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Abstract
Background  The objective of this study was to assess the expression profile of CD44v6, a potential cancer stem cell 
marker, and its diagnostic and predictive significance in three distinct types of primary bone tumors.

Methods  In this study, we utilized real-time qRT-PCR and immunohistochemistry to examine the gene and protein 
levels of CD44v6 in a total of 138 fresh bone tissues. This included 69 tumor tissues comprising osteosarcoma (N = 23), 
chondrosarcoma (N = 23), and GCT (N = 23), as well as 69 corresponding non-cancerous tumor margins. Furthermore, 
we investigated the circulating level of CD44v6 by isolating peripheral blood mononuclear cells from 92 blood 
samples. Among these, 69 samples were obtained from patients diagnosed with primary bone tumors, while the 
remaining 23 samples were from healthy donors. The primary objectives of our investigation were to assess the 
correlation between CD44v6 expression levels and clinic-pathological features of the patients, as well as to evaluate 
the diagnostic and predictive values of CD44v6 in this context.

Results  In patients with osteosarcoma and chondrosarcoma tumors, both the gene and protein expression of 
CD44v6 were found to be significantly higher compared to the GCT group. Furthermore, the circulating level of 
CD44v6 was notably elevated in patients diagnosed with osteosarcoma and chondrosarcoma in comparison to the 
GCT group and patients with malignant tumor characteristics. Additionally, we observed a strong correlation between 
the gene and protein levels of CD44v6 and important tumor indicators such as tumor grade, metastasis, recurrence, 
and size at the tumor site. CD44v6 shows potential in differentiating patients with bone tumors from both control 
groups and tumor groups with severe and invasive characteristics from those with non-severe features. Importantly, 
the expression level of CD44v6 also demonstrated predictive value for determining tumor grade and the likelihood of 
recurrence.
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Introduction
Primary bone cancers are rare, heterogeneous sarcomas 
that originate from bones and are derived from mesen-
chymal cells [1]. These idiopathic tumors are often malig-
nant and exhibit aggressive and invasive characteristics 
with diverse histopathological features that can affect 
various age groups. Their incidence rate is particularly 
notable among children and young adults [2]. The com-
bination of chemotherapy and radiotherapy, along with 
tumor surgical resection, is the most important thera-
peutic strategy for patients, although its efficacy may be 
limited in some cases [3]. Consequently, efforts are being 
made to identify the signaling pathways and molecular 
mediators that play a role in the division, differentiation, 
and invasion of these cancer cells. The goal is to under-
stand the etiology of these tumors and develop early 
diagnostic methods [4, 5]. The decisive role of the tumor 
microenvironment, extracellular matrix (ECM) media-
tors, and membrane receptors in tumor invasion and 
progression is well-described [6]. CD44 is a transmem-
brane glycoprotein the belongs to the cell adhesion mol-
ecules (CAMs) and interacts with ECM components and 
activate signaling pathways related to cell proliferation 
and growth [7]. The CD44 gene consists of 20 exons, and 
different isoforms are generated through complex alter-
native splicing of this gene. The ability of these isoforms 
to bind to ligands varies [8]. CD44 isoforms are present 
in actively dividing cells during embryonic development 
and can also be found in specific cancer types under cer-
tain circumstances, particularly in advanced stages. s [9, 
10]. The intracellular, extracellular, and transmembrane 
domains of CD44 have the ability to bind to various 
ligands, including hyaluronic acid, collagen, osteopontin 
(OPN), integrin, and matrix metalloproteinases (MMPs) 
indicating the pivotal role of this protein in controlling 
cancer cell fate [11]. When cytoskeleton proteins bind to 
the cytoplasmic end of CD44, it leads to the connection 
between CD44 and the actin of the cytoskeleton. This 
interaction plays a role in regulating the transition from 
epithelial to mesenchymal states, as well as influencing 
cell motility, adhesion, and migration that rely on hyal-
uronic acid [12]. Interestingly, CD44 accounts as a can-
cer stem cell marker individually or in combination with 
other markers such as CD24, CD133 and CD34 [13]. The 
interaction between cancer stem cells (CSCs) and CD44 
plays a crucial role in regulating various aspects such as 
cell survival, self-renewal, preservation, and resistance 
to chemotherapy. CD44 is essential for the adaptation 

