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Cyfip1 is downregulated in acute lymphoblastic leukemia
and may be a potential biomarker in acute
lymphoblastic leukemia
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Abstract The aim of the present study was to analyze the
expression of Cyfip1 in acute lymphoblastic leukemia
(ALL) and its correlations with clinical pathologic features.
A total of 86 ALL samples and 32 normal peripheral blood
lymphocyte (PBL) samples were enrolled in our study. mRNA
expression of the Cyfip1 was assessed by real-time fluorescent
relatively quantitative PCR, and Cyfip1 protein expression
was evaluated by Western blot analysis. As a result, both
mRNA and protein expression levels of Cyfip1 were signifi-
cantly lower in ALL patients than those in the control samples
(P=0.025 and 0.000, respectively). Moreover, both mRNA
and protein expression of both had an inverse relation with
lymph node metastasis (P=0.015 and 0.007, respectively), In
conclusion, detecting mRNA and protein expression of
Cyfip1 could provide clinically significant information rele-
vant to diagnosis, progression, and treatment modalities for
ALL, and Cyfip1 may serve as a potential biomarker for di-
agnosis and prognosis in ALL.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common
malignancy which mainly affects children between 2 and
5 years old. According the reports and statistics, it affects
approximately 1–4.75 individuals per 100,000 worldwide [1,
2]. European countries and North America and the Caribbean
countries such as Switzerland, Italy, Costa Rica and United
States occupy the highest incidence of ALL [3]. The present
high incidence and mortality rate of ALL make a harmful
effect on people’s living standard and survival quality. Al-
though its 5-year survival rate has improved to approximately
90 % and a majority of children can be cured in recent years,
the prognosis of infants and children remains poor [4].

The etiology of ALL has been considered complicat-
ed and multifactorial, including exogenous or endoge-
nous exposures, environment factors, and genetic sus-
ceptibility. The occurrence of ALL is intricate and mul-
tistep with various genetic alterations, including activa-
tion of oncogene and inactivation of tumor suppressor
genes (TSG). In recent years, TSG have been consid-
ered playing an important role in the development of
ALL [5]. TSG prevent the tumor growth and progres-
sion by stopping cell proliferation, inducing cell apopto-
sis, allowing adhesion-independent cell survival, and
promoting the normal differentiated state of a tissue.
Cancer growth and progression are partly caused by
suppressing or deleting the expression of TSG. It is
likely that the human genome has some undiscovered
TSG that may be a major goal of cancer research, as
the TSG may become new drug targets.
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With the goal in mind, Silva et al. applied RNAi to
target genes found in chromosomes regions that frequently
deleted in tumors [6]. They studied the regions of deletion that
contained unknown TSGs in hopes of finding new ones. Of 29
new genes tested, they found that Cyfip1 was implicated in
normal epithelial morphology, and they concluded that Cyfip1
was a potential tumor suppressor gene that regulates invasive
behavior [6]. So far, the literatures on the function of Cyfip1 as
a TSG are rare. Furthermore, Cyfip1 as a TSG is only linked
with a few cancers including breast cancer, lung cancer, colon
cancer, and bladder cancer [6]. To determinate whether there
is a similar phenomenon in ALL, in the present study, we
explore the mRNA expression of Cyfip1 in ALL and its cor-
relation with clinical pathologic features.

Materials and methods

Patients and samples

All bone marrow samples were extracted from ALL
patients who presented to Hematology Department of
the First Affiliated Hospital of Guangxi Medical Univer-
sity (Nanning City, Guangxi Zhuang Autonomous Re-
gion, and China) during the period of September 1st
2011 to March 31st 2014. A total of 86 ALL patients
were regarded as experimental group. In addition, 32
non-ALL patients were enrolled as control group. The
diagnosis for ALL was established by internationally
recognized criterion including morphology, histopatholo-
gy, expression of leukocyte differentiation antigens, and
the French American British (FAB) classification. Writ-
ten consent was derived from patients and protocol was
also approved by ethics committee of the First Affiliated
Hospital of Guangxi Medical University.

