
(ORs) and 95% CIs were pooled to evaluate the correlation
between CRYAB expression and clinicopathological features.
Heterogeneity assumption was evaluated by chi-basedQ-test and
I2 metric.[24] The P value< .05 or the I2 value>50% indicated
significant heterogeneity. The random-effects model was used for
studies with significant heterogeneity. Otherwise, a fixed-effects
model was applied. Subgroup and meta-regression analyses were
conducted to investigate the suspected factors for heterogeneity.
Sensitivity analysis was performed by sequentially omitting
individual study to verify the stability of the meta-analysis results.
The effect of potential publication bias on prognosis was
quantitatively evaluated using Begg and Egger asymmetry tests,
and was visually evaluated by funnel plots.[25] When significant
publication bias existed, the trim-and-fill method was performed
to appraise the robustness of analysis results. All calculations
were conducted using the STATA version 12.0 software (Stata,
College Station, TX). All statistical tests were 2-sided and P< .05
was deemed as statistically significant.

3. Results

3.1. Literature search and study demographics

A total of 254 reports were retrieved from a primary literature
search, and 108 duplicate records were removed. After the titles
and abstracts were screened, 113 papers were further excluded as
follows: apparently irrelevant articles (n=86), reviews ormeeting
abstracts (n=19), and non-human studies (n=8). As for the
remaining 33 studies, the reasons for exclusion were as follows: 7
did not perform survival analysis, 3 did not provide sufficient
data for HR calculation, 4 studied the association between
CRYAB mRNA expression and prognosis, and 2 had a sample
size less than 50. Finally, 17 articles with 18 cohorts published
from 2006 to 2019 were included in the meta-analysis. The
process of literature selection is shown in Figure 1.
The main characteristics of the included studies are summa-

rized in Table 1. A total of 6000 patients from China,[6,7,9–
11,13,16,17,19,21] Korea,[12,14,20] Canada,[15] Sweden,[5]

Taiwan,[18] and USA[22] were diagnosed with distinct cancers,
including breast cancer (BC),[9,12,15,20,22] gastric cancer,[6]

ovarian cancer (OC),[7] non-small cell lung cancer
(NSCLC),[10,17] laryngeal squamous cell carcinoma,[11,19] colo-
rectal cancer,[13,16] renal cell carcinoma (RCC),[14,18] oral or
oropharyngeal squamous cell carcinoma,[5] and hepatocellular



Figure 1. Flow diagram of the study selection process and specific reasons for exclusion in the meta-analysis.
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carcinoma.[21] The sample sizes ranged from 50 to 3987, and
CRYAB expression was evaluated by immunohistochemistry in
all studies. Fifteen cohorts provided data on OS,[5–7,9–14,16–19,21]

6 cohorts provided data on DFS,[7,12,13,15,20] and 3 cohorts
provided data on DSS[5,15,22] with respect to survival. Also, 17
HRs were obtained by multivariate analysis,[6,7,9–11,13–19,21]

while the remaining 7 HRs were calculated by univariate
analysis.[5,12,15,20,22] According to the NOS, all cohort studies
had scores greater than or equal to 6 and were of relatively high
quality.
3.2. Association between CRYAB expression and
clinicopathological features

The correlations between CRYAB expression and clinicopatho-
logical parameters in human solid tumors are presented in
Table 2. Thirteen cohorts with 1363 patients investigated the
3

relationship between CRYAB expression and lymph node
metastasis, and the pooled result showed that high CRYAB
expression was associated with positive lymph node metastasis
(OR=2.46, 95% CI: 1.48–4.11, P= .001, random effects). Five
cohorts with 462 cases reported the correlation between CRYAB
expression and distant metastasis, and the conjoined result
suggested that CRYAB overexpression was significantly related
to positive distant metastasis (OR=3.34, 95% CI: 1.96–5.70,
P< .001, fixed effects). The association between CRYAB
expression and clinical stage was evaluated in 11 cohorts with
1292 participants, and the pooled analysis demonstrated that
high CRYAB expression was significantly associated with
advanced clinical stage (OR=2.24, 95% CI: 1.24–4.08,
P= .008, random effects). Moreover, 6 cohorts focused on the
correlation between CRYAB expression and OS, and found that
positive CRYAB expression was correlated with low OS rate
(OR=4.81, 95% CI: 2.82–8.19, P< .001, random effects).

http://www.md-journal.com


Table 1

Main characteristics of the eligible studies.

