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Spleen tyrosine kinase (Syk) is an intracellular receptor protein kinase involved in cell
proliferation, differentiation and phagocytosis. Syk expression has been reported in
cell lines of epithelial origin. The strong expression of Syk in mammary gland prompt-
ed research into its potential role in mammary carcinogenesis. Fresh Biopsy samples
were collected from different hospitals of Pakistan. Single stranded conformational
polymorphism and Semi quantitative reverse transcriptase polymerase chain reac-
tion was used to investigate somatic mutations and expression alterations in twen-
ty five breast cancer tumor tissues along with their adjacent normal control tissue.
Statistical analysis was performed to explore Syk association with breast cancer risk.
In the present study, DNA from tumor tissue was analyzed and mutations in the cod-
ing sequence and intronic sequence spanning the exonic region of the Syk gene were
identified. Sequence analysis revealed two missense: g61096G>A, g65967G>A,
one frame shift: g87413insA and one silent mutation g42841G>A in exonic region
while nucleotide variations were also observed in intronic region including one splice
site mutation. These mutations in Syk are first time being reported in breast can-
cer. In addition, this study also revealed that Syk mRNA expression was markedly
reduced in tissues of breast cancer compared to their adjacent normal control tissue.

Key words: breast cancer, spleen tyrosine kinase, reverse transcriptase PCR,
somatic mutations.

Introduction

Spleen tyrosine kinase (Syk) is a member of the non-
receptor protein tyrosine kinase family Syk/ZAP-70,
which is widely expressed in hematopoietic cells [1].
It is activated upon the binding of its tandem Src ho-
mology 2 (SH2) domains to immunoreceptor tyrosine-
based activation motif (ITAM) within the receptor. This
activation plays an essential role in lymphocyte acti-
vation and development of immune cells [2]. Initial-
ly, Syk was believed to be expressed only in hematopoi-
etic cells, but now it has also been reported to express
in non-hematopoietic cells such as epithelial cells, he-
patocytes, fibroblasts, neuronal cells, and breast tis-
sue [3]. It is involved in mediating diverse cellular re-

sponses such as proliferation, differentiation and
phagocytosis [4].

Expression of Syk has been reported in cell lines of ep-
ithelial origin. Syk is considered to be a good tumor sup-
pressor compared with other tyrosine kinases [5]. Stud-
ies have indicated that Syk expression varies in breast
tissues. Most importantly its role in tumor suppression
in breast cancer has been well reported. Syk is mostly
expressed in normal breast tissue of humans, benign tu-
mors and low grade cancer cels. Syk mRNA and pro-
tein expression have been reported to be downregulated
or lost in invasive breast cancer [6].

The tumor suppressive activity of Syk is caused by
simultaneous enhancement of cell-cell interactions and
decreasing cellular motility [7]. In its aberrant form,
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it is believed to result in abnormal mitotic progression
and cell death [8-10].

The cause of loss of Syk expression in invasive breast
cancer has remained unclear. Hypermethylation
of CpG islands of the Syk gene promoter region can
be one of the major causes of oncogenesis [11, 12]. In
normal breast cells, full length Syk protein is expressed,
which due to hypermethylation of the Syk promoter,
loses normal expression and results in a shorter survival
time. Overexpression of a kinase-deficient Syk mutant
in a Syk-positive breast cancer cell line causes enhanced
tumor growth [5], indicating the role of kinase domain
in tumor suppression.

The present study has been planned to determine
Syk mRNA expression in patients suffering from breast
cancer. Both breast cancer and its adjacent normal con-
trol tissue (ANCT) were collected and semi quantita-
tive reverse transcriptase-PCR was carried out. Ex-
pression was correlated with clinicopathological
parameters of the sampled patients. Somatic mutations
in these tissues were studied by PCR-SSCP method.

