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Evaluation of SOX4 levels in multiple myeloma patients

Multiple myeloma (MM) is a complex hematologic cancer 
in which many factors interplay to promote cancer pro-
gression. MM is characterized by clonal proliferation of 
malignant plasma cells within the bone marrow which, in 
most cases, leads to abnormal expansion of a monoclonal 
component. In several cases, MM is preceded by a mono-
clonal gammopathy of undetermined significance (MGUS) 
or by smoldering multiple myeloma (SMM). MGUS and 
SMM are asymptomatic conditions characterized by the 
presence of monoclonal cells. SMM can be distinguished 
from MGUS by a higher risk of progression to MM (10% vs. 
1%, respectively, in the first 5 years).1 
MM invariably relapses, even after the administration of 
new advanced therapeutic regimens (https://seer.cancer.
gov/statfacts/html/mulmy.html). The tumor microenvi-
ronment can play a crucial role in both MM development 
and progression: MM tumor cells interact with stromal 
cells and with the extracellular matrix in an altered in-
flammatory milieu.2 The release of inflammatory cytokines 
triggers physical adhesion and settling of MM cells in the 

bone marrow.3 MM-specific bone marrow mesenchymal 
stromal cells, together with inflammation, play a pivotal 
role in fostering tumor resistance, as well as survival and 
proliferation of MM cells.2,3

Transcription factors, deregulating the expression of pivotal 
genes,4 are of paramount importance in the development 
and progression of MM. In particular, the transcription 
factor SOX4 is involved in cell proliferation, cell survival, 
inhibition of apoptosis and general tumor progression.4 Its 
pro-oncogenic activity has been demonstrated in many solid 
tumors.5,6 SOX4 is also expressed in MM cell lines and its 
downregulation is linked to cell toxicity.7 In solid cancers 
such as oral squamous cell carcinoma, SOX4 contributes 
to trigger inflammation. SOX4 expression is enhanced by 
transforming growth factor beta 1 (TGFβ1), which is often 
dysregulated in hematologic malignancies.8 TGFβ1 drives 
the expression and transcriptional activity of SOX4 during 
epithelial to mesenchymal transition of breast and gastric 
cancer.4,9 Previous studies showed that both MM cells and 
bone marrow stromal cells produce high levels of TGFβ1, 

Figure 1. Constitutive expression of SOX4 in patients’ samples. (A) Analysis of SOX4 basal levels in CD138+ plasma cells, per-
formed by reverse transcriptase polymerase chain reaction (RT-PCR), on nine samples from patients with monoclonal gam-
mopathy of undefined significance/smoldering multiple myeloma (MGUS/SMM) and on 74 specimens from patients with overt 
multiple myeloma (MM). The MM group comprises samples derived from newly diagnosed (ND-MM) and treated (T-MM) patients. 
Total RNA extraction was performed using Trizol RNA Isolation Reagents (Thermo Fisher Scientific, Carlsbad, CA, USA). SOX4 
(Hs.PT.58.24974948.g, IDT, San Diego, CA, USA) expression level was normalized to the levels of the housekeeping genes, HPRP1 
(Hs.PT.58v.4545621572, IDT, San Diego, CA, USA) and ACTB (actin B,Hs.PT.39a.22214847, IDT, San Diego, CA, USA), using the -ΔΔCt 
relative quantification method. The solid line within the box plot represents the mean value, the x denotes the median value.  
The statistical analysis was performed by a Student’s t test for unpaired data. ***P<0.001. (B) SOX4 basal expression, detect-
ed by RT-PCR and using ACTB (Hs.PT.39a.22214847, IDT, San Diego, CA, USA) as a housekeeping gene, in CD138+ patients’ plas-
ma cells. The assay was performed on nine MGUS/SMM samples (used as control), 31 ND-MM samples and 43 T-MM samples. 
The solid line within the box plot represents the mean value, the x denotes the median value. The statistical analysis was 
performed by one-way analysis of variance for independent samples with Tukey’s honestly significant difference as a post hoc 
test. **P<0.01, ***P<0.001.
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leading to tumor progression.10

SOX4 regulates the expression of membrane molecules 
that play a crucial role in tumor-niche interactions, such 
as CD56, a membrane glycoprotein expressed in neural 
tissues, natural killer cells and T lymphocytes.11 Multiple 
studies have indicated that CD56 is expressed in 55-85% 
of patients with MM, but not in normal plasma cells.12 Its 
expression is inversely correlated with the number of cir-
culating plasma cells and with the extent of bone marrow 
infiltration.13 High CD56 expression is associated with the 
presence of lytic bone lesions.13 Iqbal et al. demonstrated 
that overexpression of SOX4 upregulates the expression of 
CD5614 and, in turn, SOX4 silencing leads to downregulation 
of CD56 and cell apoptosis. In hematologic malignancies, the 
inflammatory state in the tumor microenvironment is also 
maintained by progranulin (PGRN),15 a cytokine that drives 
tumor growth, survival, and drug resistance in many types 
of tumors. In the bone marrow microenvironment PGRN 
modulates the function of cancer-associated fibroblasts 
and immune cells, in turn promoting cancer progression.15