Study Region Duration
Cancer
type

Clinical
stage

Follow up
(months) Number

Detection
method

Cut-off
value

CRYAB-
high (%)

Survival
analysis Language Quality

Zeng L 2019 China 1996-2005 BC I-III > 120 190 IHC NR 51 (26.8) OS (M) English 8
Tao X 2019 China 2012-2013 GC I-IV Until Dec 2018 100 IHC ≥ 3 57 (57.0) OS (M) English 8
Tan L 2019 (E) China 2004-2015 OC I-IV NR 103 IHC NR 63 (61.2) OS (M), DFS (M) English 7
Tan L 2019 (V) China 2004-2015 OC I-IV NR 103 IHC NR 67 (65.0) OS (M), DFS (M) English 7
Gu J 2018 China 2005 NSCLC I-IV NR 208 IHC > 3 106 (51.0) OS (M) Chinese 7
Xu L 2016 China 2000-2009 LSCC I-IV NR 80 IHC > 4 42 (52.5) OS (M) Chinese 7
Zhu J 2015 China 2005-2008 CRC I-IV Until Dec 2012 100 IHC ≥ 25% 68 (68.0) OS (M), DFS (M) Chinese 8
Voduc KD 2015 Canada 1986-1992 BC NR Median 144 3987 IHC > 0 359 (9.0) DSS (M), DFS (U) English 8/6
Kim MS 2015 Korea 2003-2012 RCC I-IV Mean 60 91 IHC 180 56 (61.5) OS (M) English 8
Kim MS 2015 Korea 2003-2009 IDC I-III Mean 84 82 IHC > 0 18 (22.0) OS (U), DFS (U) English 6
Shi C 2014 China 2002-2007 CRC I-IV NR 100 IHC ≥ 3 58 (58.0) OS (M) English 7
Qin H 2014 China 2005-2006 NSCLC I-IV NR 101 IHC ≥ 4 45 (44.6) OS (M) English 7
Annertz K 2014 Sweden 1990-1999 OOPSCC I-IV Median 20 55 IHC TQ 40 (72.7) OS (U), DSS (U) English 6
Ho P 2013 Taiwan 2002-2009 ccRCC NR Median 44.5 50 IHC > 40 13 (26.0) OS (M) English 8
Mao Y 2012 China 2000-2009 LSCC I-IV 60 109 IHC ≥ 4 64 (58.7) OS (M) English 8
Kim HS 2011 Korea 2002-2006 IDC NR Mean 50 82 IHC ≥ 2 30 (36.6) DFS (U) English 6
Tang Q 2009 China 2002-2005 HCC I-IV 24-60 98 IHC ≥ 3 42 (42.9) OS (M) English 8
Moyano JV 2006 USA 1974-1995 IBC NR Medain 130 361 IHC > 0 39 (10.8) DSS (U) English 6

BC=breast cancer, ccRCC= clear cell renal cell carcinoma, CRC= colorectal cancer, DFS=disease-free survival, DSS=disease-specific survival, E=experimental cohort, GC=gastric cancer, HCC=
hepatocellular carcinoma, IBC= Invasive breast carcinomas, IDC= infiltrating ductal carcinoma, IHC = immunohistochemistry, LSCC= laryngeal squamous cell carcinoma, M=multivariate analysis, NR=none
reported, NSCLC=non-small cell lung cancer, OC= ovarian cancer, OOPSCC= oral or oropharyngeal squamous cell carcinoma, OS overall survival, RCC= renal cell carcinoma, TQ= third quartile, U=univariate
analysis, V= validation cohort.
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Furthermore, pooled analysis of 3 cohorts demonstrated that
high expression of CRYABwas significantly associated with high
recurrence rate (OR=1.38, 95% CI: 1.11–1.72, P= .004, fixed
effects). However, the association between CRYAB expression
and age (OR=0.99, 95% CI: 0.78–1.26, P= .945, fixed effects),
gender (OR=1.12, 95% CI: 0.82–1.53, P= .478, fixed effects),
tobacco use (OR=0.78, 95% CI: 0.54–1.14, P= .196, fixed
effects), and depth of invasion (OR=1.23, 95% CI: 0.18–8.53,
P= .832, random effects) was not significant.
3.3. Association between CRYAB expression and
prognosis

