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Alpha B-crystallin correlates with poor survival in 
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Abstract: Alpha B-crystallin (CRYAB) is primarily found as major structural proteins of the ocular lens and is a prin-
cipal member of the small heat shock protein (HSP) family. So far, CRYAB has been suggested to play critical roles 
in the development of several kinds of human cancers. However, the association between CRYAB expression and 
clinicopathological characteristics of colorectal cancer (CRC) has not been elucidated yet. In the present study, one-
step quantitative PCR reverse transcription-polymerase chain reaction (qPCR) analysis of 18 samples of CRC and 
immunohistochemistry (IHC) analysis with 100 cases of CRC sample in tissue microarrays (TMA) were employed to 
evaluate the expression of CRYAB in CRC. The results suggested that CRYAB expression in the mRNA and protein 
levels was significantly higher in CRC tissues than in corresponding non-cancerous tissues (P < 0.05 and P = 0.014, 
respectively). The expression of CRYAB protein in CRC was significantly associated with distant metastasis (P = 
0.040) and overall survival (P = 0.003). Kaplan-Meier method and multivariate survival analysis indicated that high 
expression of CRYAB (P = 0.040) and distant metastasis (P = 0.005) showed significant correlations with poor prog-
nosis of CRC patients. The data imply that CRYAB expression is correlated with substantial clinical characteristics of 
CRC, and it may be identified as an unfavorable prognostic factor for CRC.
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Introduction 

Colorectal cancer (CRC) is third most prevalent 
cancer worldwide and the fourth of the leading 
causes of cancer mortality globally, accounting 
for almost 8% of all cancer deaths [1, 2]. 
Although the incidence of CRC in China is rela-
tively lower than that in western countries, it 
has been increasing rapidly in recent years, 
particularly in developed regions [3, 4]. It is 
estimated that 25% of CRC patients experi-
enced distant metastases and more than 50% 
of those with earlier-stage presentations devel-
oped metastatic disease [5, 6]. As a result, the 
CRC patients with metastasis encountered a 
dismal prognosis, with a 5-year survival rate of 
approximately 10% [7]. Over the last two 
decades, despite numerous therapeutic modal-
ities for CRC treatment developed remarkably, 

including surgical resection, standard chemo-
therapy and adjuvant therapies, recurrence and 
metastasis remain the two most challenging 
problems in clinic and the overall survival rates 
of CRC patients stay disappointing [8]. Since 
accurate prognosis is essential for selecting the 
most effective treatment, considerable inter-
ests have been created in identifying factors 
that influence the prognosis of CRC patients. 
For now, the most widely studied prognostic 
factors are generally related to the pathological 
attributes of CRC, including tumor size, differen-
tiation grade, TNM stage, and metastasis sta-
tus [9]. However, these currently used predic-
tors only provide broad categorization of risk 
and fail to exclusively identify biological charac-
teristics of CRC patients. Hence, it is critical to 
screen novel and specific molecular biomarkers 
to stratify patients’ outcomes, which would be 
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helpful in the formulation of therapeutic strate-
gies and further improvement of patients’ sur-
vival in CRC.

Alpha B-crystallin (CRYAB) is primarily found as 
major structural proteins of the ocular lens and 
is a principal member of the small heat shock 
protein (HSP) family [10]. It is widely accepted 
that CRYAB acts as a molecular chaperone by 
preventing the aggregation of denatured pro-
teins after the exposure to stresses including 
heat shock, radiation, and oxidative stress [11]. 
In addition to being a molecular chaperone, 
CRYAB is suggested to play important role in 
apoptosis inhibition, cellular protection, and 
proteasomal interactions [12]. Until recently, 
the importance of CRYAB in cancer develop-
ment has drawn great attention and a growing 
number of studies indicate the intricate rela-
tionship between CRYAB expression and vari-
ous human cancers. For instance, increased 
CRYAB expression was detected in mammary 
metaplastic carcinomas and CRYAB overex-
pression promoted brain metastasis in breast 
cancer, while silencing CRYAB inhibited distant 
metastasis [13, 14]. CRYAB regulates apopto-
sis by acting as an anti-apoptotic molecule and 
enhances tumorigenesis by modulating vascu-
lar endothelial growth factor (VEGF) [15]. 
Several studies reported the prognostic role of 
CRYAB in different human cancers and CRYAB 
appeared to be oncogenic [10, 16, 17]. However, 
the relationship between CRYAB expression 

and the clinicalpathological attributes of CRC is 
rarely evaluated. Whether CRYAB also acts 
oncogenically in CRC and whether CRYAB could 
be identified as a valuable biomarker for CRC 
prognosis or other important clinical items, 
related studies are of great importance.