Previously, we reported on the role of SOX4 in a panel of 
MM cell lines.7 Given the importance of the bone marrow 
niche in both the development and growth of MM, we here 
extended our analysis to an investigation of SOX4, CD56 and 
PGRN in plasma cells from therapy-resistant MM patients 
compared to MGUS/SMM patients. Our aim was to analyze 
SOX4 in plasma cells derived from a pathological context, 

taking into account the role of the tumor microenvironment 
niche and inflammation on its expression. To the best of 
our knowledge this is the first analysis of SOX4, tumor mi-
croenvironmental factors and CD56 in samples from MM 
patients over the course of the evolution of their disease.
Our study, approved by the Ethics Committee (code: CRO-
2021-31) of the Centro di Riferimento Oncologico di Aviano 
(CRO-IRCCS), and performed in accordance with the Decla-
ration of Helsinki, involved 67 patients. Each patient signed 
informed consent. Our samples comprised pre-MM (MGUS) 
and not active MM (SMM) (included in the same control 
group [N=9]), active, newly diagnosed MM (ND-MM) (N=31) 
and treated MM (T-MM) (N=43) (Online Supplementary Table 
S1). The discrepancy between the number of samples and 
the number of patients is due to the fact that some patients 
underwent multiple bone morrow biopsies. The T-MM group 
included patients who underwent pharmacological ther-
apy with or without autologous stem cell transplantation. 
The MGUS/SMM samples were considered as the baseline 
reference, while ND-MM samples were considered to have 
come from treatment-naïve patients. 
We evaluated basal SOX4 expression in CD138+ plasma cells 
and found it to be significantly increased (3.5-fold mean 
value) in pooled samples from ND-MM and T-MM patients 
compared to MGUS/SMM patients (Figure 1A). Based on 
SOX4 expression levels, MGUS/SMM samples were classi-
fied as low and MM as high expressors. When compared to 