Material and methods

Tissue samples

Twenty five tumor samples with patient-matched
normal epithelium were obtained at the time of sur-
gical resection at the Pakistan Institute of Medical Sci-
ences, Islamabad, Military Hospital Rawalpindi and
Allied Hospital Faisalabad. Both tumor tissues and
ANCT were verified histologically. These samples had
been obtained after receiving informed consent from
the patients according to a reviewed and approved pro-
tocol by the respective hospitals and CIIT departmental
ethical committee. Resected tissues were collected in
RNA later on and were stored at –80°C until further
use. Clinicopathological data were collected from
each patient’s histopathology report.

Mutational analysis

To detect the mutations in the Syk gene, fifteen sets
of primers were used to amplify the entire coding re-
gion (exons 1–16) of the Syk gene as described previ-
ously [5]. Genomic DNA was extracted from tumor
as well as ANCT tissue using phenol chloroformmethod
[13, 14].

Each PCR was performed in 10 µl reaction mixture
containing approximately 20 ng DNA (2 µl), 10 mM
of the specific primer (1.5 µl) and 5 µl of PCR master
mix (Fermentas). Amplification was carried out with
initial denaturation at 95°C for 5 min, followed by
35 cycles of denaturation at 95°C for 45 s, annealing
temperature for 45 s and 72°C for 45 s with final ex-
tension at 72°C for 7 min.

PCR products were resolved on 2% agarose gel and
analyzed. PCR-single stranded conformation poly-

morphism (SSCP) followed by DNA sequence analy-
sis was performed to detect any sequence variations.

Sequencing results were analyzed by BioEdit soft-
ware version 8.

mRNA expression analysis

The expression levels of Syk mRNA were examined
in twenty five breast tumor tissues along with their ad-
jacent normal control tissues, and RNA was isolated
from human breast tissue as described previously [15].

Extracted RNA was reverse transcribed to synthe-
size cDNA using SuperScript III First Strand cDNA
synthesis kit (Invitrogen) according to the manufac-
turer’s instructions. Synthesized cDNA was amplified
for Syk gene using primers designed with primer blast
software. The sequence of primer used for analysis of
Syk mRNA expression was (forward) CCACTGTG-
GCCAGCACGAGG and (reverse) GATGC-
CACCAGGGCAGCCTG. The primers were checked
to avoid amplification of non-specific products. PCR
reactions were carried out in the final volume of 10 µl
of reaction mixture consisting of 2 µl cDNA, 5 µl PCR
master mix (fermentas), 1 µl primer forward and 1 µl
primer reverse. The reaction mixture was submitted to
initial denaturation at 94°C for 2 min, followed by 30
rounds of amplification at 94°C (15 s) for denaturation,
65°C (30 s) for annealing, and 72°C (1 min) for ex-
tension, with final extension at 72°C for 2 min. House-
keeping gene GAPDHwas used as an internal control.
Amplified products were analyzed on 2% agarose gel.

Statistical analysis

Expression of the Syk gene was correlated with
histopathological results by Fisher’s Exact test using
statistical analysis software Graph pad Prism.

Results

Mutational analysis

To investigate the possible role of mutations in
the Syk gene for downregulation of its expression in
breast tumor samples, genomic DNAwas analyzed by
PCR-SSCP analysis. Sequencing results confirmed se-
quence variations in exon 5, 7, 10, and 15 (Fig. 1) and
predicted change and type of genetic variations are men-
tioned in Table I. Intronic variations were also detect-
ed in intron 1-2, 9-10, 14-14’15’-16&16 (Fig. 2 and
Table II).

mRNA expression analysis

Uniform expression of GAPDH was observed in all
control and breast tissue samples (Fig. 3A). Uniform ex-
pression of Syk was observed in all control breast tissues.
However, the Syk expression was related to the stage
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of breast cancer as indicated in Fig. 3B. Syk andGAPDH
expression was the same in control breast tissues.

Downregulation of Syk expression was not detect-
ed in stage I tumor samples as compared with controls,
but samples of stage II and stage III showed down-
regulation of Syk in comparison with its expression in
the adjacent normal control tissue.