of disseminated cancer cells to new environments and 
facilitates metastatic colonization [14, 15]. Studies have 
demonstrated that CD44-positive cancer cells in gastric 
cancer exhibit resistance to chemotherapy and radia-
tion therapy. Furthermore, the suppression of CD44 cells 
resulted in reduced formation of spheroid colonies and 
tumor size in severe combined immune-deficient (SCID) 
mice, highlighting the tumorigenic potential of CD44 
[16]. It is noteworthy that the capability of CD44 to bind 
with extracellular matrix components and hyaluronic 
acid allows cancer stem cells (CSCs) to receive and per-
ceive signals and alterations in the tumor environment 
[10]. For instance, it was shown that binding of CD44 to 
hyaluronic acid and OPN resulted in triggering Nanog-
Stat3 and c-Src kinase signaling pathway [17]. Given the 
significant involvement of CD44 in cancer cell growth, 
researchers have extensively studied its expression profile 
across various types of cancers. The data obtained consis-
tently indicate an over-expression of CD44 in numerous 
tumor types [18, 19]. Due to the high expression of CD44, 
efforts have been made to investigate the diagnostic and 
prognostic value of CD44 and its isoforms in cancer [18, 
20, 21]. While the expression profile of the CD44 stan-
dard isoform has been extensively investigated, there is 
still a gap in our understanding regarding the expression 
profile of CD44 functional variants and isoforms. Among 
them, CD44v6 stands out as an intriguing isoform due to 
its suggested diagnostic value as a marker for cancer stem 
cells (CSCs) in certain cancers, such as colorectal can-
cer [22]. Todaro et al. conducted a study revealing that 
CD44v6 is expressed by all colorectal cancer stem cells 
(CR-CSCs). The expression of CD44v6 is essential for the 
migration and formation of metastatic tumors, achieved 
through the activation of the WNT-β-catenin signal-
ing pathway [23]. Propelling evidence recommends that 
CD44v6 compared to CD44 has a more specific expres-
sion in CSCs and may have a higher diagnostic value [24, 
25], therefore, evaluating the expression profile and its 
changes in different tumors can provide new insights into 
early diagnosis of invasive tumors. In accordance, this 
study is aimed to determine the local (tumor site) and cir-
culating (blood) expression level and diagnostic and pre-
dictive values of CD44v6 in three prevalent primary bone 
tumors (Osteosarcoma, Chondrosarcoma, and Giant cell 
tumors) with different tumor severity features.

Conclusion  CD44v6 is likely to play a role in the development of primary bone tumors and has the potential to 
serve as a diagnostic biomarker for bone cancer. However, to obtain more accurate and conclusive findings, further 
mechanistic investigations involving larger population samples are necessary.

Keywords  CD44v6, Osteosarcoma, Chondrosarcoma, Giant cell tumors, Malignancy
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Materials and methods
Sample preparation and collection
This study was approved ethically by the ethics commit-
tee of our institute and sample collection, procedures 
and informing the patients were conducted according 
to the declaration of Helsinki [26]. The total number of 
138 fresh bone tissues including 69 tumor tissues (osteo-
sarcoma [N = 23], chondrosarcoma [N = 23], Giant cell 
tumors (GCT) [N = 23]) and 69 non-cancerous tumor 
margins (osteosarcoma [N = 23], chondrosarcoma 
[N = 23], GCT [N = 23]) were collected for this survey. 
Also, the number of 92 blood samples including 69 sam-
ples from patients with primary bone tumors (osteosar-
coma [N = 23], chondrosarcoma [N = 23], GCT [N = 23]) 
and 23 blood samples from healthy donors were enrolled. 
The patients underwent wide surgical resection at Shafa 
Orthopedic Hospital and tumor margins were taken 
away from a reliable distance from the cancerous tissue 
and both tumor and margin tissues were derived within 
30  min following surgery and preserved based on our 
previously described procedure [27]. The blood sample 
was collected from each patient a few minutes before 
surgery as well as healthy donors who were matched to 
the patients as a matter of age and gender, then blood 
samples were subjected to peripheral blood mononuclear 
cell (PBMC) isolation. In fact, patients were entered the 
study before receiving drug treatment in order to reduce 
possible interactions. The tumor grade was determined 
due to the degree of differentiation and cellularity there-
fore low-grade tumors indicate well-differentiated and 
high-grade tumors indicate poor-differentiated tumors. 
In the current study both metastatic and non-metastatic 
as well as recurrent and non-recurrent tumors were 
included. Furthermore, by considering the patient’s 
pathology information, if the primary bone tumor of the 
individual had spread to remote organs, the local bone 
tumor was removed and it was classified as a metastatic 

tumor. Conversely, if no indications of distant metasta-
ses were observed in the patient, the tumor was catego-
rized as non-metastatic. Additionally, a local recurrent 
bone tumor signifies the reappearance of the tumor one 
or more years after the patient has completed their initial 
treatment and tumor resection. In this regard, the medi-
cal history of the disease and previous treatment received 
were not considered. Instead, the focus was placed on the 
fact that the tumor was re-implanted in the individual 
and promptly operated upon and removed as soon as it 
was diagnosed. There were no cases reported of metas-
tasis, tumor recurrence, or high-grade tumors among 
the GCT patients included in this study. . The patient’s 
demographic features are described in Table 1.