The main meta-analysis results of the relationship between
CRYAB expression and the prognosis of patients with solid
tumors are shown in Table 3. Fifteen cohorts, with 1570 patients
reported the HRs for OS. The random-effects model was applied
to estimate the combined HR and 95% CI because of significant
heterogeneity (I2=42.3%, P= .042). The pooled results showed
that positive CRYAB expression was closely associated with poor
Table 2

Meta-analysis of CRYAB and clinicopathological features in cancer p

Categories Trials (Patients) O

Age (young vs old) 11 (1292) 0.99
Gender (male vs female) 9 (987) 1.12
Tobacco use (no vs yes) 4 (498) 0.78
Depth of invasion (T1-T2 vs T3-T4) 3 (273) 1.23
Lymph node metastasis (negative vs positive) 13 (1363) 2.46
Distant metastasis (negative vs positive) 5 (462) 3.34
clinical stage (I-II vs III-IV) 11 (1292) 2.24
Overall survival (alive vs dead) 6 (596) 4.81
Recurrence (negative vs positive) 3 (3391) 1.38

CI= confidence interval, OR= odds ratio, All pooled ORs were calculated from random-effect model except
for statistical significance based on Z test.
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OS (HR=1.81, 95% CI: 1.50–2.19, P< .001) (Fig. 2). When
subgroup analysis was conducted on the basis of cancer type,
increased CRYAB expression was significantly associated with
unfavorable OS in patients with digestive system cancers (HR=
1.43, 95%CI: 1.22–1.67, P< .001), head and neck cancer (HR=
2.05, 95% CI: 1.38–3.05, P< .001), OC (HR=3.03, 95% CI:
1.77–5.16, P< .001), NSCLC (HR=1.58, 95% CI: 1.18–2.13,
P= .002), but not in patients with BC (HR=1.40, 95%CI: 0.96–
2.04, P= .084), RCC (HR=4.37, 95%CI: 0.43–43.97, P= .211).
Subgroup analysis by clinical stage suggested that CRYAB
overexpression had an adverse effect on OS for patients with
Stage I-IV (HR=1.58, 95% CI: 1.39–1.79, P< .001), none
reported (HR=15.76, 95% CI: 2.94–84.59, P= .001), but not
for patients with stage I-III (HR=1.40, 95% CI: 0.96–2.04,
P= .084). In subgroup analysis based on the sample size, the
result showed that high CRYAB expression had significantly
poor OS in both large (HR=1.53, 95% CI: 1.34–1.75, P< .001)
and small (HR=1.75, 95% CI: 1.34–2.27, P< .001) sample
sizes. Subgroup analysis according to the proportion of patients
with high CRYAB expression showed that CRYAB over-
atients.

R (95%CI) I2 (%) Ph Z Pz

(0.78–1.26)F 0.0 .756 0.07 .945
(0.82–1.53)F 11.6 .338 0.71 .478
(0.54–1.14)F 0.0 .683 1.29 .196
(0.18–8.53) 86.6 .001 0.21 .832
(1.48–4.11) 71.3 <.001 3.46 .001
(1.96–5.70)F 36.9 .175 4.44 <.001
(1.24–4.08) 80.6 <.001 2.65 .008
(2.82–8.19) 51.1 .069 5.77 <.001
(1.11–1.72)F 3.0 .357 2.87 .004

for cells marked with (fixedF). Ph denotes P value for heterogeneity based on Q test; Pz denotes P value



Table 3

Summary of the meta-analysis results.