Expression of the Syk gene with respect
to clinicopathological parameters

Correlation of the Syk gene expression in clinico-
pathologically classified normal and tumor tissues was
also determined using Fisher’s Exact test (Table III).
Patients with Grade III and stage III tumor have sta-

tistically significant p-value (0.013*) for the loss
of expression as compared with normal expression
of the Syk gene. Invasive ductal carcinoma; 15 (15) pa-
tients (p-value = 0.002**), with tumor size > 2< 5;
9 (9) patients (p-value= 0.0294*); and>5 cm; 11 (11)
patients (p-value = 0.0001****), also showed statis-
tically significant values for the loss of expression as com-
pared with normal expression of the Syk gene.

Discussion

In order to assess the role of Syk in breast cancer pa-
tients among the Pakistani population, this preliminary
research project studied mutational as well as expres-
sional analysis of this gene in 25 breast cancer tissues.

B
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Fig. 1. Nucleotide sequences of a fragment of Syk of exon 5 (A), exon 7 (B), exon 10 (C) and exon 15’(D). The first
three images show the transition from G>A resulting in amino acid change Gln>Gln (A) and Asp>Asn (B ,C) and
frame shift mutation given in D

Table I. Sequencing results of exon variants of the Syk gene

REPORTED AND NOVEL EXONIC VARIANTS IDENTIFICATION IN SYK GENE FUNCTION
EXON CHANGE IN NUCLEOTIDE CODON TYPE OF MUTATION

5 G>A (rs35758162) CAG>CAA Gln>GlnSilent
7 G>A GAC>AAC Asp>AsnMissense
10 (insertion of A) Frameshift
15’ G>A GAT>AAT Asp>AsnMissense
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Table II. Sequencing results of intronic variants of the Syk gene

REPORTED AND NOVEL INTRONIC VARIANTS IDENTIFICATION IN SYK GENE FUNCTION
INTRON CHANGE IN NUCLEOTIDE TYPE OF MUTATION

1-2 A>C ,G>C, insertion of T –
9-10 GC>AG splice site mutation
14-14’ A>T, insertion of C (rs1760132) –
15’-16 C>T –
16 A>T (rs158689) –

Four genetic variants in exonic region and 5 in in-
tronic regions were found. Among these nine variants;
three have already been reported in the SNP database
(http://www.ncbi.nlm.nih.gov/snp), and one has been
reported in cosmic somatic mutation database

(http://www.sanger.ac.uk/genetics/CGP/cosmic/). Vari-
ants found in exonic regions represented the gene part
involved in encoding SH2 domains, interdomain B re-
gion and kinase domain of the Syk protein. Silent mu-
tation in exon 5 (rs35758162) falls in first SH2 domain

FE
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I

Fig. 2.Nucleotide sequences of a fragment of Syk of intron
1-2 A>C, G>C and insertion of T (E), intron 9-10 A>G
and G>C (F), intron 14-14’ A>T and insertion of C (G),
intron 15’16 C>T (H) and intron 16 A>T (I)
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Table III. Correlation between the expression of Syk and clinical classification of breast cancer

VARIABLES NORMAL SYK EXPRESSION LOW SYK EXPRESSION P-VALUE

age (years)
≤ 25 1 (1) 0 (1) 1.000
≤ 50 3 (14) 11 (14) 0.236
≤ 75 1 (10) 9 (10) 0.140

grade
I 5 (5) 0 (5) 0.181
II 1 (8) 7 (8) 0.282
III 0 (12) 12 (12) 0.013*

stage
I 5 (5) 0 (5) 0.181
II 1 (8) 7 (8) 0.282
III 0 (12) 12 (12) 0.013*

type of carcinoma
invasive ductal 0 (15) 15 (15) 0.002**
invasive lobular 2 (4) 2 (4) 1.000
medullary 2 (3) 1 (3) 1.000
others 1 (3) 2 (3) 1.000

tumor size
≤ 2 cm 5 (5) 0 (5) 0.1810
> 2 cm and < 5 cm 0 (9) 9 (9) 0.0294*
≥ 5 cm 0 (11) 11 (11) 0.0294**

*represents significant value

region and no change in amino acid sequence occurred
(CAG>CAA; Gln>Gln). Missense mutation in exon
7 GAC>AAC falls in second SH2 domain, changing
amino acid aspartic acid to asparagine. This mutation
at position 219 amino acid may affect structural stability
because the conversion of aspartic acid to asparagine may
alter conformation due to the negative charge.