Blood preparation
To evaluate the circulating level of CD44v6, the blood 
sample of each patient and healthy control were sub-
jected to PBMC separation using Ficoll-Hypaque (Sigma 
Chemical Co, St Louis, MO, USA). The separation pro-
cedure is based on density gradient separation using 
several steps of centrifugation. Cells were washed and 
counted and an equal amount of cells were used for RNA 
extraction.

Gene expression analysis
To evaluate CD44V6 gene expression, the Trizol (QIA-
GEN, USA) based on the phenol-chloroform protocol 
was applied as previously described [27]. The concen-
tration and purity of extracted RNA were assessed by a 
Nanodrop spectrophotometer (Nanodrop Technolo-
gies). The optical absorption of samples at different wave-
lengths (260 and 280 nm) was measured and the ratio of 
OD260/OD280 = 2 indicates the purity of the extracted 
RNA due to protein contamination and the ratio OD260/
OD230 = 2.2-2 indicates the purity of the extracted 
RNA due to contamination with buffer components. 

Table 1  The clinic- pathological features of patients with bone tumors
Malignant bone tumor Benign bone tumor

Demographic features Groups Osteosarcoma
(N = 23)

Chondrosarcoma (N = 23) GCT
(N = 23)

Age < 30
30–60
60≤

6(26.1%)
13(56.52%)
4(17.39%)

0
19(82.60%)
4(17.39%)

12(52.17%)
10(43.47%)
1(4.34%)

Gender Male
Female

12(52.1%)
11(47.9%)

13(56.5%)
10(43.5%)

12(52.1%)
11(47.9%)

Tumor size
(cm)

< 10
≥ 10

12(52.1%)
11(47.9%)

17(73.9%)
6(26.1%)

21(91.3%)
2(8.7%)

Tumor grade Low (grade I/II)
High (grade III)

7(30.4%)
16(69.6%)

13(56.5%0
10(43.5%)

23(100%)
0

Metastasis Yes
No

7(30.4%)
16(69.6%)

9(39.1%)
14(60.9%)

0
23(100%)

Tumor recurrence Yes
No

7(30.4%)
16(69.6%)

5(21.7%)
18(78.3%)

0
23(100%)
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Moreover, electrophoresis (1% agarose gel) was used to 
evaluate the integrity of the extracted RNA. The Prime-
Script First Strand cDNA Synthesis Kit (Takara, Japan) 
was applied to synthesize cDNA from extracted RNA (1 
µg) and the SYBR Premix Ex Taq II (Takara, Japan) was 
used to evaluate CD44v6 gene level using Real-Time 
System (Applied Biosystems Step One Plus, USA). The 
CD44v6 (Target gene) and β-actin (House-keeping gene) 
primer sequences were as follows: CD44v6 forward 
primer: 5’–GGAACAGTGGTTTGGCAACA-3’, CD44v6 
reverse primer: 5’-CTCTGCTGCGTTGTCATTGA − 3’ 
(Tm = 58), β-actin forward primer: 5’-GAT CTC CTT 
CTG CAT CCT GT-3’, β-actin reverse primer: 5’-TGG 
GCA TCC ACG AAA CTA C- 3’ (Tm = 57). The PCR 
reaction was set up as follows: Holding stage (95  °C, 
10 min), Cycling stage (95 °C; 15 s. 56 °C; 25 s. 60 °C, 30 s 
for 40x), and melt curve stage (95  °C; 15  s. 65  °C, 35  s. 
95 °C; 15 s). The melt curve of each primer and the prolif-
eration plots were assessed to determine primer specific-
ity for all samples. The CD44v6 gene expression level was 
calculated using the comparative Ct (2-ΔCt) method.

Protein expression analysis
Immunohistochemistry was performed to evaluate 
the protein level of CD44v6 in both tumor and margin 
samples. The anti-CD44v6 antibody (Catalog number: 
ab217902; Abcam) with the dilution of 1:500 and anti-
mouse IgG HRP-conjugated secondary antibody (Catalog 
number: ab6728; Abcam) was applied for staining and 
detection. The detail of the protocol and analysis is based 
on the protocol described in our previous study [27, 28]. 
Briefly, tissue blocks were prepared in optimal cutting 
temperature (OCT) embedding medium and fixed in 
paraformaldehyde (4%). Tissue sections were prepared 
by cryotome and for inducing membrane permeability, 
Triton (3%) was used. The non-specific antigenic sites on 
tissue sections were blocked using goat serum (10%) and 
the intensity of staining was visualized using horseradish 
peroxidase activity and chromogens. The percentages of 
CD44v6 intensity for each sample were measured using 
Image J software [28] and presented as graphs (Fig.  1). 
The representative images for weak intensity (< 10% 
immune reactivity), moderate intensity (10–20% immune 
reactivity) and strong intensity (> 20% immune reactivity) 
is shown in Fig. 2.