Categories Trials (patients) HR (95%CI) I2 (%) Ph Z Pz Pm

OS (All) 15 (1570) 1.81 (1.50–2.19) 42.3 .042 6.10 <.001
Cancer type .698
Digestive system 4 (398) 1.43 (1.22–1.67)F 49.6 .114 4.39 <.001
HNC 3 (244) 2.05 (1.38–3.05)F 0.0 .642 3.54 <.001
BC 2 (272) 1.40 (0.96–2.04)F 0.0 .582 1.73 .084
OC 2 (206) 3.03 (1.77–5.16)F 0.0 .512 4.07 <.001
NSCLC 2 (309) 1.58 (1.18–2.13)F 0.0 .720 3.06 .002
RCC 2 (141) 4.37 (0.43–43.97) 82.3 .018 1.25 .211

Clinical stage .267
Stage I-IV 12 (1248) 1.58 (1.39–1.79)F 32.8 .128 7.02 <.001
Stage I-III 2 (272) 1.40 (0.96–2.04)F 0.0 .582 1.73 .084
NR 1 (50) 15.76 (2.94–84.59) - - 3.22 .001

Sample size .393
≥100 9 (1114) 1.53 (1.34–1.75)F 45.7 .064 6.20 <.001
<100 6 (456) 1.75 (1.34–2.27)F 43.1 .118 4.16 <.001
CRYAB-high (%) .306
≥50% 10 (1049) 1.54 (1.34–1.77)F 42.7 .073 6.17 <.001
<50% 5 (521) 1.75 (1.21–2.55) 51.2 .085 2.95 .003

Analysis method .174
Multivariate 13 (1433) 1.91 (1.54–2.38) 49.0 .024 5.78 <.001
Univariate 2 (137) 1.42 (0.96–2.11)F 0.0 .497 1.76 .078

DFS (All) 6 (4457) 1.47 (1.16–1.86) 62.6 .020 3.19 .001
DSS (All) 3 (4403) 1.40 (1.19–1.63)F 1.0 .364 4.15 <.001

BC=breast cancer, CI=confidence interval, DFS=disease-free survival, DSS=disease-specific survival, HNC=head and neck cancer, HR=hazard ratio, NR=none reported, NSCLC=non-small cell lung
cancer, OC= ovarian cancer, OS=overall survival, RCC= renal cell carcinoma.
All pooled HRs were calculated from random-effect model except for cells marked with (fixedF); Ph=P value for heterogeneity based on Q test; Pz=P value for statistical significance based on Z test; Pm=P value
for statistical outcome based on multivariate meta-regression analysis.

Yang et al. Medicine (2021) 100:7 www.md-journal.com
expression was closely related to shorter OS in the high (HR=
1.54, 95% CI: 1.34–1.77, P< .001) and low (HR=1.75, 95%
CI: 1.21–2.55, P= .003) proportions. With regard to the analysis
method, CRYAB positive expression predicted short OS in
multivariate analysis (HR=1.91, 95% CI: 1.54–2.38, P< .001),
but not in univariate analysis (HR=1.42, 95% CI: 0.96–2.11,
P= .078). Therefore, the results did not markedly change when
subgroup analyses were performed according to cancer type,
clinical stage, sample size, proportion of patients with high
CRYAB expression, and analysis method. Furthermore, meta-
regression analysis demonstrated that cancer type (P= .698),
clinical stage (P= .267), sample size (P= .393) proportion of
patients with high CRYAB expression (P= .306), and analysis
method (P= .174) were not sources of heterogeneity for OS.
Additionally, 6 cohorts comprising 4457 participants reported

the survival endpoint of DFS, and the combined result revealed
that increased CRYAB expression was predictive of reduced DFS
(HR=1.47, 95% CI: 1.16–1.86, random effect; Table 3, Fig. 3)
with significant heterogeneity (I2=62.6%, P= .020). DSS was
studied in 3 cohorts, including 4403 patients. The meta-analysis
showed that high CRYAB expression in tumor tissues signifi-
cantly increased the risk of shortening DSS (HR=1.40, 95% CI:
1.19–1.63, fixed effect; Table 3, Fig. 4).