In this present retrospective study, we detected 
the mRNA and protein expression of CRYAB in 
CRC, by using one step quantitative reverse 
transcription-polymerase chain reaction (qPCR) 
test in fresh tumor samples and immunohisto-
chemistry (IHC) analysis in tissue microarray 
(TMA) respectively. The associations of CRYAB 
expression with the clinicopathological param-
eters of CRC, especially prognostic status, were 
further evaluated.

Materials and methods

CRC patient specimens

Formalin-fixed, paraffin-embedded tumor sam-
ples from 100 CRC cases and 94 matched peri-
tumoral tissue specimens were collected in 
CRC patients from the Department of Pathology, 
the Affiliated Hospital of Nantong University 
from 2002 to 2007. All cases were reevaluated 
by two independent pathologists and the final 
decision was made by consensus if a conclu-
sion differed. The original clinical data were col-
lected from hospital medical records, including 
gender, age, tumor size, tumor location, histo-
logical type, tumor differentiation, serum CEA 
level, lymph node metastasis, distant metasta-
sis, as well as TNM stage which was classified 
using the 7th American Joint Committee on 
Cancer (AJCC) staging system for CRC and over-
all survival status. None of the patients received 
radiotherapy, chemotherapy, or immunothera-
py prior to enterectomy. A written informed con-
sent and related pictures were also collected 
from each patient for publication of this pres-
ent research. The study protocol was approved 
by the Human Research Ethics Committee of 
local hospital.

Quantitative real-time polymerase chain reac-
tion (qPCR) analysis

Eighteen fresh CRC cancer tissue samples and 
18 normal tumor-adjacent tissue samples were 
collected from the Department of Pathology, 
Affiliated Cancer Hospital of Nanjing Medical 
University, for qPCR analysis. Total RNA extrac-

Figure 1. One-step quantitative real-time polymerase 
chain reaction (qPCR) was performed to evaluate 
the expression of CRYAB mRNA in colorectal can-
cer (CRC) tissues and matched non-cancerous tis-
sues. Expression of CRYAB mRNA in CRC tissues 
(4.19 ± 0.351) was significantly higher than that of 
in matched tumor adjacent non-cancerous tissues 
(1.16 ± 0.160) (P < 0.05), when normalized to the 
GAPDH internal control. 



CRYAB indicates poor survival of CRC

6058 Int J Clin Exp Pathol 2014;7(9):6056-6063

Figure 2. Representative figures of CRYAB protein expression in colorectal cancer (CRC) tissues and non-cancerous 
tissues by immunohistochemistry (IHC) analysis. A1 and A2. High expression of CRYAB in nucleus of CRC cells. B1 
and B2. High expression of CRYAB in cytoplasm of CRC cells. C1 and C2. Low expression of CRYAB in CRC cells. D1 
and D2. High expression of CRYAB in non-cancerous cells. E1 and E2. Low expression of CRYAB in non-cancerous 
cells. Magnification ×40 in A1, B1, C1, D1 and E1; ×400 in A2, B2, C2, D2 and E2.

tion, quality control, and one-step qRT-PCR an- 
alysis were performed as previously described 
[18]. The primers for CRYAB were as follows: 
forward primer 5’-CTT TGA CCA GTT CTT CGG 
AG-3’ and reverse primer 5’-CCT CAA TCA CAT 
CTC CCA AC-3’. The glyceraldehyde 3-phospha- 
te dehydrogenase (GAPDH) mRNA level was 
employed to standardize the measurements of 
the target gene and the primers for GAPDH 
were as follows: forward primer 5’-TGC ACC ACC 
AAC TGC TTA GC-3’ and reverse primer 3’-GGC 
ATG GAC TGT GGT CAT GAG-5’. Amplification 
conditions consisted of 30 min at 42°C for 
reverse transcription and 2 min at 94°C for Taq 
activation, followed by 35 cycles at 95°C for 20 
s, 56°C for 20 s, and elongation at 72°C for 30 
s. Each measurement was performed in triplic- 
ate.

