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ARTICLE INFO abstract

FXYD3 is a Na/K-ATPase regulator which has been recently associated with different 
cancers development and progression; consequently, FXYD3 has been proposed in those 
as a potential therapeutic target. By contrast, no data are available concerning FXYD3 ex-
pression in hematological malignancies. In this study we aimed to assess FXYD3 gene ex-
pression in a large panel of B-cell derived lymphoid malignancies and to evaluate possible 
clinic-pathological correlations. Normal B-cell subsets served as control. We found that 
FXYD3 gene was not significantly modulated in normal B-cells. By contrast, BL, DLBCL, 
PMBCL, and PCM presented with a significant over-expression of the gene when compared 
to their cellular counterpart (p<0.0006).  Interestingly, tumors characterized by higher 
FXYD3 expression presented with a significant enrichment in specific cellular functions 
and pathways, including NFkB pathway, WNT/B-catenin signaling, and MYC network, 
while FXYD3 levels also turned out to be directly related to PRDM1/BLIMP1. Finally, high-
er FXYD3 expression was not significantly associated with patients’ survival in PCM and 
DLBCL, though a trend in favour of patients with lower expression was recorded in DLBCL 
cases. In conclusion, we unveiled FXYD3 gene over-expression in specific non-Hodgkin 
lymphoma subtypes and PCM, providing evidences of its involvement in their pathobiolo-
gy. Future studies are needed to define its precise role.

Introduction
The FXYD domain containing ion transport regulator 3 

(FXYD3) belongs to the FXYD protein family, originally identified 
by Sweadner and Rael [1] basing on sequence similarity, and 
accounting in mammal for at least seven members. All these 
proteins have a signature sequence of six highly conserved amino- 
acids, comprising the FXY motif in the NH2-terminus and two  

 
glicines and one serine in the transmembrane domain. Despite 
that, the NH2 and COOH-termini remain variable among different 
members of FXYD proteins [2].

The major role of FXYD proteins consist in their ability to inter-
act with Na/K-ATPase, adapting its activity to changing physiologi-
cal demands [2]. Despite that, FXYD proteins seem to be involved in 
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a higher number of physiological process, most of which have not 
been completely elucidated.  One of the most interesting proteins 
of the FXYD family, that has been connected to tumor development 
and progression, is mammary tumor marker 8 (MAT-8, or FXYD3). 
FXYD3 was first identified in murine breast tumors initiated by 
NEU or RAS, and functional characterization showed that FXYD3 is 
capable of inducing ion-specific conductance when overexpressed 
in Xenopus oocytes.

While in normal tissue FXYD3 is mainly expressed in the co-
lon, stomach, uterus and skin, it was also found to be expressed in 
breast tumor, in prostate tumor and in colorectal tumor. Notewor-
thy, it has been shown that siRNA-mediated inhibition of FXYD3 ex-
pression causes a reduction of cell proliferation in prostate cancer 
cell lines, so FXYD3 is probably also directly or indirectly involved 
in cell proliferation and it does not simply modulate the activity of 
Na/K-ATPase.

Different researchers are now attempting to determine the 
importance of FXYD3 in numerous type of cancers. In this regard, 
Loftas and Colleagues demonstrated that strong expression of the 
membrane protein FXYD3 was associated with infiltrative tumor 
growth and a reduction in tumor necrosis in rectal cancer, while 
tumors with weak FXYD3 expression had better prognosis after 
radiotherapy [3]. Another study proposed that a strong FXYD3 ex-
pression might help in protecting the Na/K-ATPase from the high 
level of oxidative stress characteristic of many tumors and also in-
duced by cancer treatment in breast cancer cell lines [4]. It is also 
interesting to notice that, regarding breast cancer, the administra-
tion of estrogen and tamoxifen has been connected with the up-reg-
ulation of FXYD3 [5]. Very recently, FXYD3 has been also proposed 
as potential target for innovative therapeutic approaches in pros-
tate cancer. In this study, we aimed to determine the expression and 
potential role of FXYD3 in B-cell derived human lymphomas.