Cyfip1 mRNA transcript expression

Real-time fluorescent relatively quantitative PCR analy-
sis was used to detect the Cyfip1 expression level in
ALL patients. The total RNA was extracted from bone
marrow samples, and cDNA was synthesized by each
RNA. The primer sequence of both target gene
(Cyfip1) and housekeeping gene (18S) was originally
derived from the published literatures. The specific

sequence of corresponding primes was shown in
Table 1. The present PCR reactions containing SYBR
green dye were conducted and amplified in Corbett
real-time PCR machine (Roche Diagnostics, USA). The
20-ul reaction mix consisted of 10-μl SYBR Green real-
time PCR Master Mix, 2-μl cDNA, 2-μl ROX Refer-
ence Dye, 0.6-μl forward primer, 0.6-μl reverse primer,
and 4.8-μl deionizer water. We make the above 20-ul
reaction mix system in centrifuge for 3500 turns of
30 s. And then PCR reaction was performed in
ABI7500. The PCR procedure was conducted as follow-
ing steps: 10 min at 95 °C as pre-temperature, and then
followed by 45 cycles of 5 s at 95 °C, 15 s of 60 °C, and 20 s
of 72 °C. 18S gene was applied as an internal control and
calculated to obtain the adjusted cycle threshold (ΔCT) value
for expression level of Cyfip1 gene. The calculation method
for calculating the adjusted CT value is the relative expression
of Cyfip1=2−ΔCT. ΔCT=CT value Cyfip1−CT value of 18S.
The specific method for calculating relative expression level
of tumor suppressor gene could be referenced in previous
published literature [5].

Western blot analysis of Cyfip1 protein

The corresponding protein was separated by 10–12 %
SDS-PAGE and transferred by membrane of PVDF. The
acquisition of protein was dependent on 2× SDS sample
buffer, including 4 % SDS, 10 % glycine, 10 mM
EDTA, and 100 mM Tris-HCl (pH 6.8). The sample
or protein should be incubated with specific primary
antibodies overnight at four temperature levels. And
then, it should be incubated with secondary antibodies
for two hours. The following products were used in the
present study: anti-Cyfip1 (ProteinTech Group) and anti-
GAPDH (Proteintech Group, Inc., Cat# 10494-1-AP, di-
lution 1:100,000). Quantity One imaging software was
applied to detect the band density of the corresponding
protein.

Table 1 Comparison of Cyfip1 mRNA expression in ALL and normal
PBLs

Comparison Number Cyfip1 mRNA (△CT) 2−△△CT P

non-ALL 32 3.15 ± 1.68 0.16 0.025
ALL 86 5.26 ± 2.43 Fig. 1 The Cyfip1 mRNA relative expression level of ALL tissues and

normal PBL samples
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Statistical analysis

All relevant statistical analyses were computed by the soft-
ware of SPSS 20.0. Data were expressed as mean ± SD.
P<0.05 was considered statistically significant.

Results

Cyfip1 mRNA transcript expression

The Cyfip1 mRNA relative expression level of ALL and
normal PBL samples were shown in Fig. 1. We found
that the Cyfip1 mRNA expression level of ALL patients
was significantly lower than that of non-ALL patients
(P= 0.025). Furthermore, the Cyfip1 mRNA expression
level of ALL patients was just 0.16 times of that the
non-ALL patients. The detailed information about
Cyfip1 mRNA expression level of ALL patients was
summarized in Table 1. Based on the clinical data, we
made classification for ALL patients. These clinical data
consisted of age, gender, type of ALL patients, and

lymph node metastasis. Consequently, significant differ-
ences were found in both type of ALL patients and
lymph node metastasis. The detailed information about
the relationship between Cyfip1 mRNA expression level
and clinical data was summarized in Table 2.

Western blot analysis of Cyfip1 protein

The Cyfip1 protein expression of ALL patients and non-ALL
patients was shown in Table 3. The expression of Cyfip1
protein was detected by Western blot in ALL tissues and nor-
mal PBL samples (Fig. 2). However, it was found only in 27
of the 86 ALL patients. In particular, a very faint Cyfip1 band
could be detected in 18 of the 86 ALL patients only after a
very long exposure of the blot. The 27 ALL samples showed
robust expression of Cyfip1 protein that was alike in signal
strength to the normal PBL samples. Almost the sample
amount of Cyfip1 protein was loaded. The specific expression
status of Cyfip1 protein in ALL patients and non-ALL pa-
tients were shown in Table 3. Furthermore, the detailed

