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Abstract Giant cells tumors of bone (GCTB) are benign
in nature but cause osteolytic destruction with a number
of particular characteristics. These tumors can have
uncertain biological behavior often contain a significant
proportion of highly multinucleated cells, and may show
aggressive behavior. We have studied differential gene
expression in GCTB that may give a better understanding
of their physiopathology, and might be helpful in
prognosis and treatment. Rapid subtractive hybridization

(RaSH) was used to identify and measure novel genes that
appear to be differentially expressed, including KTN1,
NEB, ROCK1, and ZAK using quantitative real-time
polymerase chain reaction (qRT-PCR) and immunohisto-
chemistry in the samples of GCTBs compared to normal
bone tissue. Normal bone was used in the methodology
RaSH for comparison with the GCTB in identification of
differentially expressed genes. Functional annotation indi-
cated that these genes are involved in cellular processes
related to their tumor phenotype. The differential expres-
sion of KTN1, ROCK1, and ZAK was independently
confirmed by qRT-PCR and immunohistochemistry. The
expression of the KTN1 and ROCK1 genes were increased
in samples by qRT-PCR and immunohistochemistry, and
ZAK had reduced expression. Since ZAK have CpG islands
in their promoter region and low expression in tumor
tissue, their methylation pattern was analyzed by MSP-
PCR. The genes identified KTN1, ROCK1, and ZAK may
be responsible for loss of cellular homeostasis in GCTB
since they are responsible for various functions related to
tumorigenesis such as cell migration, cytoskeletal organi-
zation, apoptosis, and cell cycle control and thus may
contribute at some stage in the process of formation and
development of GCTB.
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Introduction

Giant cell tumor of bone (GCTB) is a rare benign lesion
that comprises ∼5% of primary bone tumors [1, 2]. They
can be locally aggressive and destructive with rapid growth
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leading to thinning and rupture of the cortical bone with
invasion of adjacent soft tissues, but without invading and
ulcerating the skin and subcutaneous tissue [3, 4]. Gener-
ally, GCTBs most frequently occur in young adults between
20 and 40 years of age, with a slight predominance in
females. They affect mainly the ends of long bones, and
frequently occur in the distal end of the femur and the
proximal end of the tibia [5–8].

GCTB is characterized by the presence of numerous
osteoclast-like giant cells, and a mononuclear component
that includes proliferating mononuclear stromal cells and
infiltrating macrophages [9–11]. The mononuclear stromal
cell represents the neoplastic component of the tumor,
whereas monocytes represent a minor component of the
mononuclear cell population [10, 12]. There is consensus
among most authors regarding the true histogenesis of these
lesions, with the evidence favoring a mesenchymal and
mononuclear cells as stem cells of GCTB [13].

Despite its benign histological appearance, GCTB has an
unpredictable clinical course [14]. The rate of local
recurrence following surgical curettage is relatively high
at 18–60%, and some occasionally undergo malignant
transformation [15]. Metastasis occurs most commonly to
the lung, variously reported in 1–9% of cases [16]. The
outcome cannot be predicted on the basis of histological or
radiographical criteria. In the absence of a clear histogenetic
origin, GCTB is currently classified among lesions with an
uncertain derivation and named after its peculiar morpho-
logic appearance [14].

A better understanding of the mechanisms underlying
the complex physiopathology of GCTBs, including a
characterization of the gene expression profile and the
functions of the genes involved in this phenomenon, and
the molecular environment that might typify the tumor.
We have investigated the molecular biology character-
istics of GCTB to determine whether a more directed
targeted clinical intervention can be adopted in the
future.

The rapid subtraction hybridization approach (RaSH)
[17] has been used to identify genes involved in tumori-
genesis and the development of GCTBs. Subtraction
hybridization methods are designed to identify the expres-
sion of complementary DNAs (cDNAs) in one of the two
analyzed groups, thereby detecting differentially expressed
messenger RNAs (mRNAs).

Tumorigenesis is a process of accumulation of genetic
and epigenetic abnormalities that lead to cellular dysfunc-
tion and malignant transformation. Epigenetic mechanisms
involving DNA methylation, histone modifications, and
non-coding RNAs regulate and maintain gene expression
states. Similar to genetic mutations, alterations in epigenetic
regulation can lead to uncontrolled cell division, tumor
initiation and growth, and invasiveness and metastasis [18].