Frame shift mutation (insertion of A) in exon 10 falls
in interdomain B region. Interdomain B region encoded
by amino acids from 261 to 376, 290 position is close
to tyrosine at position 296, which is important for phos-

phorylation. Interdomain B has putative autophos-
phorylation sites also at position 323, 348 and 352. This
linker segment acts as a docking region that provides
phosphotyrosyl residues for binding to SH2 domains
of other signaling molecules [3]. Missense mutation in
exon 15’ (COSM48799) falls in kinase domain
(GAT>AAT) at position 603 and was adjacent to ty-
rosine at position 602 as important tyrosine residues
for phosphorylation.

Although Syk has been identified as a potent mod-
ulator of breast epithelial cell growth, its role in breast

Fig. 3. Agarose gel (2%) electrophoresis image showing GAPDH mRNA expression in control tissue and tumor tissue
(A). Syk mRNA expression in control tissue and Syk mRNA expression in tumor tissue (B) detected by semi quantitative
RT-PCR. Image B indicates downregulation or partially lost mRNA expression of Syk in tumor tissues as compared
with controls. T indicates breast cancer samples and N indicates control tissue. The Syk gene RT-PCR products
normalized to the level of GAPDH mRNA
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cancer progression and metastasis still needs to be elu-
cidated [21]. In the absence of any reported genetic vari-
ations in somatic breast cancer patients, the role of these
genetic changes remains as a question mark and de-
tailed studies with a larger set of data is required be-
fore making any conclusion regarding these changes.
Nevertheless, these changes emphasize the role
of the Syk gene in the pathogenesis of breast cancer and
need to be further explored.

The results from the current data indicated down-
regulation of the Syk gene in breast tissues. Additional-
ly, the inverse relationship of SykmRNA expression with
stages of breast cancer was also observed. Stage I tumor
samples did not show any detectable loss of expression
as compared with normal control (from normal epithe-
lium) but partial to complete loss of expressionwas found
in stage II and stage III (p-value = 0.013) samples.
The common type of carcinomawas invasive ductal car-
cinoma, all patientswith invasive ductal carcinoma showed
loss of expression of the Syk gene (highly significant
p-value of 0.002**) and was in either stage II or stage
III. Thus, it is possible that the Syk expression is lost pro-
gressively during the development of breast cancer.

Earlier studies have shown that loss of expression
of Syk is associated with increased mammary tumor in-
vasiveness and metastasis [6]. It has also been report-
ed that Syk mRNA was downregulated (measured by
quantitative reverse transcriptase-PCR) at least 2-fold
in 30% of breast tumors, and the downregulation was
associated with a poorer prognosis [19]. Previous stud-
ies have also indicated the epigenetic inactivation
of the Syk gene in breast tumors, supporting its role
in metastasis suppression [11]. Further studies with
a larger number of clinical samples will provide a bet-
ter insight, which may correlate with different etiological
factors and clinicopathological parameters.

All authors would like to acknowledge COMSATS In-
stitute of Information and Technology, Islamabad, Pakistan
for assisting this research. We would also express deep thanks
to all the individuals and institutes that participated in this
study.

Authors declare that there is no conflict of interest.

References
1. Elkak AE, Sarakbi AL, Mokbel K. SYK expression in human
breast cancer. J Carcinog 2005; 4-7.

2. Wang L, Duke L, Zhang PS, et al. Alternative splicing disrupts
a nuclear localization signal in spleen tyrosine kinase that is re-
quired for invasion suppression in breast cancer. Cancer Res 2003;
63: 4724-4730.