Statistical analysis
The Graph Pad Prism Version 6 (Graph Pad Software, 
San Diego California) and Statistical Package for Social 
Science (SPSS v.16) was used for statistical analysis, and 
statistically significant differences were indicated by 
P-value < 0.05. The normal distribution of data was eval-
uated using Kolmogorov-Smirnov analysis and differ-
ences between the expression levels of the CD44v6 gene 

and protein were analyzed using a parametric unpaired 
t-test. The correlation between CD44v6 gene and protein 
levels and the patient’s demographic features was calcu-
lated using Pearson’s correlation coefficient. The correla-
tion coefficient (r) and the statistical differences between 
the compared groups were reported and are presented 
in Table  2. The logistic regression was used to deter-
mine the predictive values of variables in this study and 
the diagnostic values of the CD44v6 gene and protein in 
tumor and PBMC of patients with different types of bone 
tumors were assessed using the receiver operating char-
acteristic (ROC) curve. For ROC analysis, the Youden 
index was considered to determine the area under the 
curve (AUC) and the optimal cut-off value points [29].

Results
The gene expression level of CD44v6 in the tumor site and 
blood of patients with primary bone tumors
The expression level of CD44v6 increased significantly in 
osteosarcoma (P < 0.0001), chondrosarcoma (P < 0.0001) 
and GCT (P = 0.0001) groups compared to their matched 
non-cancerous tissues (Fig. 3A). Of notes, the mean and 
standard deviation (std) of CD44v6 in osteosarcoma, 
chondrosarcoma and GCT groups were 1.59 ± 0.71, 
1.23 ± 0.57 and 0.62 ± 0.35, respectively. The CD44v6 
level of expression was higher in osteosarcoma and 
chondrosarcoma tumors compared to the GCT group 
(P < 0.0001); while the difference between osteosarcoma 
and chondrosarcoma was not statistically significant 
(P = 0.067). Moreover, it was revealed that the CD44v6 
expression level was increased in high grade (1.82 ± 0.74) 
compared to low grade (1.14 ± 0.34) osteosarcoma tumors 
(P = 0.05), also in metastatic (2.39 ± 0.44) versus non-
metastatic (1.23 ± 0.47) osteosarcoma tumors (P = 0.0001) 
(Fig. 3B). The similar pattern of expression was detected 
regarding chondrosarcoma tumors with an increased 
level of CD44v6 in high grade (1.62 ± 0.61) compared 
to low grade (0.92 ± 0.29) (P = 0.001) and in metastatic 
(1.68 ± 0.62) compared to non-metastatic (0.94 ± 0.28) 
(P = 0.008) chondrosarcoma tumors (Fig.  3C). To inves-
tigate the expression pattern of CD44v6 in circulating 
cells of patients as a source of a non-invasive sample of 
patients, the PBMCs of patients were isolated and stud-
ied. Our data showed that the gene expression level 
of CD44v6 was higher in patients with osteosarcoma 
(0.15 ± 0.06) (P < 0.0001), chondrosarcoma (0.14 ± 0.09) 
(P < 0.0001) and GCT (0.068 ± 0.04) (P = 0.05) compared 
to healthy subjects (0.009 ± 0.01) (Fig.  4A). While the 
different between CD44v6 level of expression in osteo-
sarcoma and chondrosarcoma groups was not statisti-
cally significant (P = 0.58); patients with osteosarcoma 
(P < 0.0001) and chondrosarcoma (P = 0.002) expressed 
higher level of CD44v6 in their blood compared to the 
patients with GCT (Fig. 4A). Comparing the expression 
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level of CD44v6 in patients with osteosarcoma (Fig. 4B) 
and chondrosarcoma (Fig. 4C) did not show any signifi-
cant difference in terms of grade and metastasis.

The protein expression level of CD44v6 in different types 
of primary bone tumors
Based on our data, the protein level of CD44v6 increased 
significantly in osteosarcoma (P < 0.0001), chondrosar-
coma (P < 0.0001) and GCT (P = 0.01) compared to their 
matched non-cancerous controls (Fig.  1A). A higher 
expression level of CD44v6 was detected in osteosarcoma 
(P < 0.0001) and chondrosarcoma (P = 0.0024) tumors 
compared to GCT; while the difference in the level of 
CD44v6 between osteosarcoma and chondrosarcoma 
was not remarkable (P = 0.28). A higher level of CD44v6 
was detected in high grade (P = 0.0024) and metastatic 
(P = 0.006) osteosarcoma tumors compared to the low 

grade and non-cancerous tumors, respectively (Fig. 1B). 
However, the CD44v6 protein level showed no significant 
difference between different types of chondrosarcoma 
tumors (Fig. 1.C).