Tissue microarrays (TMA) construction and 
Immunohistochemistry (IHC) analysis

A total of 100 CRC and 94 normal tumor-adja-
cent tissues were enrolled in this present study. 
TMA was produced by Xinchao Biotech Co., Ltd. 
(Shanghai, China). Core tissue biopsies (2 mm 
in diameter) were taken from individual paraf-
fin-embedded sections and arranged in the 
new recipient paraffin blocks. Tissue microar-
ray was cut into 4-μm sections and placed on 
super frost charged glass microscope slides. 
IHC analysis was performed as previously de- 

scribed [18]. Deparaffinized sections (4 μm 
thick) from array blocks were separately stained 
on an Autostainer Universal Staining System 
(LabVision, Kalamazoo, MI, USA) using mouse 
anti-CRYAB antibody (1:400, Stressgen, Victo- 
ria, Canada). The secondary antibody used was 
horseradish peroxidase-conjugated antibody 
(Dako Cytomation, Carpinteria, CA, USA). 

Blind CRYAB immunostaining observation and 
evaluation were simultaneously performed by 
two independent pathologists. IHC results were 
analyzed according to a previously described 
method [19]. Staining intensity was scored as 
follows: 0 (negative), 1 (weakly positive), 2 (mo- 
derately positive), and 3 (strongly positive). The 
percentage of CRYAB-positive cells was also 
classified into 4 categories, where 1 was given 
for 0-10%, 2 for 11-50%, 3 for 51-80%, and 4 
for 81-100%. The product of the intensity and 
percentage scores gave rise to the final CRYAB 
staining score [18, 19]. The degree of CRYAB 
staining was sorted by a two-level grading sys-
tem, and staining scores were described as fol-
lows: a score below 3 (< 3) suggested low ex- 
pression of CRYAB, while a score above 3 (≥ 3) 
suggested high expression of CRYAB.

Statistical analysis

The CRYAB mRNA expression normalized to 
GAPDH in CRC samples compared with match-
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ing non-cancerous tissue samples was ana-
lyzed with the Wilcoxon non-parametric signed-
rank test. The associations between CRYAB 
expression and clinicopathologic parameters of 
CRC were evaluated with χ2 tests. Survival 
curves were produced using the Kaplan-Meier 

cal items, including gender, age, tumor size, 
tumor location, histological type, tumor differ-
entiation, serum CEA level, lymph node metas-
tasis and TNM stage, were barely associated 
with CRYAB expression (Table 1).

Table 1. Correlation of CRYAB expression with clini-
copathological characteristics of 100 CRC patients

Groups No.
CRYAB

χ2 P value
+ -

Gender
    Male 61 36 25 0.066 0.797
    Female 39 22 17
Age (years)
    ≥ 60 66 37 29 0.300 0.584
    < 60 34 21 13
Tumor size (cm)
    ≥ 5 43 21 22 2.600 0.107
    < 5 57 37 20
Tumor location
    Colon 86 52 34 2.265 0.322
    Rectum 10 5 5
    Ileocecal junction 4 1 3
Histological type
    Adenocarcinoma 97 57 40 1.457 0.483
    Squamous carcinoma 2 1 1
    Spindle cell carcinoma 1 0 1
Tumor differentiation
    Well 4 4 0 2.913 0.233
    Moderately 81 47 34
    Poorly 6 4 2
    Unknown 9 3 6
Serum CEA level (ng/ml)
    ≥ 15 11 7 4 0.332 0.565
    < 15 59 32 27
    Unknown 30 19 11
Lymph node metastasis
    Positive 34 19 15 0.095 0.758
    Negative 66 39 27
Distant metastasis
    Positive 19 15 4 4.225 0.040*
    Negative 81 43 38
TNM stage
    Stage I, II 61 31 30 3.310 0.069
    Stage III, IV 39 27 12
Overall survival
    Alive 59 27 32 8.846 0.003*
    Dead 41 31 10
*P < 0.05.

method. Univariate and multivariate Cox re- 
gression model were performed to detect the 
prognostic elements. For all tests, the signifi-
cance level for statistical analysis was set at P 
< 0.05. All data were analyzed using SPSS 
16.0 (SPSS Inc., Chicago, IL) and STATA 12.0 
(Stata Corporation, College Station, TX).