Materials and Methods

Case Series

We studied the expression of FXYD3 gene in a discovery cohort 
of 277 cases for which we previously generated Gene Expression 
Profiles (GEP) (GSE12195 [6]; GSE4732 [7]; GSE16455 [8]; 
GSE12453 [9]; GSE35426 [10]; GSE24080 [11-13]. Specifically, 
we analyzed 46 Burkitt Lymphoma (BL), 46 Diffuse Large B-Cell 
Lymphoma (DLBCL), 40 Follicular Lymphoma (FL), 24 Marginal 
Zone Lymphoma (MZL), 22 Mantle Cell Lymphoma (MCL), 27 
Chronic Lymphocytic Leukemia (CLL), 12 Classical Hodgkin 
Lymphoma (cHL), 5 nodular lymphocyte predominant HL, and 
10 Plasma Cell Myeloma (PCM) cases; furthermore, 20 samples 
representative of normal B-cell subsets (10 germinal center, GC, 5 
naïve, 5 Memory, and 5 plasma cells samples) were included [14].

Gene Expression Analyses

Gene expression analysis was carried out as previously 
reported concerning supervised, unsupervised and gene set 

enrichment analyses [12,13,15-19]. Briefly, the expression value 
of each selected gene was normalized to have a zero mean value 
and unit standard deviation. The distance between two individual 
samples was calculated by Pearson correlation with the normalized 
expression values. Unsupervised clustering was generated using 
a hierarchical algorithm based on the average-linkage method. 
To perform the supervised gene expression analysis, we used 
Gene Spring GX 12 (Agilent Technologies, Santa Clara, CA, USA). 
Differentially expressed genes between different groups were 
identified using a two-tails Student t-test and adjusted Benjamini-
Hochberg correction for false discovery rate, applying the following 
filtering criteria: p-value <0.05, and fold change>2.  

Gene Set Enrichment Analysis (GSEA) of the interested gene 
sets was performed in the terms of Gene Ontology (GO) Biological 
Processes, Curated gene sets and Hallmark genes using GSEA 
MsigDB (www.broadinstitute.org/gsea/msigdb) web-based 
analysis tool [19], setting the options to the default (displaying top 
10 gene sets with FDR q-value below 0.05). All data were obtained 
using Affymetrix HG-U133 2.0 plus microarrays (Affymetrix, Inc. 
http://www.affymetrix.com/support/index.affx. When we focused 
our analysis on FXYD3 expression, we identified FXYD3 expression 
using two different probe sets (202488_s_at; and 20489_s_at) in 
the HG-U133 2.0 plus microarray. The median value from the two 
probes was used for the analysis. 

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics 
20.0 and Prism (GraphPad softwares, USA). ANOVA and unpaired 
T-tests were used for continuous variables examination. When 
a sample size was less than 10 cases in at least 1 group a non-
parametric (Mann-Whitney) test was used to analyze the GEP data 
to compare FXYD3 expression in different subgroups. Survival 
analyses were performed by Kaplan-Meier method. Two-sided 
tests were used in all calculations. The limit of significance for all 
analyses was defined as p<0.05. Survival analyses for DLBCL and 
PCM patients were carried out using the GSE34171 and GSE24080 
datasets, respectively. 

Results 

FXYD3 is Over-Expressed in Burkitt lymphoma, Diffuse 
Large B-Cell Lymphoma, Plasma Cell Myeloma And 
Primary Mediastinal B-Cell Lymphoma

First of all, we investigated FXYD3 expression in normal tissues 
including bone marrow and lymph nodes by referring to the Human 
Protein Atlas (https://www.proteinatlas.org/ENSG00000089356-
FXYD3/tissue). We observed that non neoplastic hematopoietic 
tissues presented with a very limited expression at both mRNA and 
protein level. Conversely, gastro-intestinal tract as well as prostate 
presented the highest expression scores (Figure 1A & 1B).  