The role of DNA methylation in cancer has received much
attention; it is accepted that the methylation of the promoter
region of many genes is associated with gene silencing [19].
The DNA methylation is the addition of a methyl group for
the carbon atom 5′cytosine, present in the dinucleotide CpG,
resulting in the formation of a 5-methylcytosine [20]. The
methyl groups found mainly on the islands of CpGs
promoter regions of genes can influence the changes
between the molecule of DNA and proteins, reducing the
binding affinity between the promoter regions and transcrip-
tion factors through mechanisms involving changes in
chromatin structure or levels of histone acetylation [21].

Thus, our aim has been to identify and characterize
differentially expressed genes in GCTBs compared to normal
bone tissue that may be involved in the molecular biology and
development of the disease, generating insight for the new
prognosis, and treatment and understanding of this tumor.

Materials and methods

Patients and tissues

GCTB tissue samples were obtained from the tumor bank at
The Pio XII Foundation/IBILCE-UNESP, São Paulo,
Brazil. The use of all patient-derived material was approved
by institution’s research ethics board, The Pio XII Founda-
tion—Cancer Hospital Barretos, and informed consent was
obtained individually from the patients. The diagnosis of
GCTB was established by biopsy prior to surgical excision
by pathologists. Tissues were obtained at surgery from
patients undergoing tumor resection. Microdissection was
performed to collect samples.

Fifty-six samples were collected from primary GCTB,
23 fresh frozen samples of GCBT, 24 paraffin-embedded
samples of GCTB, and 9 fresh histologically normal
medullar bone tissue evaluated by a pathologist for
confirmation of any morphological alteration. (Table 1
gives the clinicopathologic features of these tumors).

The study population included 43 patients. Twenty-one
(48%) were male and 22 (52%) female, and the minimum
and maximum ages were 13 and 74 years, respectively,
mean 35.6 years±14.9. Main localizations of the GCTBs
were femur (26%), tibia (21%), and radius (14%). Eight
patients (17%) had recurrence between 11 and 42 months
after surgery and six patients (12, 7%) had metastases
between 1 and 65 months after surgery.

RNA extraction and RT-PCR

Total RNAwas isolated from GCTB tissue and normal tissue
using the TRIzol reagent (solution for extraction of RNA,
Life Technologies, Grand Island, NY) according to the
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manufacturer’s instructions. RNA integrity post-purification
was checked using the Agilent 2100-Bioanalyser, giving a
minimal RIN value of 5.5.

For quantitative real-time PCR (qRT-PCR), ∼5 μg of total
RNA from each sample were used to synthesize cDNAwith a

high-capacity cDNA Archive Kit (Applied Biosystems),
according to the manufacturer’s instructions. The quality of
the cDNAwas checked by PCR of the housekeeping gene, β-
ACTIN. The primer sets were 5′ to 3′ GGCATCGTGATG
GACTCCG and GCTGGAAGGTGGACAGCG. The PCR

Sample Age (years) Sex Anatomic location Recurrence (date) Metastasis (date)

1F 37 M Proximal tibia L No 19 months

2F 41 F Distal radius R No No

3F 24 M Proximal femur L No No

4F/P 52 F Distal femur L No No

5F 17 M Scapula L No No

6F 32 F Olecranon R 11 months No

7F/P 52 M Distal femur L 11 months No

8F/P 74 F Distal femur L 19 months No

9F 35 M Distal femur L No No

10F 33 M Proximal tibia R 20 months No

11F 21 F Proximal tibia R No No

12F 37 F Proximal tibia L No No

13F 13 F a No 41 months

14F/P 28 F Distal femur R 19 months No

15F 19 F Sacrum No No

16F 22 F Distal fibula R No No

17F 16 F Ischium R No No

18F 22 M Distal fibula L No 20 months

19F 27 M Proximal humerus L No No

20F 69 F Occipital No No

21F 24 M Proximal tibia R 22 months No

22F 46 F Distal radius L No No

23F 58 F Hemipelvis R No No

24P 55 M Proximal tíbia L No No

25P 22 F Ischium R No 65 months

26P 57 M Proximal tíbia L 42 months No

27P 34 M Proximal tíbia R No No

28P 24 M Distal radius L No No

29P 27 M Distal femur L No No

30P 51 F Scapula L Yesa 07 months

31P 31 M Wrist R No No

32P 22 F Distal radius R No No

33P 41 M Distal femur L No 01 months

34P 24 F Wrist L No No

35P 41 M Distal femur R No No

36P 55 M Distal radius L No No

37P 41 F Distal radius L No No

38P 35 M Thumb L No No

39P 39 M Proximal fibula L No No

40P 53 M Proximal tibia R No No

41P 38 F Distal femur L No No

42P 19 F Distal fêmur L No No

43P 23 F Forefinger R No No

Table 1 Epidemiological, clinical,
and pathological characteristics
of 23 fresh samples of GCTB and
24 paraffin-embedded samples
of GCTB