3.4. Sensitivity analysis and publication bias

Sensitivity analysis, in which 1 cohort was removed at a time and
the pooled results were recalculated, was conducted to assess the
stability of the results. No individual cohort significantly affected
the overall HRs for OS (Fig. 5A) and DFS (Fig. 5B). Voduc KD’s
research significantly affected the pooled HRs for DSS, but the
5

direction of the effect did not change (Fig. 5C). This finding shows
that the results of this meta-analysis are credible.
In the meta-analysis of OS, publication bias was indicated by

Begg test (P= .013), Egger test (P< .001) analysis, and the
obvious asymmetric funnel plot (Fig. 6A). After adjusted by the
trim and fill analysis, seven non-published studies were needed to
balance the funnel plot (Fig. 6B), and the recalculated HR and
95% CI changed slightly (HR=1.47, 95% CI: 1.20–1.80) but
remained significant, indicating that the potential publication
bias did not significantly affect the overall outcome. In the meta-
analysis of DFS and DSS, no publication bias was observed as
assessed using Begg tests (DFS: P= .060; DSS: P= .296), Egger
tests (DFS: P= .052; DSS: P= .189), and funnel plots (DFS:
Fig. 6C; DSS: Fig. 6D).

4. Discussion

High levels of CRYAB have been reported in a variety of human
solid tumors and found to promote tumorigenesis and progres-
sion.[26,27] Many clinical studies have been conducted on the
prognostic value of CRYAB overexpression. However, most of
these studies involved a limited number of patients and with
inconclusive results. Therefore, we conducted this meta-analysis
to determine the association between CRYAB expression and the
prognosis of solid tumor patients.
This meta-analysis included 17 studies, including 18 cohorts

with 6000 patients, and the systematically evaluated outcomes
showed that high CRYAB level was significantly associated with
poor OS, DFS, and DSS in various solid tumors. Moreover,
sensitivity and publication bias analyses proved that the pooled
results were stable. However, such a correlation was not found in

http://www.md-journal.com


Figure 2. Forest plots of the overall outcomes for overall survival. CI=confidence interval, HR=hazard ratio.
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a few subgroup analyses of OS. This finding was mainly
attributed to the small sample size or the HR from the univariate
analysis in 1 study of each subgroup. Moreover, high CRYAB
expression was correlated with certain phenotypes of tumor
aggressiveness, such as lymph nodemetastasis, distantmetastasis,
advanced clinical stage, low OS rate, and high recurrence rate.
Thus, high CRYAB expression is associated with poor prognosis
and certain phenotypes of tumor aggressiveness. The evaluation
of CRYAB after tumor surgery may be a useful and easily
available parameter that can be used to predict the outcome of
treatment and select patients who require more aggressive
treatment. The classification of patients with a high risk of poor
prognosis based on CRYAB expression can lay the foundation
for the introduction of targeted therapy, which may open up a
new paradigm for cancer treatment. The basic biological
mechanism behind the prognostic significance of CRYAB needs
to be further evaluated.
CRYAB plays a vital role in inhibiting cell apoptosis that is 1 of

the hallmarks of malignant diseases.[28] CRYAB inhibits the
autocatalytic maturation of caspase-3 and interacts directly with
the proapoptotic Bcl-2 family proteins, such as Bax and Bcl-xs, to
prevent mitochondrial translocation, thereby reducing cell
apoptosis.[29,30] Similarly, CRYAB interacts with p53 to block
its translocation to the mitochondria, thereby indirectly inhibit-
ing their proapoptotic effect on apoptotic Bcl-2 molecules.[31]
6