3. Sada K, Takano T, Yanagi S, et al. Structure and function of pro-
tein-tyrosine kinase. J Biochem 2001; 130: 177-186.

4. Indik ZK, Park JG, Pan, et al. Induction of phagocytosis by a pro-
tein tyrosine kinase. Blood 1995; 1175-1180.

5. Ogane S, Onda T, Takano N, et al. Spleen tyrosine kinase as
a novel candidate tumor suppressor gene for human oral squa-
mous cell carcinoma. Int J Cancer 2009; 124: 2651-2657.
Coopman,

6. PJP, DoMTH, BarthM, et al. The Syk tyrosine kinase suppresses
malignant growth of human breast cancer cells. Nature 2000;
406: 742-747.

7. Zhang X, Shrikhande U, Alicie BM, et al. Role of the protein
tyrosine kinase Syk in regulating cell-cell adhesion and motil-
ity in breast cancer cells. Mol Cancer Res 2009; 7: 634-644.

8. Bailet O, Fenouille N, Abbe P, et al. Spleen tyrosine kinase func-
tions as a tumor suppressor in melanoma cells by inducing senes-
cence-like growth arrest. Cancer Res 2009; 69: 2748-2756.

9. Moroni M, Soldatenkov V, Zhang L, et al. Progressive loss of Syk
and abnormal proliferation in breast cancer cells. Cancer Res 2004;
64: 7346-7354.

10. Zyss D, Montcourrier P, Vidal B, et al. The Syk tyrosine kinase
localizes to the centrosomes and negatively affects mitotic pro-
gression. Cancer Res 2005; 65: 10872-10880.

11. Yuan Y, Mendez R, Sahin A, Dai JL. Hypermethylation leads
to silencing of the SYK gene in human breast cancer. Cancer
Res 2001; 61: 5558-5561.

12. Jones PA, Laird PW. Cancer epigenetics comes of age. Nat Genet
1995; 21: 163-167.

13. Nosheen M, Ishrat M, Malik FA, et al. Association of GSTM1
and GSTT1 gene deletions with risk of head and neck cancer
in Pakistan: A case control study. Asian Pacific J Cancer Prev
2010, 11: 881-885.

14. Masood N, Kayani MA, Malik FA, et al. Genetic variations in
carcinogen metabolizing genes associated with oral cancer in Pak-
istani population. Asian Pacific J Cancer Prev 2011; 12: 1-5.

15. Masood N, Malik FA, Kayani MA. Expression of xenobiotic me-
tabolizing genes in head and neck cancer tissues. Asian Pac J Can-
cer Prev 2011; 12: 377-382.

16. Filippakopoulos P, Muller S, Kanpp S. SH2 domains: modula-
tors of non receptor tyrosine kinase activity. Curr Opin Struct
Biol 2009; 19: 643-649.

17. Kurosaki T. Molecular mechanisms in B cell antigen receptor
signalling. Curr Opin Immunol 1997; 9: 309-318.

18. Zhang J, Kimura T, Siraganian RP. Mutations in the activation
loop tyrosines of protein tyrosine kinase Syk abrogate intracel-
lular signaling but not kinase activity. J Immunol 1998; 161:
4366-4374.

19. Toyama T, Iwase H, Yamashita H, et al. Reduced expression
of the Syk gene is correlated with poor prognosis in human breast
cancer. Cancer Lett 2003; 189: 97-102.

20. Repana K, Papazisis K, Foukas P, et al. Expression of Syk in in-
vasive breast cancer: correlation to proliferation and invasive-
ness. Anticancer Res 2006; 26: 4949-4954.

21. Stewart ZA, Pietenpol JA. Syk: a new player in the field of breast
cancer. Breast Cancer Res 2001; 3: 5-7.

Address for correspondence
Uzma Inayat
Department of Biosciences
COMSATS Institute of Information Technology
Park Road, Chak Shahzad
Islamabad, Pakistan
e-mail: uznamalik87@hotmail.com

SPLEEN TYROSINE KINASE GENE IN BREAST CANCER