We then sought to analyse the expression of FXYD3 gene 
in different phases of B-cells development, including germinal 
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centre (GC), memory B cell, naïve B cell and plasma cells, without 
finding any significant modulation throughout the germinal centre 
transition (ANOVA, p=0.87; Figure 2A). Following, we studied the 
expression of FXYD3 gene in a large panel of lymphoid malignancies, 
including Hodgkin and non-Hodgkin lymphomas, CLL and PCM. 
The variance analysis showed a quite significant variability among 
samples (ANOVA, p<0.0001; Figure 2B). Particularly, the germinal 

center derived aggressive lymphomas (BL, DLBCL, and PMBCL), 
as well as PCM showed the highest expression values across the 
panel (Figure 2C). Indeed, the direct comparison of tumors vs. their 
corresponding cellular counterpart, indicated a significant over-
expression of FXYD3 gene (Figure 3A-3D).  Detailed expression 
values of FXYD3 gene in the different categories are reported in 
Table 1.

Figure 1: FXYD3 gene expression in lymphoma subtypes at mRNA (A) and protein (B) levels. Data obtained from The Human 
Protein Atlas.

Figure 2: FXYD3 gene expression in normal and neoplastic samples. A) FXYD3 gene expression in non-neoplastic B-cell 
subsets; B) FXYD3 gene expression in lymphomas, CLL and PCM; C) Interaction bar plot indicative of subsets with the highest 
expression values.
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Figure 3: FXYD3 gene over-expression in BL, DLBCL, PMBCL and PCM, in contrast with their normal counterparts (panels A, 
B, C, and D, respectively).

Table 1: FXYD3 gene expression values in normal and neoplastic samples.

Count Mean Std. Dev. Std. Err. Std.Error

Naive cells 5 -0.194 0.211 0.095

Germinal center cells 10 -0.301 0.327 0.103

Memory cells 5 -0.303 0.29 0.13

Plasmacells 5 -0.336 0.277 0.124

BL 46 0.414 0.637 0.094

cHL 12 -0.041 0.479 0.138

CLL 27 -0.395 0.468 0.09

DLBCL 46 0.411 0.303 0.045

FL 40 -0.181 0.431 0.068

MCL 22 -0.618 0.26 0.055

nLPHL 5 -0.08 0.259 0.116

PCM 10 0.706 0.702 0.222

PMBCL 20 0.309 0.323 0.072

SMZL 24 -0.372 0.536 0.109

FXYD3 Over-Expression is Associated with Specific 
Pathways and Cellular Programs

In order to determine the possible role that the over-
expression of FXYD3 gene has for BL, DLBCL, PCM and PMBCL, 
we investigated whether FXYD3 over-expression was paralleled 
by over-expression of genes involved in specific cellular functions 
and/or pathways. To address this issue, we first compared by Gene 
Set Enrichment Analysis (GSEA) cases that, irrespectively of their 
histology, presented with the highest (above the 75th percentile) 

and the lowest (below the 25th percentile) FXYD3 gene expression 
values. We identified 112 gene sets differentially expressed in the 
two groups (p<0.05) (Table 2). Among others, we observed that 
cases presenting with the highest FXYD3 expression presented 
with significant enrichment of genes related to WNT/B-catenin 
signaling, NFKB signaling, MYC pathway, IGF1/MTOR pathway 
and adenovirus infection (Figure 3). Further, the highest FXYD3 
expression was associated with epigenetic reprogramming, 
hematopoietic stem cell proliferation, DNA damage check point and 
protein acetylation (Figure 4). 
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Table 2: Gene set enrichment analysis (GSEA) of cases with higher or lower (75° vs 25°) FXYD3 gene expression (top 20 are shown).