Results

Evaluation of CRYAB mRNA expression by 
qPCR

Total RNA was extracted from 18 CRC tissues 
and matched tumor adjacent tissues, and 
then subjected to one-step qPCR to determine 
CRYAB mRNA expression. When normalizing 
to GAPDH, the means of CRYAB mRNA in CRC 
tissues and that of the corresponding non-
cancerous tissues were calculated as 4.19 ± 
0.351 and 1.16 ± 0.160, respectively (t = 
7.857, P < 0.05). CRYAB expression in the CRC 
samples was approximately 3.6-fold higher 
than that in matched non-cancerous tissues 
(Figure 1).

Evaluation of CRYAB protein expression by 
IHC

High CRYAB expression was observed in 58 
(58.0%) of the 100 CRC samples compared 
with only 38 (40.4%) of 94 matched normal 
tumor-adjacent tissue samples. The differen- 
ce was statistically significant (χ2 = 5.987, P = 
0.014) according to the χ2 test analysis and 
this result was consistent with the previous 
qPCR test in which elevated CRYAB mRNA 
level was witnessed. As is shown in Figure 2, 
positive IHC staining was mainly localized in 
the cytoplasm and nucleus of CRC cells. 

Association between CRYAB expression and 
clinicopathological characteristics of CRC

The association of high CRYAB expression 
with the clinicopathological characteristics of 
CRC patients is shown in Table 1. High CRYAB 
expression was associated with distant me- 
tastasis (P = 0.040) and overall survival (P = 
0.003). In comparison, other important clini-
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Survival analysis

Based on univariate Cox regression analyses 
concerning potential predictive factors, high 
CRYAB expression (P = 0.011), lymph node 
metastasis (P = 0.001), distant metastasis (P = 
0.001) and tumor TNM stage (P = 0.001) were 
closely involved in the overall survival of 100 
CRC patients. For further confirmation, we com-
pleted multivariate Cox regression and the data 
showed that CRYAB expression (P = 0.040) and 
distant metastasis (P = 0.005) were two inde-
pendent predictors of overall survival (Table 2). 
Kaplan-Meier survival curves in Figure 3 indi-
cated that CRC patients with high CRYAB 
expression and positive distant metastasis 
encountered significantly poor survival time.

Discussion

Crystallins, which are the major structural pro-
teins in lens, are initially categorized into four 
major families: α, β, γ and δ. It is subsequently 

reported that α-, β- and γ-crystallins are found 
in almost all vertebrate lenses [17]. CRYAB is 
one member of α-crystallins which belong to 
HSP family and functions as a molecular chap-
erone to protect proteins from aggregation, 
thereby promoting cell survival [20]. Lately, 
CRYAB has been linked to many biologic char-
acteristics in human cancers and a large num-
ber of studies report various relationships 
between CRYAB expression and different kinds 
of tumors. CRYAB assists apoptosis resistance 
by inhibiting caspase-3 activation and promots 
oncogenic transformation [21]. CRYAB sup-
ports cell migration and invasion and localizes 
to the infiltrative edge of malignant glioblasto-
mas [22]. CRYAB enhances tumorigenesis by 
modulating vascular endothelial growth factor 
(VEGF) and confers anti-VEGF resistance in 
breast cancer [23, 24]. Moreover, several stud-
ies indicates that high expressions of CRYAB 
associates with poor prognosis of cancer 
patients [10, 16, 22, 25-27]. All the above infor-

Table 2. Univariate and multivariate analysis of prognostic factors in 100 CRC patients for overall 
survival