F fresh tumor, P paraffin-
embedded tumor, F female,
M male, R right, L left,
a No information was obtained
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products were analyzed by electrophoresis on 1% agarose
gel and stained with ethidium bromide.

Rapid subtractive hybridization

For this methodology, paired samples of the same patient
(2F) were used, a sample of GCTB and a sample of
histologically normal bone tissue. RaSH cDNA libraries
were performed as described previously [17] with mod-
ifications. From the 25 μg total RNA pool, cDNAs were
synthesized and digested with MboI (Invitrogen Life
Technologies) at 37°C for 1 h and extracted with phenol–
chloroform followed by ethanol precipitation. The digested
cDNAs were mixed with 20 mmol/L of primers XDPN-14
( 5 0CTGATCACTCGAGA30 ) a n d XDPN - 1 2
(50GATCTCTCGAGT30) in 30 μL of 1X T4 DNA Ligase
Buffer (Invitrogen Life Technologies), heated at 55°C for
1 min, and cooled to 14°C within 1 h. Ligation was carried
out overnight at 14°C After adding 9 units of T4 DNA
ligase to the mixtures individually.

The mixtures were diluted to 100 μL and >40 mL of the
mixtures were used for PCR amplification with primer
XDPN-18 (5′CTGATCACTCGAGAGATC′3). Portions
(10 μg) of the tester PCR products (CGT or normal tissue)
were digested with 20 units of XhoI and purified with phenol–
chloroform extraction and ethanol precipitation. The frag-
ments were inserted into XhoI-digested pZERO plasmid
(1 μg/μl) at 16°C for 3 h. The constructs were introduced
into the TOP10 competent cells. Two RaSH cDNA libraries
were prepared, one using cDNA from the CGT as tester with
the normal bone as driver, and the other using cDNA from the
normal bone as tester with cDNA from the CGT as driver.

All bacterial colonies were analyzed by PCR with use of
the M13 forward and M13 reverse primers to verify those
with an insert. The sequences of these clones were
determined with DNA sequencer (ABI PRISM 377,
Applied Biosystems) and DYEnamic ET dye terminator
sequencing kit (Amersham Biosciences). The sequences
were analyzed using an annotation pipeline that had 4 steps:
(1) quality checking, phred base-calling, cutoff 0.05; (2)

vector trimming and removal of undesirable sequences,
such as bacterial, mitochondrial, and rRNA sequences; (3)
masking of repetitive elements and screening of low-
complexity regions by Repeat Masker, using the default
settings; and (4) annotation against existing databases,
using BLASTN with default parameters. Significant hits
were determined by using an E value threshold of 10–15
for searches against nucleotide sequence databases [22].

Validation by quantitative real time

The qRT-PCR was used to assess the expression of genes
found by the RaSH method in all fresh samples of CGTB
individually. For analysis, we used 23 fresh samples of
CGTBs and a pool of total RNA from a subset of nine fresh
tissue of normal bone, defined as normal reference. Gene-
specific primers for qRT-PCR were designed for optimal
hybridization kinetics, using the Primer 3.0 program
(provided by the Whitehead/MIT Center for Genome
Research, Cambridge, MA).

Quantitative real-time PCR was performed using an ABI
prism 7300 sequencer detector system and Sybr Green PCR
Core Reagent (Applied Biosystems), following the manufac-
turer’s protocol. In brief, the reaction mixture (20 μl total
volume) contained 25 ng of cDNA, gene-specific forward and
reverse primers for each gene, and 10 μL of 2× quantitative
Sybr Green PCR Master Mix. Relative quantification is given
by the CT values, determined for triplicate reactions for GCTB
samples and reference sample from each gene, and for the
endogenous control (glyceraldehyde 3-phosphate dehydroge-
nase; GAPDH). The primer sequences are given in Table 2.