The association of CD44v6 gene and protein expression 
levels with the patient’s demographic features and CD44v6 
diagnostic and predictive values
Based on data that is shown in Table 2, the CD44v6 gene 
and protein expression level in the tumor site were sig-
nificantly correlated with the patient’s age. Also, a sig-
nificant correlation was detected between tumor size 
and the CD44v6 gene and protein level in tumor site 
and PBMCs of patients with primary bone tumors. 
Also, the correlation between the level of CD44v6 with 
tumor malignancy, grade, and metastasis was statisti-
cally significant in the tumor site and peripheral blood. 

Fig. 1  The protein level of CD44v6 in primary bone tumors. A higher protein level of CD44v6 was detected in osteosarcoma and chondrosarcoma tumors 
compared to GCT; while all three tumor types showed a significant expression difference compared to the corresponding healthy tissue (A). The high 
and metastatic osteosarcoma tumors expressed higher CD44v6 levels compared to the low grade and non-metastatic tumors (B); while chondrosarcoma 
tumors showed no remarkable difference in this regard (C). The statistical differences between groups are shown as asterisks and the details of the com-
pared groups and P-values are shown in the table (*= P < 0.05, **= P < 0.01, ****=P < 0.0001) also “ns” stands for not statistically significant
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A positive correlation was found between CD44v6 level 
of expression and tumor recurrence that was statisti-
cally significant while considering its expression level in 
the site of tumor not in the patient’s blood. Accordingly, 
a positive and significant correlation was found between 
the CD44v6 gene and protein level together and with the 
level of CD44v6 in the patient’s blood. As it is shown in 
Table 3, the CD44v6 protein level had a predictive value 
for tumor malignancy, tumor grade and recurrence, also 
CD44v6 gene expression level showed significant predic-
tive values for tumor grade, metastasis and recurrence. 
The CD44v6 diagnostic values using ROC curve analysis 
showed that CD44v6 gene expression level in the tumor 
site can be of diagnostic value to distinguish between 
osteosarcoma and GCT (Cut off value < 0.83, AUC = 0.888, 
P = 0.0001), between chondrosarcoma and GCT (Cut 
off value < 0.8, AUC = 0.829, P = 0.0001), between GCT 
and non-cancerous bone tissues (Cut off value < 0.10, 
AUC = 0.959, P = 0.0001), between osteosarcoma tumors 

and non-cancerous bone tissues (Cut off value < 0.464, 
AUC = 0.989, P = 0.0001), and between chondrosarcoma 
and non-cancerous bone tissues (Cut off value < 0.497, 
AUC = 0.979, P = 0.0001).Notably, CD44v6 gene expres-
sion level in PBMCs of the patients had diagnostic value 
to discriminate between osteosarcoma and GCT (Cut off 
value < 0.10, AUC = 0.870, P = 0.0001), between chondro-
sarcoma and GCT (Cut off value < 0.085, AUC = 0.767, 
P = 0.002), between GCT and non-cancerous bone tissues 
(Cut off value < 0.017, AUC = 0.919, P = 0.0001), between 
osteosarcoma tumors and non-cancerous bone tis-
sues (Cut off value < 0.028, AUC = 0.996, P = 0.0001), and 
between chondrosarcoma and non-cancerous bone tis-
sues (Cut off value < 0.031, AUC = 0.992, P = 0.0001). Simi-
larly, the CD44v6 protein level showed diagnostic values 
to distinguish between osteosarcoma and GCT (Cut off 
value < 14.03, AUC = 0.996, P = 0.0001), between chondro-
sarcoma and GCT (Cut off value < 12.64, AUC = 0.975, 
P = 0.0001), between GCT tumors and non-cancerous 

Fig. 2  The immunohistochemistry staining of CD44v6 protein in primary bone tumors. The representative images of immunohistochemistry staining 
of CD44v6 protein are shown. A: represents negative immune-reactivity of CD44v6; B: represents the weak staining intensity of CD44v6 (< 10% immune 
reactivity); C: represents moderate intensity (10–20% immune reactivity) and D: represents strong intensity (> 20% immune reactivity). The scale of mag-
nification is 200
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bone tissues (Cut off value < 7.3, AUC = 0.979, P = 0.0001), 
between osteosarcoma tumors and non-cancerous bone 
tissues (Cut off value < 10.69, AUC = 0.991, P = 0.0001), 
and between chondrosarcoma and non-cancerous bone 
tissues (Cut off value < 12.5, AUC = 0.968, P = 0.0001). The 
ROC analysis details are summarized in Table 4 and the 
curves are shown in Fig. 5.