Table 2 The comparison of Cyfip1 mRNA expression in ALL by
classification based on clinical feature

Clinical feature Number of patients
X � S

P

Type of ALL patients

NDP 72 5.65 ± 2.94 0.068
CRP 26 4.39 ± 2.51

RP 14 5.75 ± 2.48

Lymph node metastasis

Yes 57 7.55 ± 2.35 0.015
No 29 4.99 ± 2.06

Gender

Male 58 5.25 ± 2.74 0.826
Female 28 5.38 ± 2.82

Age

≤10 41 5.32 ± 2.18 0.652
10∼ 15 21 5.16 ± 2.44

≥15 24 4.78 ± 1.99

NDP newly diagnosed patients, CDP completely remission patients, RP
relapse patients

Table 3 Comparison of Cyfip1 protein expression in ALL and normal
PBLs

Comparison Number Expression X 2 P

Positive Negative

ALL 86 25 51 40.7 0
normal PBL 32 32 0

Fig. 2 The expression of Cyfip1 protein by Western blot in ALL tissues
and normal PBL samples

Table 4 The comparison of Cyfip1 mRNA expression in ALL by
classification based on clinical feature

Clinical feature Positive rate (%) P

Type of ALL patients

NDP 32.61 (15/46) 0.126
CRP 23.08 (6/26)

RP 28.57 (4/14)

Lymph node metastasis

Yes 40.54 (15/37) 0.007
No 20.41 (10/49)

Gender

Male 30.95 (13/42) 0.544
Female 27.27 (12/44)

Age

≤10 24.56 (14/57) 0.219
10∼ 15 16.13 (5/31)

≥15 25.00 (6/24)

NDP newly diagnosed patients, CDP completely remission patients, RP
relapse patients
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information about the relationship between Cyfip1 mRNA
expression level and clinical data was summarized in
Table 4. We found that reduced expression of Cyfip1 protein
was significantly associated with lymph node metastasis of
ALL.

Discussions

In recent years, more and more scientists focus their attention
on genetic mechanism of ALL in order to control and prevent
relatively high mobility and mortality of ALL. And it is wide-
ly accepted that tumor suppressor genes play an important role
in tumor development. Cyfip1 is a new tumor suppressor gene
which has been found reduced expression in several tumor
types. Therefore, we think it is necessary to discuss whether
there is a similar phenomenon in ALL. To the best of our
knowledge, this is the first study that investigates the Cyfip1
expression in ALL.

In the present study, we found that the decreased expres-
sion of Cyfip1 mRNA and protein was significantly associat-
ed with the occurrence and lymph node metastasis of ALL. To
some extent, the current study supports the viewpoint that
Cyfip1 is a tumor suppressor gene and it may play an impor-
tant role in the occurrence and development of ALL. It was
reported that 59 % colon cancer, 63 % lung cancer, 31 %
breast cancer, and 24 % bladder cancer showed negative
Cyfip1 expression [6]. Our study shows 40.7 % (25/86)
Cyfip1 negative expression, which does not have too much
difference compared with previous studies.

Other tumor suppressor genes also show similar expression
status in ALL such as WWOX, FHIT, and P73. These genes
show altered or absent expression in 21–69 % cases of ALL,
which is close to our results [4, 7].

Several limitations should be paid attrition to. Firstly, the
present study methods consisting of real-time fluorescent rel-
atively quantitative PCR and Western blot are not complete
and sufficient. Immunohistochemistry is a good method, and

we think it should be applied to investigate Cyfip1 protein
expression in the next step, which contributes to make our
result more reliable. Secondly, the present study only investi-
gates the Cyfip1 expression in mRNA and protein. Although
we have detected the reduced expression of Cyfip1 in ALL, its
reduced mechanism remains unknown. Thus, several mecha-
nisms such as DNA methylation, loss of heterozygosity, and
point mutations should be explored in the future.

We conclude that decreased expression of Cyfip1 is asso-
ciated with the occurrence and development of ALL, suggest-
ing that Cyfip1 may serve as a potential biomarker for diag-
nosis and prognosis in ALL.

Compliance with ethical standards Written consent was derived from
patients, and protocol was also approved by ethics committee of the First
Affiliated Hospital of Guangxi Medical University.
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