Figure 2. SOX4 expression in biopsies from patients with treated multiple myeloma. SOX4 (Hs.PT.58.24974948.g, IDT, San Diego, 
CA, USA) expression levels, normalized using ACTB (actin B, Hs.PT.39a.22214847, IDT, San Diego, CA, USA) as a housekeeping gene. 
(A) Gene levels in patients with treated multiple myeloma (T-MM) based on disease progression. The solid line within the box plot 
represents the mean value, the x denotes the median value. The statistical analysis was performed by one-way analysis of vari-
ance for independent samples with Tukey’s honestly significant difference as a post hoc test. **P<0.01, ***P<0.001. (B) Gene 
expression level in first and second bone marrow biopsies in samples from patients with recurrent T-MM. The statistical analysis 
was performed by a Student’s t test for unpaired data. **P<0.01. PC: plasma cells; BOM: bone marrow biopsy.
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Figure 3. Correlation between CD56 expression on the surface 
of plasma cells, SOX4 expression and inflammation state in 
bone marrow niche. Transforming growth factor beta 1 (TGFβ1; 
5 ng/mL for 12 hours in whole RMPI medium) upregulates SOX4 
and CD56 expression in commercial U266 (ATCC® TIB-196™, 
Manassas, VA, USA) and RPMI-8226 (ATCC® CCL-155™, Manas-
sas, VA, USA) cell lines. (A) SOX4 (lower panels) and CD56 
(upper panels) were analyzed using IDT PrimeTime® Predesigned 
qPCR Assays (Hs.PT.58.24974948.g for SOX4 and Hs.
PT.58.39694135 for CD56; IDT, San Diego, CA, USA). The histo-
gram values represent the mean of three independent exper-
iments. Bars represent the standard deviation. The statistical 
analysis was performed by a Student’s t test for unpaired 
data. *P<0.05, **P<0.01. (B) CD56 expression on the surfaces 
of U266 and RPMI cells, as evaluated by fluorescence-activat-
ed cell sorting (FACS) analysis at 0 and 12 hours after incuba-
tion with TGFβ1 (NCAM1/CD56-APC BD Biosciences, #341027). 
(C) There was a significant, direct correlation (R2=0.49, P=0.02) 
between SOX4 (x axis) and CD56 (y axis) expression, as deter-
mined by IDT PrimeTime® Predesigned qPCR Assays (Hs.
PT.58.24974948.g for SOX4 and Hs.PT.58.39694135 for CD56; 
IDT, San Diego, CA, USA). Data are shown as fold change values 
in CD138-positive cells from 20 patients’ samples using actin 
B as the housekeeping gene. Data were analyzed by standard 
regression analysis. (D, E) TGFβ1 and progranulin (PGRN) con-
centrations in bone marrow CD56-negative (N=12) and CD56-pos-
itive (N=20) samples. The presence of CD56 was detected by 
FACS assay (NCAM1/CD56-APC BD Biosciences, #341027), in-
tended for the diagnosis and follow-up of multiple myeloma. 
The concentrations of active TGFb1 (D) and PRGN (E) in bone 
marrow plasma collected from enrolled patients were deter-
mined using a Quantikine ELISA Immunoassay (R&D systems, 
Bio-Techne Ltd., UK Cat. N. DY240) and human PGRN ELISA kit 
(AdipoGen Inc. Cat. N. AG-45A-0018YEK-KI01) according to the 
manufacturers’ instructions. The optical density of each sam-
ple was determined using a microplate reader (Tecan INFINITE 
M200) set at 450 nm, with wavelength correction set at 540 
nm. The concentrations of TGFβ1 and PGRN were calculated 
using standard curves, considering the dilution factors, and 
healthy donor peripheral serum samples were used as control. 
The solid line within the box plot represents the mean value, 
the x denotes the median value. The statistical analysis was 
performed by a Student’s t test for unpaired data. *P<0.05.
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levels in ND-MM, SOX4 only tended (P=0.07) to increase in 
T-MM (without distinction based on therapeutic response), 
probably due to the low number of samples and the het-
erogeneity of MM (Figure 1B).
In T-MM samples, SOX4 expression was compared to tumor 
progression. SOX4 expression was high in samples from 
patients in clinical progression and, conversely, was low in 
samples from patients in clinical remission (Figure 2A). A 
longitudinal survey in T-MM patients over a 6- to 12-month 
interval showed that SOX4 basal levels were significantly 
higher at the time of the second biopsy than at the time 
of the first biopsy (P<0.01) (Figure 2B). This suggests that 
SOX4 is upregulated in the transition from premalignant 
and inactive MM to overt malignant MM, as observed in 
solid tumors,5,6 and that its levels of expression reflect 
tumor progression. 
To assess the impact of inflammation on SOX4 and the 
adhesion molecule CD56, we treated MM cell lines with 
TGFβ1 (5 ng/mL). We found that, within 12 hours, TGFβ1 
upregulated the transcription levels of both SOX4 and 
CD56 (Figure 3A) and CD56 expression (Figure 3B). Next, 
we sought a link between SOX4 and CD56 in plasma cells 
derived from MM patients. By regression analysis, we found 
a direct and significant (P=0.02) correlation between SOX4 
and CD56 transcription levels in bone marrow CD56-pos-
itive samples based on routine fluorescence-activat-
ed cell sorting analysis (Figure 3C). Samples defined as 
CD56-negative were also tested by reverse transcriptase 
polymerase chain reaction analysis, which failed to detect 
CD56 mRNA expression (data not shown), and were not 
included in this analysis. 
Samples characterized by high expression of CD56 showed 
enhanced expression of TGFβ1 (P<0.05), explaining the per-
sistence of high SOX4 levels in T-MM patients as a conse-
quence of a TGFβ1-rich milieu. In MM patients, TGFβ1 indi-
rectly upregulates the adhesion molecule CD56, providing 
plasma cells with greater binding to the tumor niche and 
potentially contributing to cancer cell survival.14 CD56-pos-
itive samples also had significantly increased levels of 
PGRN (P<0.01) compared with CD56-negative samples 
(Figure 3D, E). PGRN was increased in the bone marrow 
of CD56-positive patients, suggesting its role in triggering 
the activation of inflammatory pathways in the presence 
of plasma cells in MM. PGRN is involved in PD-L1 upreg-
ulation on macrophages, thus leading to cancer immune 
escape.11 Therefore, PGRN released in the MM bone niche 
acts as an autocrine growth factor promoting the survival 
of cancerous plasma cells.11 
In conclusion, we report high levels of SOX4 in full-blown 
MM which persist and increase over time regardless of 
therapy, suggesting a possible diagnostic use of SOX4 as a 
marker of disease progression. Our data confirm that SOX4 
expression is enhanced by TGFβ1,7,9 a cytokine enriched in 
the MM cancer niche8 which increases SOX4 and CD56, re-
ducing apoptosis.8 We also found increased levels of PGNR 

in CD56-positive samples, suggesting  that TGFβ1 could 
synergize with PGNR to create a tumor-protective micro-
environment, promoting immune suppression and therapy 
resistance. Since chemotherapy per se induces systemic 
and localized tumor microenvironment inflammation, the 
observed SOX4 upregulation during MM evolution may be 
a consequence of chemotherapy itself. A persistent upreg-
ulation of SOX4 is associated with cell proliferation, a key 
feature of MM as an incurable disease. Our data suggest 
that SOX4 could be considered as a new therapeutic target 
to delay disease relapse in MM.
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