Discussion
Bone is a dynamic tissue capable of altering its cellular 
composition. It is rich in blood vessels, making it a favor-
able environment for tumor cell growth and a suitable 
substrate for tumor cell colonization. As a result, there is 
considerable interest in exploring the clinical relationship 
between various biomarkers and factors contributing to 
bone-related abnormalities [30, 31]. It is well-established 
that the survival and renewal of cancer stem cells (CSCs) 
are responsible for early diagnosis failures, inadequate 
response to chemotherapy, and inappropriate tumor 
resection [32]. Moreover, the fate of CSCs depends on 
their interactions with fibroblast cells, hematopoietic 
cells, and ECM compounds including hyaluronic acid 

[33, 34]. Conversely, CD44 and its variants, including 
CD44v6, serve as receptors for hyaluronic acid and are 
implicated in various processes such as cell adhesion, 
proliferation, differentiation, survival, and apoptosis of 
tumor cells. Their involvement contributes to the pro-
gression of tumors [19]. CD44v6 as CD44 isoform is 
expressed in epithelial cells as well as proliferating cells 
during embryonic development and in cancer cells [24, 
25]. Our findings indicate a significant increase in the 
expression level of CD44v6 in primary bone tumors com-
pared to their corresponding tumor margins. Although 
no difference was observed between osteosarcoma and 
chondrosarcoma, both groups exhibited significantly 
higher levels of CD44v6 compared to the GCT (giant cell 
tumor) group. Previously published data have revealed 
that CD44v6 over-expressed in tumor tissues of colorec-
tal [35], breast [36], gastric [37], pancreas [38] and lung 
[39]. This overexpression has been correlated with cancer 
progression and poor prognosis. A meta-analysis study 
involving 3098 colorectal cancer patients demonstrated 
that CD44v6 serves as a superior prognostic biomarker 
for survival rate compared to CD44. Furthermore, 
CD44v6 expression was associated with increased sever-
ity of pathological grade and lower survival rates [40]. 
However, when it comes to bone sarcomas, the majority 
of studies have primarily examined CD44, with limited 
assessment of the CD44v6 variant, primarily in the con-
text of osteosarcoma [19]. Accordingly, Deng et al. have 
shown that the expression of CD44v6 increased signifi-
cantly in osteosarcoma tumors compared to osteochon-
dromas which was associated with metastasis and a 
reduced survival rate [41]. Also, Kuryu et al. revealed that 
the CD44v6 protein level was increased in osteosarcoma 
tumors that was associated with decrease in survival rate 
and poor prognosis [42]. In our study, the observed lower 
expression level of CD44v6 in GCT (giant cell tumor) 
compared to osteosarcoma and chondrosarcoma tumors 
may be attributed to the non-aggressive nature of GCT 
samples [43] that were included in our study; however, no 
previously published data was found regarding the 
CD44v6 expression profile in GCT. As indicated previ-
ously [44], osteosarcoma and chondrosarcoma account 
for the most prevalent malignant bone tumors and our 
data showed a significant elevation of CD44v6 in osteo-
sarcoma and chondrosarcoma tumors compared to their 
non-cancerous controls as well as GCTs. To support the 
notion of CD44v6’s role in tumor growth and invasion, 
experimental evidence has shown that the inhibition of 
CD44v6 using A5G27 polymer resulted in a reduction in 
cancer cell invasion and migration. This finding strongly 
suggests the involvement of CD44v6 in tumor invasion 
processes [45]. Moreover, the interaction of CD44v6 with 
ECM components stimulates PI3K/AKT pathway and 
triggers cell proliferation and mediates invasion [46]. 

Table 2  The correlation of CD44v6 gene and protein levels in 
tumor and PBMC with different features of bone tumors

PBMC Tumor
(Gene expression)

Tumor
(Protein 
expression)