Thus, the relative expression of each specific gene was calcu-
lated by using the formula: R ¼ E targetð ÞΔCt target control�sampleð Þ=
E endogenousð ÞΔCt endogenous control�sampleð Þ, as previously de-
scribed [23].

DNA extraction

DNA samples of fresh tissue were isolated using TRIzol
Reagent (Life Technologies). For the extraction of DNA from

Gene Primers 5′–3′: Primers concentration (μM) Base pair

GAPDH 5′ ACCCACTCCTCCACCTTTGA 0.4 μM 79 pb
5′CTGTTGCTGTAGCCAAATTCGT

KTN1 5′GTTTCCCCAGAAACGGAGTC 0.5 μM 150 pb
5′TGTGAGCTGTTGGTTTACCG

NEB 5′GAAGTGGCCAAGAAGCAAAG 0.5 μM 102 pb
5′TGTGGCCTTCTTGATGTCTG

ROCK1 5′CTGGTTTTGTTCGTGCTTCC 0.5 μM 142 pb
5′GTAGCATCCCACACGATTCC

ZAK 5′TATGGAGGCTCCTGTCAAGG 0.5 μM 139 pb
5′TCCAACCAAGGACATGTGTG

Table 2 Primer sets used for
validation by qRT-PCR
amplification
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paraffin, samples were first deparaffinized with xylene, and
the tissue samples digested in a buffer (100 mmol/L NaCl,
10 mmol/L Tris-HCl pH 8.0, 25 mmol/L ethylenediamine
tetraacetic acid [EDTA], and 1% sodium dodecyl sulfate)
containing 20 mg/mL proteinase K at 50°C for 3 days. Total
DNA was isolated by phenol–chloroform extraction and
ethanol precipitation. The DNA pellets were suspended with
20 mL TE buffer (10 mmol/L Tris-HCl, 1 mmol/L EDTA,
pH 8.0) and stored at −20°C until PCR amplification.

Methylation-specific PCR

Genomic DNA from both tumoral and normal tissues was
treated with sodium bisulfite to modify unmethylated cytosine
to uracil [24]. After the DNA conversion, hypermethylation
in CGTs was determined by the MSP method [25], to
analyze the methylation pattern of the ZAK gene. The
primers used for PCR reaction were specific for methylated
and unmethylated DNA (Table 3). PCR was individually
performed in 25-μL reaction volumes, containing 1 ×
Platinum Taq buffer, 1.5 mmol/L MgCl2, 0.2 mmol/L of
each dNTP, 0.4 μmol/L of each primer set, 1 U of Platinum
Taq DNA Polymerase (Invitrogen), and 1 μL of treated
DNA. In vitro methylated DNA (IVD) was used as a positive
control, and DNA from lymphocytes of healthy donors were
used as negative controls. PCR products were separated on
silver-staining 8% non-denaturing polyacrylamide gels. PCR
amplification conditions are available on request.

Statistical analysis of quantitative real-time PCR data

Statistical analysis was performed using theMinitab Student 14
software, and the significance level was set at p≤0.05. Relative
expression levels detected by qRT-PCR for the four genes in
CGTs samples were transformed into natural logarithms. The
Wilcoxon Signed Ranks Test was applied to compare the
gene expression levels in tumor tissue and normal bone tissue.

Immunohistochemical staining

Immunohistochemistry was used to assess the expression of
proteins found by the RaSH method in paraffin-embedded

samples of CGTB individually. For analysis, we used 22
paraffin-embedded samples of CGTBs.

Immunohistochemical staining was performed on 4-μm
sections obtained from formalin-fixed, paraffin-embedded
blocks. Endogenous peroxidase activity was blocked with
3% hydrogen peroxide for 30 min. Antigen retrieval was
carried out in citrate buffer (10 mM, pH 6) for 30 min at
95°C in a Pan Steam. Polyclonal antibodies used were
rabbit anti-human KTN1, rabbit anti-human ROCK1, and
polyclonal rabbit anti-human ZAK (Sigma, St. Louis, MO,
USA) antibodies at 1:100 were applied incubated at 4°C
overnight. Afterward, sections were incubated with a
biotinylated secondary antibody and then exposed to a
streptavidin complex (HRP ready-to-use, DakoCytomation,
Carpinteria, CA). Positive reactions were visualized with
3,3′ diaminobenzidine tetrahydrochloride (DAB, Signet®
Laboratories, Dedham, MA, USA), followed by counter-
staining with hematoxylin.