CRYAB inhibits the calcium-activated Raf/MEK/ERK signaling
pathway-mediated p53-dependent apoptosis by inhibiting Ras
activation.[32] In addition, CRYAB participates in the regulation
of intracellular apoptosis signals, which inhibit cell apoptosis by
activating the Akt signaling pathway and enhancing phosphoi-
nositide 3 kinase activity.[33] Furthermore, tumor necrosis factor-
related apoptosis inducing ligand can selectively induce apoptosis
of cancer cells with almost no toxic effect on normal cells; thus, it
has been tested as a promising anticancer agent.[34,35] However,
many cancer patients with high CRYAB expression are resistant
to tumor necrosis factor-related apoptosis inducing ligand-
induced apoptosis by reducing the tumor’s sensitivity to cancer
treatment.[34,36] Therefore, CRYAB may serve as a new survival
predictive biomarker and therapeutic molecule for cancer
patients by participating in apoptosis.
Numerous studies have shown that high CRYAB expression

in tumor tissues is closely related to invasion and metastasis.
EMT is considered as a key regulator of cell invasion and
metastasis in various cancers by conferring an aggressive
phenotype. Shi et al demonstrated that CRYAB promotes the
invasion and metastasis of colorectal cancer cells via EMT and is
accompanied by a decrease in the expression of epithelial
marker E-cadherin and an increase in the expression of
mesenchymal markers.[26] Besides, Chen et al, found that
CRYAB contributes to gastric cancer cell migration and



Figure 3. Forest plots of the overall outcomes for disease-free survival. CI=confidence interval, HR=hazard ratio.

Figure 4. Forest plots of the overall outcomes for disease-specific survival. CI=confidence interval, HR=hazard ratio.
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Figure 5. Effects of individual studies on pooled hazard ratios for CRYAB and survival in solid tumors. (A) Result of sensitivity analysis for pooled overall survival
estimation. (B) Result of sensitivity analysis for pooled disease-free survival estimation. (C) Result of sensitivity analysis for pooled disease-specific survival
estimation.
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invasion via EMT, mediated by the nuclear factor-k-gene
binding signaling pathway.[37] CRYAB triggers EMT in cancer
cells by activating the ERK signaling pathways.[27,38] Further-
more, accumulating evidence indicated that CRYAB can
enhance tumor angiogenesis, invasion, and metastasis by
regulating the vascular endothelial growth factor.[39,40] Thus,
high CRYAB expression is closely related to cancer invasion and
metastasis in solid tumor patients and may serve as a promising
candidate biomarker for anti-cancer invasion and metastasis.
Figure 6. Begg funnel plots for assessment of potential publication bias in studie
overall survival. (B) Funnel plot adjusted with trim and fill methods for overall surviv
publication bias for disease-specific survival.
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Although our meta-analysis indicated that high CRYAB
expression is associated with poor prognosis, this work has
several limitations that must be considered. First, a uniform
criterion for the critical value of CRYAB expression is non-
existent, and the cutoff value of each study is different, whichmay
lead to bias in determining the role of CRYAB in tumor
prognosis. Second, some HRs with 95% CIs were not directly
provided in studies but estimated from Kaplan-Meier survival
curves, which may have affected our results. Third, this study did
s of CRYAB in patients with solid tumor. (A) Funnel plot of publication bias for
al. (C) Funnel plot of publication bias for disease-free survival. (D) Funnel plot of
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not control anti-cancer treatment that has a certain influence on
the survival time of cancer patients, which will affect the results.
Fourth, the research region included in the article was mostly
Asia, especially China, which affected the promotion of the
results to a certain extent. Finally, the articles included in this
meta-analysis were retrospective cohort studies, some of which
had small sample sizes. Thus, better designed studies with larger
sample sizes are needed to further confirm our results.
5. Conclusion

In summary, our results indicated that high CRYAB expression is
associated with poor survival in patients with solid tumors and
that CRYAB may be a promising prognostic biomarker and
therapeutic target. We also found that CRYAB had significant
prognostic value for OS in various cancer subgroups, such as
digestive system cancers, head and neck cancer, OC, andNSCLC,
whereas the prognostic impact of CRYAB was not statistically
significant in BC and RCC. Therefore, larger-scale prospective
studies using standardizedmethodologies are needed to assess the
prognostic effect of CRYAB in BC and RCC.
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