    Normalized enrichment score (NES) p-value

Hallmark Gene sets (H) HALLMARK WNT BETA CATENIN SIGNALING 1.62 0.023

Curated gene sets (C2)

JAIN NFKB SIGNALING 1.96 0.002

HUMMEL BURKITTS LYMPHOMA UP 1.9 0.01

BIOCARTA SKP2E2F PATHWAY 1.81 0.002

KUUSELO PANCREATIC CANCER 19Q13 AMPLIFICATION 1.8 0.008

PID MYC PATHWAY 1.8 0.008

SCHLOSSER MYC TARGETS AND SERUM RESPONSE DN 1.76 0.022

SCHLOSSER MYC TARGETS AND SERUM RESPONSE UP 1.74 0.035

SCHLOSSER MYC AND SERUM RESPONSE SYNERGY 1.72 0.023

CAFFAREL RESPONSE TO THC UP 1.71 0.01

WALLACE JAK2 TARGETS UP 1.7 0.015

BIOCARTA IGF1MTOR PATHWAY 1.68 0.008

WELCH GATA1 TARGETS 1.68 0.012

REACTOME PIP3 ACTIVATES AKT SIGNALING 1.66 0.015

PID BETA CATENIN DEG PATHWAY 1.65 0.018

REACTOME NOTCH1 INTRACELLULAR DOMAIN REGULATES 
TRANSCRIPTION 1.64 0.016

YAMASHITA LIVER CANCER WITH EPCAM UP 1.63 0.039

LAIHO COLORECTAL CANCER SERRATED DN 1.63 0.034

DORN_ADENOVIRUS INFECTION 24HR UP 1.63 0.022

REACTOME FORMATION OF ATP BY CHEMIOSMOTIC COUPLING 1.63 0.042

RODWELL AGING KIDNEY NO BLOOD DN 1.63 0.01

Gene Ontology (GO) 
Biological Processes Gene 

set (C5)

GO N TERMINAL PROTEIN AMINO ACID MODIFICATION 2.03 0

GO N TERMINAL PROTEIN AMINO ACID ACETYLATION 1.82 0.006

GO REGULATION OF TELOMERE CAPPING 1.8 0.004

GO RNA STABILIZATION 1.8 0.004

GO NEGATIVE REGULATION OF TRANSLATIONAL INITIATION 1.79 0.006

GO PEPTIDYL METHIONINE MODIFICATION 1.78 0.002

GO MYELIN MAINTENANCE 1.77 0.002

GO HEMATOPOIETIC STEM CELL PROLIFERATION 1.76 0.018

GO INTRA S DNA DAMAGE CHECKPOINT 1.72 0.014

GO POSITIVE REGULATION OF TELOMERE MAINTENANCE VIA 
TELOMERE LENGTHENING 1.71 0.018

GO POSITIVE REGULATION OF TELOMERE CAPPING 1.71 0.022

GO POSITIVE REGULATION OF GLUCOSE METABOLIC PROCESS 1.7 0.007

GO DNA LIGATION 1.69 0.018

GO MITOCHONDRIAL RNA PROCESSING 1.67 0.004

GO HISTONE METHYLATION 1.67 0.015

GO MATURATION OF SSU RRNA FROM TRICISTRONIC RRNA 
TRANSCRIPT SSU RRNA 5 8S RRNA LSU RRNA 1.67 0.028

GO POSITIVE REGULATION OF NEURON APOPTOTIC PROCESS 1.66 0.01

GO DEMETHYLATION 1.66 0.015

GO CYTOPLASMIC TRANSLATION 1.66 0.025

GO REGULATION OF FEEDING BEHAVIOR 1.66 0.016
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Figure 4: GSEA – FXYD3 High vs. Low (75° vs 25°) – Selected Hallmark/Curated gene sets are plotted.