Normal testicle was used as a positive control for KTN1
and normal liver were used as the positive control to
ROCK1 and ZAK. Sections treated without primary anti-
bodies were used as negative controls. Immunoreactivity
was evaluated blindly by two observers, who independently
assessed the immunostainings with a semi-quantitative
grading system (− no staining; + weak staining in 10–
30% of cells; ++ moderate staining in 31–65% of cells; +++
strong staining of more than 66% of cells) [15].

Results

The RaSH approach was adopted to identify differentially
expressed genes in GCTBs compared with the normal bone
tissue. A total of 619 cDNA clones were sequenced, 169
clones were obtained from the reverse library (down-
regulated genes) and 450 clones were obtained from the
upregulated genes library. To analyze the sequences, phred
and phrap software were used to select the best quality
sequences according to the following pattern: phred cutoff
of 0.09, minmatch 10, and minscore 20; sequences with
>100 base pairs of quality were accepted. The best quality
sequences were submitted to the BLAST alignment

Table 3 Primer set used for methylation-specific polymerase chain reaction

Gene Primer sequence T (°C) Size of
product
MMethylated sequence (5′-3′) Unmethylated sequence (5′-3′)

ZAK Primer 1 F: GGGTCGTTGTCGTTTTAATTTTCGTC F: GTTGTGTGGGTTGTTGTTGTTTTAATTTTTGTTG 67 76 pb
R: CGAAACGTAAACAACAACCGAAAAACG R: TCCCAAACAAAACATAAACAACAACCAAAAACA

ZAK Primer 2 F: GAGGGCGGTTTAGTCGTTTC F: GGGAGGGTGGTTTAGTTGTTTTG 64 86 pb
R: TCCGCCTCTCTACACGACG R: TTAAAAATTAAACATTCCACCTCTCTACACAACA

T annealing temperature (°C), U unmethylated sequence, M methylated sequence
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program [26]. After alignment with the RefSeq database,
the sequences that presented >90% of the target sequence
length at alignment were selected. These included KTN1,
NEB, ROCK1, and ZAK.

We compared the relative expression levels of four genes
by qRT-PCR, using triple determination and normalization
based on the GAPDH level. In the validation of the target
genes, GCTBs samples were used and normal bone tissue
as reference (group control).

KTN1 and ROCK1 were significantly upregulated in 100%
tumor tissues compared to normal bone tissue (p<0.000).
ZAK was significantly downregulated in 100% tumor tissues
compared to normal bone tissue (p<0.001). NEB gene was
not differentially expressed in GCTBs compared with normal
bone tissue (p=0.964). Relative gene expression data are
presented in Fig. 1.

The methylation pattern of the promoter region of ZAK
by MSP-PCR was investigated after gene expression
analysis. Two pairs of primers for the gene ZAK were
designed. ZAK hypermethylation was detected in 18.2% (4/
22) (p=0.82) of the samples with the P1 primers and none
(p=1.000) of the samples when the P2 primer was used
(Fig. 2). The sets of primers for the gene ZAK did not
indicate hypermethylation in the lymphocytes analyzed.
The methylation pattern data are presented in Table 4.

We used immunohistochemistry to evaluate protein
expression of genes found by RaSH in different cell types
due to the heterogeneity of histological CGTBs. Immuno-
histochemical staining of GCTB samples confirmed the
presence of KTN1 and ROCK1 in the GCTB microenvi-
ronment. KTN1 immunostaining revealed cellular strong
staining in 90% (20/22) of GCTB tissue samples, localized
mainly in the multinucleated giant cells and stromal cells
and occasionally monocytic cell (Fig. 3a). ROCK1 staining
was strongly positive in 59% (13/22) of the samples in the
cytoplasm of multinucleated giant cells, stromal cells, and
monocytic cells (Fig. 3b). In contrast, the expression of
ZAK was weakly localized mainly in 82% (18/22) of the
samples in the cytoplasm of the multinucleated giant cells
and stromal cells, and occasionally in some of the
monocytic cells (Fig. 3b). In normal bone tissue, there

Fig. 1 Relative expression values of the selected genes for validation
by qRT-PCR. Expression of gene ZAK was significantly lower in
GCTB compared to normal reference (normal tissue bone). ROCK1
and KTN1 are overexpressed in GCTB. The samples used correspond
to the samples 1F–23F Table 1

Fig. 2 Representative examples of MSP reaction for gene ZAK P1
and ZAK P2. Tumor (3F) of a GCTB patient. Lanes U and M
correspond to unmethylated and methylated reactions, respectively. In
each case, C− indicates DNA from lymphocyte, C+ indicates IVD,
H2O indicates negative PCR control. On the left: molecular weight
marker; and below: the size of methylated PCR product
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was no immunohistochemical staining in different cell
types for the three genes analyzed.