Variable CD44v6 CD44v6 CD44v6
Age

Correlation
P value

0.012
0.924

0.339**

0.005
0.300*

0.013

Tumor size

Correlation
P value

0.288*

0.017
0.647**

0.000
0.507**

0.000

Malignancy

Correlation
P value

0.468**

0.000
0.543**

0.000
0.745**

0.000

Tumor grade

Correlation
P value

0.406**

0.001
0.646**

0.000
0.669**

0.000

Metastasis

Correlation
P value

0.282*

0.019
0.681**

0.000
0.572**

0.000

Recurrence

Correlation
P value

0.151
0.215

0.678**

0.000
0.639**

0.000

CD44v6 PBMC

Correlation
P value

1.000 0.296*

0.014
0.309**

0.010

CD44v6 gene

Correlation
P value

0.296*

0.014
1.000 0.710**

0.000

CD44v6 protein

Correlation
P value

0.309**

0.010
0.710**

0.000
1.000



Page 8 of 13Hosseini et al. BMC Musculoskeletal Disorders          (2023) 24:607 

Conversely, there is an interplay between CD44v6 and 
insulin-like growth factor 1 receptor (IGF-1R) that con-
tributes to tumor cell homing and stimulates cell prolif-
eration [47]. Additionally, CD44v6 is responsible for 
recruiting MMP-2 and MMP-9, thereby facilitating cell 
invasion and migration [48]. Consistent with this evi-
dence, our findings revealed a significant increase in 
CD44v6 expression in high-grade and metastatic osteo-
sarcoma and chondrosarcoma tumors. These results sug-
gest the potential involvement of CD44v6 in the invasion 
and proliferation of bone tumor cells. However, further 
mechanistic studies are required to validate these find-
ings. Additionally, in the current study, the level of 
CD44v6 expression was associated with tumor size and 
recurrence in osteosarcoma and chondrosarcoma 
tumors, highlighting its potential role in the division and 

reprogramming of bone tumor cells. Previous studies 
have primarily focused on investigating the protein level 
of CD44v6 through immunohistochemistry in osteosar-
coma. However, in order to gain a comprehensive under-
standing of the changes in both the CD44v6 gene and 
protein levels in bone tumors, our current study simulta-
neously assessed the expression of the CD44v6 gene and 
protein. The data obtained revealed a consistent pattern 
of CD44v6 expression at both the gene and protein levels 
in osteosarcoma, chondrosarcoma, and GCT (giant cell 
tumor).While assessing biomarkers at the tumor site 
offers valuable insights into their status within the spe-
cific tumor population, liquid biopsy provides a distinct 
advantage by allowing non-invasive monitoring of tumor 
progression and response to therapies. This approach 
enables early detection and intervention before the 

Fig. 3  The gene expression level of CD44v6 in primary bone tumors. The gene expression levels of CD44v6 in osteosarcoma, chondrosarcoma and GCT 
compared to their matched control groups is shown (A). The high grade and metastatic tumors expressed higher levels of CD44v6 compared to their 
counterparts in osteosarcoma (B) and chondrosarcoma (C) tumors. The statistical differences between groups are shown as asterisks and the details of 
the compared groups and P-values are shown in the table (*= P < 0.05, **= P < 0.01, ***= P < 0.001, ****=P < 0.0001), also “ns” stands for not statistically 
significant
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disease worsens [49, 50]. Consistent with this, the circu-
lating levels of CD44v6 in peripheral blood mononuclear 
cells (PBMCs) of patients was evaluated. Our data 
revealed an overexpression of CD44v6 in patients with 
osteosarcoma and chondrosarcoma compared to patients 
with GCT (giant cell tumor). However, no significant 
association was found between the circulating level of 
CD44v6 and tumor grade or metastasis. No study regard-
ing the level of CD44v6 in PBMCs of patients with bone 
sarcoma had been conducted so far and our study offers 
the advantage of concurrently assessing the alterations in 
CD44v6 profile in both liquid biopsy and the tumor site. 
Synder et al. provided evidence that CD44v6-positive 
breast tumor cells exhibit stem cell-like properties, 
including self-renewal and tumorigenesis. This suggests 
the diagnostic significance of assessing CD44v6 in circu-
lating tumor cells (CTCs) [24]. Zhou Gang et al. 

demonstrated that mRNA levels of CD44v6 in peripheral 
blood mononuclear cell (PBMC) samples from patients 
with pancreatic cancer were elevated compared to the 
control group. Furthermore, the levels of CD44v6 gene 
and protein expression were found to be associated with 
tumor stage, tumor differentiation, and liver metastasis 
[51]. Previous studies have suggested the potential use of 
peripheral blood mononuclear cells (PBMCs) as a source 
of circulating tumor cells (CTCs) [52]. However, the pres-
ence of non-tumor cells within these populations can 
impact the accuracy of gene status assessment. Therefore, 
it is necessary to evaluate the expression profile of 
Cd44v6 in isolated and characterized CTCs in order to 
reach a definitive conclusion. Additionally, expanding the 
study to include a broader range of disease severity and 
patient population would further enhance its scope and 
relevance. It is important to highlight that this study had 

Fig. 4  The gene expression level of CD44v6 in PBMCs of patients with primary bone tumors. The circulating level of CD44v6 in the PBMCs of patients 
with osteosarcoma and chondrosarcoma tumors was higher compared to patients with GCT; while the difference between osteosarcoma and chon-
drosarcoma groups was not significant (A). No statistically significant difference was detected between the expression level of CD44v6 in the PMBCs of 
patients with osteosarcoma (B) and chondrosarcoma (C) as e matter of tumor grade and metastasis. The statistical differences between groups are shown 
as asterisks and the details of the compared groups and P-values are shown in the table (*= P < 0.05, **= P < 0.01, ****=P < 0.0001) also “ns” stands for not 
statistically significant