FXYD3 Expression Depends on PRDM1/BLIMP1

In order to assess whether FXYD3 gene expression was related 
to any specific transcription factor known to be involved in B-cell 
tumorigenesis, we studied the expression of BCL6, MYC, IRF4, 
PRDM1/BLIMP1, and STAT3 and correlated it to FXYD3. We found 
that PRDM1/BLIMP1 expression was significantly correlated with 
FXYD3one (p<0.0001); by contrast, BCL6, MYC, IRF4, and STAT3did 

not present any significant degree of correlation with FXYD3 (Fig-
ures 5 & 6). The correlation was still significant when only BL, DLB-
CL, PMBCL, and PCM (i.e. the tumors in which FXYD3 over-expres-
sion was documented) were considered. However, since PRDM1/
BLIMP1 is consistently expressed in PCM, as in non-neoplastic plas-
ma cells, we then intended to analyze BL, DLBCL, and PMBCL only. 
Again, the correlation was highly significant (p=0.025; Figure 6F). 

Figure 5: GSEA – FXYD3 High vs. Low (75° vs 25°) – Selected Gene Ontology Biological Processes gene sets are plotted.
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Figure 6: FXYD3 expression is related to PRDM1/BLIMP1. Correlation between FXYD3 and MYC (A), BCL6 (B), IRF4 (C), and 
STAT3 (D) expression; all samples included. Correlation between FXYD3 and PRDM1: E) All samples included; F) Only BL, 
DLBCL, and PMBCL included.

FXYD3 Over-Expression is not Related to Clinical 
Aggressiveness And Survival in DLBCL and PCM

Last, we sought to determine whether the over-expression of 
FXYD3 gene could be related to clinical aggressiveness and survival 
in DLBCL and PCM, large panel of cases provided with clinical 
information being available for these two diseases but not for 
PMBCL and BL. While some studies have shown that the expression 
of FXYD3 may be capable of influencing clinical aggressiveness and 
prognosis in other tumors [3], we failed to identify any significant 
correlation. Particularly, in DLBCL, the International Prognostic 

Index (IPI), the most widely used clinical parameter to predict 
DLBCL outcome, was not significantly associated with FXYD3 
gene expression (Figure 6A). Consistently, it was not significantly 
associated with the Overall Survival (OS), though a slight trend 
in favor of patients with the lowest values could be observed 
(Figure 6B-C). We cannot exclude, however, that in larger data sets 
provided with complete molecular (i.e. ABC vs. GCB), genetic (MYC/
BCL2/BCL6 abnormalities) and phenotypic (double expressor vs. 
standard) it might be possible to detect significant correlations. In 
PCM patients, FXYD3 gene expression was not related to the OS, nor 
any trend could be noted (Figure 7A-B). 

Figure 7: Prognostic value of FXYD3 gene expression in DLBCL. A) association with the IPI; B) association with the overall 
survival (above vs. below the 50° percentile); C) association with the overall survival by quartiles of expression.
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Discussion
Our study aimed to determine for the first time the expression 

of FXYD3gene in non-neoplastic B-cell subsets as well as in 
different types of B-cell neoplasms. We observed a significant 
over-expression of the gene in aggressive germinal center derived 
lymphomas (namely, BL, DLBCL, and PMBCL), as well as in PCM. 
This expression pattern was definitely interesting. In fact, on the 
one hand it did not directly reflect tumor aggressiveness, since 
MCL showed pretty low values while PCM showed rather high 

ones. On the other hand, it did not reflect the cellular origin, since 
neither FL nor HL, two germinal center derived neoplasms, did 
parallel the expression patterns observed in the other GC-derived 
malignancies. Therefore, although FXYD3 expression tended to be 
higher in highly proliferating lymphomas (BL, DLBCL, and PMBCL), 
its over-expression, documented also in PCM, a tumor generally 
characterized by a lower proliferating rate, did not appear to be 
related to a single feature but rather to be referred to specific single 
entities (Figure 8).