The results showed that genes ROCK1 and KTN1 were
upregulated in GCTB, confirmed by qRT-PCR and immu-
nohistochemistry, ZAK was significantly lower, by qRT-
PCR and immunohistochemistry, in the GCTB samples,
and that the NEB gene was not differentially expressed by
qRT-PCR.

Discussion

GCTB does not fit well into a strictly defined category.
Therefore, it has been approached in the context of its
morphological definition of reactive rounded mononuclear
cells, reactive osteoclastic giant cells, and neoplastic
mononuclear spindle-shaped cells. It is clinically defined
as a benign bone tumor, but it has a tendency to recur and
can behave aggressively in a local manner, occasionally

metastasizing to the lungs. Although both morphologic
and radiologic examination can lead to the correct
diagnosis in most cases, diagnosis of GCTB can often
be difficult, with no clear diagnostic marker currently
being available.

RaSH in allowing us to analyze genes that are expressed
differentially in two samples, including genes that have not
previously been characterized and rare transcripts, led to the
identification of specific genes and signaling pathways
involved in the regulation of the disease process. This
method has simpler hybridization and subtraction steps than
other subtractive hybridization methods.

Three potential biomarkers of giant cell tumor of bone
were identified, validated by qRT-PCR and immunohisto-
chemistry, and proved to have distinct differences in
expression between tumor and non-neoplastic samples.
The markers were genes KTN1, ROCK1, and ZAK, the first
two being significantly upregulated and the last down-
regulated. The expression of genes ROCK1 and KTN1 were
significantly high in GCTBs than in normal bone tissue and
ZAK was significantly lower in tumor tissues than in the
non-tumor adjacent tissue.

ROCK1 located in 18q11.1, encodes a protein associated
with Rho kinase and belongs to a family of serine/threonine
kinases activated via interaction with Rho GTPases. ROCK
is involved in a wide range of fundamental cellular
functions such as regulation the reorganization of the actin
cytoskeleton, formation of the focal adhesion, smooth
muscle contraction, cell migration, gene expression, and
apoptosis [27, 28]. Rho-associated serine-threonine protein
kinase, ROCK, one of the best characterized downstream
effectors of Rho, is activated when it selectively binds to
the active GTP-bound form of Rho. Activated ROCK
interacts with the actin cytoskeleton to promote stress fiber
formation and assembly of focal contacts [29]. There is
considerable evidence to suggest that Rho–ROCK signal-
ling is deregulated in cancer, and thereby contributes to
invasive and metastatic behavior [30].

Upregulation of Rho–ROCK signaling in tumors is well-
known to be linked to increased invasion and metastatic
potential, which may occur as a result of increased RhoA,
RhoC, or ROCK1 expression [30]. Cell migration is pivotal
in metastasis, and rearrangements in the actin cytoskeleton
are certainly involved. Overexpression of Rho has been
linked to progression of human cancers, and therefore the
Rho/ROCK pathway is a major player in cancer progres-
sion through its regulation of actin cytoskeleton reorgani-
zation; indeed, a specific ROCK inhibitor can suppress the
tumor growth and metastasis [29], and therefore could be a
prime molecular target for the prevention of cancer invasion
and metastasis [30].

Rho kinase (ROCK) through its regulating of cytoskel-
etal events increases with the degree of malignancy, and is

Table 4 Methylation pattern of ZAK in 27 tumor samples of GCTB

Sample ZAK (P1) ZAK (P2)

3F ○ ○
4F X ○
7F ● ○
8F ○ ○
9F ● ○
10F ○ ○
11F ○ ○
12F ○ ○
13F ○ ○
14F ○ ○
15F ● X

18F ○ ○
19F ○ ○
23F ○ ○
24P X X

25P ○ ○
28P X X

29P ○ ○
30P ○ ○
35P X X

37P ○ ○
38P X X

39P ○ ○
40P ○ ○
41P ○ ○
42P ● ○
43P ○ ○

Solid circles methylated genes, hollow circles unmethylated genes, x
not amplified
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known to contribute to the invasion of hepatocellular
carcinoma [31], bladder cancer [29], melanoma [30], and
to be upregulated in anaplastic astrocytomas and glioblas-
tomas [32]. Since ROCK1 was upregulated in multinucle-
ated giant cells, stromal cells, and monocytic cells of
GCTBs, we believe that overexpression in these tumors
may contribute to their occasional invasion, metastasis, and
increased malignancy.