 



Page 10 of 13Hosseini et al. BMC Musculoskeletal Disorders          (2023) 24:607 

a few limitations. First, in this study, ethical constraints 
led to the consideration of the tissue surrounding the 
tumor as a control tissue that is deemed healthy. 
Although this approach is commonly employed in vari-
ous studies [53, 54], it is preferable to utilize healthy tis-
sue with the same cellular origin as the tumor for 
improved accuracy and reliability. Second, while this 
study offers the benefit of comparing the CD44v6 profile 
alterations in three distinct bone tumor types, it is also 
recommended to investigate the expression pattern 
changes of this factor within both benign and malignant 
tumors for each of these tumor types. To arrive at a more 
accurate inference regarding the significance of the 
CD44v6 biomarker’s role, it becomes imperative to ana-
lyze the impact of treatment protocols and chemotherapy 
while assessing the fluctuating trends of this element in 
patients subjected to various chemotherapy regimens. 

Additionally, for a more comprehensive exploration of 
recurrent tumors and their distinctions, it is advisable to 
simultaneously investigate both the primary tumor and 
the relapsed tumor of each patient.

Conclusion
According to our data, the levels of gene and protein 
expression of CD44v6 were found to be higher in osteo-
sarcoma, chondrosarcoma, and GCT tumor tissues com-
pared to normal bone tissue. Additionally, the increased 
level of CD44v6 was significantly associated with tumor 
grade, metastasis, and the extent of tumor deterioration. 
These findings indicate that it is essential to investigate 
the potential biomarker role of CD44v6 individually for 
each tumor type due to variations in gene expression. 
Furthermore, we observed a simultaneous increase in 
CD44v6 expression and a similar pattern of expression 
both at the tumor site and in peripheral blood samples 
of patients. This suggests that evaluating CD44v6 expres-
sion in the tumor site and blood of primary bone tumors 
can serve as informative measures for monitoring dis-
ease progression over time. Our study, along with other 
research, provides evidence supporting the potential 
prognostic value of CD44v6 in primary bone tumors for 
further evaluations.

Table 3  The Logistic regression of CD44v6 in tumor tissues
Dependent Independent 

variable
OR 95% CI P 

value
Malignancy
(Benign Vs. Malignant)

CD44v6 (Gene) 0.38 0.001–
107.5

0.74

CD44v6 
(Protein)

3.34 0.96–11.57 0.06

Tumor grade
(Low grade Vs. High 
grade)

CD44v6 (Gene) 7.071 1.15–43.31 0.03

CD44v6 
(Protein)

1.206 1.05–1.39 0.01

Metastasis
(Negative Vs. Positive)

CD44v6 (Gene) 14.602 2.18–97.94 0.006

CD44v6 
(Protein)

1.09 0.95–1.25 0.23

Recurrence
(Negative Vs. Positive)

CD44v6 (Gene) 8.12 1.06–61.99 0.04

CD44v6 
(Protein)

1.26 1.01–1.57 0.04

Table 4  The diagnostic values of CD44v6 to differentiate different groups of primary bone tumors (ROC curve information)
Sample group Sub-groups Cutoff point Sensitivity (%) Specificity (%) AUC P-value
CD44v6 gene in tumor Osteosarcoma Vs. GCT < 0.83 87% 76% 0.888 0.0001

Chondrosarcoma Vs. GCT < 0.80 78% 70% 0.829 0.0001

GCT Vs. Control < 0.10 100% 96% 0.959 0.0001

Osteosarcoma Vs. Control < 0.464 100% 96% 0.989 0.0001

Chondrosarcoma Vs. Control < 0.497 95% 92% 0.979 0.0001

CD44v6 gene in PBMC Osteosarcoma Vs. GCT < 0.10 87% 83% 0.870 0.0001

Chondrosarcoma Vs. GCT < 0.085 69% 70% 0.767 0.002

GCT Vs. Control < 0.01 82% 78% 0.919 0.0001

Osteosarcoma Vs. Control < 0.028 100% 92% 0.996 0.0001

Chondrosarcoma Vs. Control < 0.031 95% 92% 0.992 0.0001

CD44v6 protein in tumor Osteosarcoma Vs. GCT < 14.03 100 96% 0.996 0.0001

Chondrosarcoma Vs. GCT < 12.43 91% 87% 0.975 0.0001

GCT Vs. Control < 7.3 91% 87% 0.979 0.0001

Osteosarcoma Vs. Control < 10.69 95% 96% 0.991 0.0001

Chondrosarcoma Vs. Control < 12.5 91% 87% 0.968 0.0001
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