Univariate analysis Multivariate analysis
HR P value 95% CI HR P value 95% CI

CRYAB expression
    High versus Low 2.52 0.011* 1.23-5.14 2.20 0.040* 1.04-4.70
Gender
    Male versus Female 1.51 0.219 0.78-2.92
Age (years)
    ≥ 60 versus < 60 0.87 0.658 0.46-1.64
Tumor size (cm)
    ≥ 5 versus < 5 1.30 0.391 0.71-2.41
Tumor location
    Colon versus Rectum versus Ileocecal junction 0.72 0.418 0.33-1.59
Histological type
    Adenocarcinoma versus Non-adenocarcinoma 1.09 0.934 0.15-7.92
Tumor differentiation
    Well versus Moderately versus Poorly 1.89 0.222 0.68-5.27
Serum CEA level (ng/ml)
    ≥ 15 versus < 15 2.33 0.057 0.98-5.57
Lymph node metastasis
    Positive versus Negative 2.80 0.001* 1.51-5.19 1.67 0.340 0.58-4.80
Distant metastasis
    Positive versus Negative 6.85 0.001* 3.58-13.11 3.77 0.005* 1.48-9.61
TNM stage
    Stage I-II versus Stage III-IV 0.25 0.001* 0.13-0.49 0.73 0.641 0.19-2.80
*P < 0.05.
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mation signify a positive oncogenic characteris-
tic of CRYAB. What is the performance of CRYAB 
in CRC and whether CRYAB could be used as a 
novel biomarker for diagnosis and prognosis in 
CRC, this present study was carried out.

We conducted qPCR test and IHC analysis to 
detect the expression CRYAB with CRC sam-
ples, in mRNA and protein level respectively. 
The results of qPCR test exhibited a statistically 
elevated level of mRNA expression of CRYAB in 
18 fresh CRC tissue samples than that in 
matched non-cancerous tissues. Similarly, the 
data of IHC analysis in TMA with 102 CRC sam-
ples also indicated a higher level of CRYAB pro-
tein expression in CRC comparing to that in 
related non-cancerous tissues. It is clear that 
the results of qPCR and IHC analysis were con-
sistent and hence suggested that CRYAB 
expression played an important role in CRC 
tumorigenesis. In addition, we found that high 
CRYAB protein expression was correlated with 

in which CRYAB showed inhibitory or at least 
irrelevant role in tumor development, such as in 
head and neck squamous cell carcinoma, 
nasopharyngeal carcinoma and lung cancer 
[28-30]. Our present data conflict with these 
studies. In my view, the exact role of CRYAB in 
human cancer is far from known and the char-
acteristic of CRYAB in certain type of tumor 
could be affected by many elements, including 
the differences in the tumor types, antibody ori-
gins, or experiment protocols. 

In conclusion, this study was the first to report 
the expression of CRYAB in CRC and investigate 
the relationship between CRYAB and clinical 
attributes of CRC patients, especially prognosis 
status. Our results indicated that CRYAB may 
be identified as a new prognostic biomarker for 
CRC. Further researches that enroll larger sam-
ples and elucidate the mechanisms of CRYAB 
action are necessary. 

Figure 3. Survival analysis of 100 colorectal cancer (CRC) patients 
by Kaplan-Meier method. A. Overall survival rate in patients with high 
CRYAB expression (green line) was significantly lower than that in pa-
tients with low CRYAB expression (blue line). B. Overall survival rate in 
patients with positive distant metastasis (green line) was significantly 
lower than that in patients with negative distant metastasis (blue line).

certain clinicopathological param-
eters, including distant metastasis 
and overall survival. Our results are 
in line with previous studies which 
reported the expression and char-
acteristic in various types of human 
cancers [10, 16, 25]. 

For survival research, in univariate 
analysis mode, we identified that 
high CRYAB expression, lymph no- 
de metastasis, distant metastasis 
and tumor TNM stage were all sig-
nificantly associated with the over-
all survival CRC patients. Furthe- 
rmore, multivariate analysis was 
executed and the result confirmed 
that CRYAB protein expression and 
distant metastasis could be recog-
nized as two independent prognos-
tic factors for CRC prognosis. Ka- 
plan-Meier curve also showed that 
CRC patients with high CRYAB ex- 
pression and positive distant me- 
tastasis encountered a significant-
ly poorer overall survival. The ab- 
ove data agree with several latest 
studies, which also elucidated the 
predictive role of CRYAB in certain 
cancers [16, 26, 27].

However, a number of studies stat-
ed the opposite function of CRYAB 
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