KTN1 gene is located in the region 14q22.1 and encodes
the full kinectin, membrane receptor for kinesin that is
found in the endoplasmic reticulum and is responsible for
the transport of vesicles along microtubules. It is expressed
in the brain, liver, ovarian, and hematopoietic cells [33, 34].
The kinectin has an important role in vesicle transport as a
receptor for kinesin and dynein, thereby aiding the
movement of motor proteins within the cell. However, the
exact mechanism by which cells control the transport of
vesicles remains unclear [35]. According to Santama et al.
[36], kinectin was demonstrated in vivo by overexpression
and RNA interference assay, and is selectively involved in
the transport of specific types of organelles.

Besides interacting with the kinesin, the kinectin also
interacts with other proteins, such as Rho protein, which
forms the complex Rho-kinectin responsible for transport of
microtubules between the actin filaments and the elongation
factor of translation-1δ [37, 38]. The latter plays an
important role in regulating the synthesis of proteins that
participate in the elongation phase of mRNA translation.

The exact function of KTN1 and its role in tumor
progression remain unclear. There are no reports in the
literature about the relationship of KTN1 gene in tumors,
but this gene was highly expressed in all GCTBs.

ZAK gene is located in the region 2q24.2 and belongs to
the family of mixed lineage kinase, which comprises a
group of serine/threonine kinases that works with MAP3K
[39, 40]. It is expressed in most tissues and is regulated by
environmental stresses [39]. The expression of ZAK arrests
cells in G2, due to the effect that its protein somehow
decreases the expression of cyclin E [41].

In addition to this important function for example,
overexpression can induce apoptosis in hepatocyte cell line
[39. The gene NF-κB belongs to a gene family of

Fig. 3 Immunolocalization of
KTN1, ROCK1, and ZAK in
human specimens of primary
GCTB samples. a KTN1; b
ROCK1; c ZAK; d negative
control (original magnification
400×). These are representative
figures from 22 GCTB patient
tissue samples. The staining
patterns for KTN1, ROCK1, and
ZAK were generally consistent
among all the patient samples.
The presence of multinucleated
giant cells is marked with stars,
mesenchymal stromal cells with
caret, and monocytes cell with
arrow. Positive stainings of the
corresponding antigens show
brownish color in various
degrees, in contrast to the bluish
color in negative stainings
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transcription factors regulating the transcription of several
genes related to immune response, cell proliferation,
apoptosis, and the progression and maintenance of the
status factor [42, 43]. NF-κB super can regulate the
expression of proteins that interfere with the receptor via
apoptosis, and induce the expression of apoptosis inhibitors
and some family members of anti-apoptotic Bcl-2 [44].
Another way of induction of apoptosis by ZAK gene is via
the JNK/SAPK, which belongs to the MAPK family and is
activated by many types of cellular stresses or extracellular
signals. The activation of this pathway is associated with
regulation of cell proliferation, survival, apoptosis, and
immune response by regulating the gene expression of
cytokines. Furthermore, this protein is associated with the
regulation of mRNA stabilization, cell migration, and
integrity of the cytoskeleton [44, 45].

The low expression of the ZAK gene can therefore lead
to poorer inhibition of cell proliferation by cycle arrest in
tumor cells and more sustained growth of the cells of
CGTBs.

Regarding the methylation pattern of gene ZAK present-
ing island CpGs in their promoter region, we found that this
gene was downregulated in GCTBs, although no methyl-
ation occurred in the promoter region. Other mechanisms of
gene silencing might be eliminating their activities, such as
microRNAs and RNA interference.

In conclusion, differentially expressed genes in the
CGTBs include those whose deregulation is potentially
associated with disease progression. Methylation of the
promoter region is not responsible for the downregulation
of gene ZAK. These findings will contribute to the
understanding of the molecular basis of GCTB, thus
helping to improve diagnosis, treatment, and patient
outcome. Further studies are required to evaluate whether
the identified genes are specifically altered in GCTB or
might also be deregulated in other tumors.
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