Figure 8: Prognostic value of FXYD3 gene expression in PCM. A) association with the overall survival (above vs. below the 50° 
percentile); B) association with the overall survival by quartiles of expression.

We then sought to understand whether FXYD3 over-expression 
was associated with the activation of specific cellular functions. To do 
this, we analyzed by GSEA the gene signature associated with FXYD3 
over-expression and found several pathways relevant for malignant 
transformation being involved. Of interest, the enrichment in genes 
related to WNT/-catenin signaling is similar to what observed in 
colorectal cancer [20], where the pathway of APC and -catenin is a 
well-known feature, of fundamental importance in the development 
of this tumor type. In addition, it is noteworthy that the expression 
of FXYD3 is also connected to modifications of physiological 
mechanisms of epigenetic regulation. In fact, demethylating agents 
as well as histone deacetylase inhibitors are currently in clinical use 
in haematological malignancies [21] and their application/efficacy 
might be enhanced in tumors carrying FXYD3 over-expression. 
Therefore, it might be useful to evaluate FXYD3 gene expression in 
patients who received epigenetic modifiers and correlate it to the 
clinical response and, in case of positive evidences, to test FXYD3 as 
potential biomarkers prospectively. 

Grippingly, FXYD3 expression was found to be directly related 
to that of PRDM1 [22]. This gene encodes for BLIMP1 protein, 
a transcription factor necessary for plasma cell differentiation 

[23]. In fact, while PAX5 is critical for the maintenance of B cell 
identity [24], the expression of BLIMP1 leads to the repression 
of both PAX5 and BCL6and it is capable of triggering plasma cell 
differentiation by ensuring that plasma cell cannot return to an 
earlier developmental stage [25]; BLIMP1, also, has been correlated 
with the induction of genes that are involved in the immunoglobulin 
secretion [26]. Indeed, our correlation between FXYD3 and PRDM1 
is consistent with the evidence that FXYD3 expression was not 
significantly associated with the clinical outcome in terms of overall 
survival in PCM. In fact, PRDM1 is always expressed in this tumor, 
reflecting its physiological role in plasma cells. By contrast, PRDM1 
expression was correlated with poor prognosis in ABC-type DLBCL 
[27]; however, we failed to document significant differences among 
DLBCL cases based on FXYD3 expression.

The main limitation of this study probably relies on the 
fact that all analyses were conducted by GEP only and were not 
supported by an additional method, due to the lack of available 
pathological material. In this regard, a couple of consideration 
must be taken into account. Firstly, GEP, at least when performed 
by Affymetrix microarrays, is now considered to be a robust and 
reliable method to measure and quantify genes expression in 
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a given sample, with substantial correspondence (despite an 
inferior sensitivity) to quantitative PCR methods [28]. Therefore, 
a validation at protein level would be the most appropriate. 
However, a number of studies previously sought to compare GEP 
and IHC (the unique proteomic technique feasible in formalin fixed 
paraffin embedded tissue samples) [29,30] demonstrating a high 
degree of consistency between the two methods (around 77-87%) 
that made such validation approaches even unnecessary in many 
applications [31,32]. Moreover, IHC might even fail in detecting 
subtle but still biologically significant differences caught at gene 
expression level [33]. It would be interesting, instead, to evaluate 
in future independent series whether GEP or IHC will be able to 
stratify lymphoma and/or myeloma patients with different clinico-
pathological features based on FXYD3 expression [34]. 

Conclusion
In conclusion, we unveiled the over-expression of FXYD3 gene 

in some diseases (BL, DLBCL, PCM, and PMBCL), and connected 
its expression to the activation of specific cellular pathways and 
a well-known transcription factor. On the clinical ground, FXYD3 
over-expression was not significantly correlated to overall survival 
in DLBCL and PCM, though different attempts might be warranted. 
Finally, based on the molecular profile associated to FXYD3 gene 
over-expression, the specific association of this molecule with 
clinical response to epigenetic modifiers might be tested.
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