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The high mortality rate from ovarian cancer is due to the asymptomatic nature of the course of the disease, which
leads to the diagnosis of ovarian cancer in later stages. The sodium-dependent phosphate transporter NaPi2b
encoded by SLC34A2 gene is expressed in 80-90% of epithelial ovarian cancers and used as a target for thera-
peutic antibodies XMT-1536, and XMT-1592, which are derived from MX35 antibodies and used in clinical trials
for the treatment of ovarian and lung cancers. In this work, we aimed to evaluate NaPi2b as a molecular marker
for diagnostics and predicting the course and outcome of ovarian cancer disease.

Quantitative analysis of SLC34A2 gene expression in ovarian tumor tissue was performed at the level of
transcription and translation using real-time PCR, droplet digital PCR and Western blot analysis respectively.
Statistical analysis was performed taking into account various clinicopathological characteristics of the ovarian
cancer patients, including the stage of the disease, the tumor grade, the applying of neoadjuvant chemotherapy
and the presence of ascites. In this work, we demonstrated that the expression of the human NaPi2b (hNaPi2b)
transporter is downregulated in the tumors of patients receiving neoadjuvant therapy and during the develop-
ment of disease. The data suggest that the level of expression of the SLC34A2 gene can serve as a potential marker
for the monitoring and predicting responses to neoadjuvant and targeted therapy in patients with ovarian cancer.

1. Introduction diagnosis and therapy of this disease. Early diagnostics using large-scale

screening programs and personalized drug selection based on the tumor

Ovarian cancer is one of the most common cancers in women. It
causes 152,000 deaths worldwide every year [1]. Ovarian cancer is
diagnosed as stage III-C or stage IV in more than 80% of patients and
more than 80% of advanced tumors are high grade [2]. Cytoreductive
surgery followed by intravenous chemotherapy based on platinum and
taxanes is the standard treatment regimen for ovarian cancer [3].
However, relapses occur in about 80% of late-stage patients within 3
years [2]. Frequent relapses and high mortality in patients with ovarian
cancer at the late stages make the problem of the effectiveness of ovarian
cancer treatment urgent, which requires new approaches for the
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molecular profile remain the greatest needs in the fight against this
deadly disease.

Currently, CA125 (carbohydrate antigen 125) is a well-known
marker are used to monitor the course and outcome of ovarian cancer.
The level of CA125 correlates with the stage of the disease and increases
at the later stages. However due to its insufficient specificity this marker
is not always detected at the early stages [4]. Other markers including
HE4 (Human epididymis protein 4), CA72-4 (carbohydrate antigen
72-4), CA15-3 (carbohydrate antigen 15-3), CEA (carcinoid embryonic
antigen), CA19-9 (carbohydrate antigen 19-9), and others are
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overexpressed in ovarian cancer and also don’t exhibit a sufficient
sensitivity and specificity for the diagnosis and prognosis of ovarian
cancer [5-8]. Therefore, the identification and characterization of new
molecular markers for diagnosis and more accurate prediction of
sensitivity to chemotherapy, including targeted chemotherapy, as well
as the course and outcome of the disease, is an urgent task. The
sodium-dependent phosphate transporter NaPi2b was identified as a
target for MX35 monoclonal antibodies using a modified SEREX tech-
nology [9,10]. NaPi2b is overexpressed in 90% of epithelial ovarian
cancer and other human malignancies including thyroid, lung, breast,
and other cancers [11-13]. Currently NaPi2b is a target for therapeutic
antibodies XMT-1536 and XMT-1592 which are in clinical trials for the
treatment of ovarian and lung cancers [14,15]. NaPi2b plays an
important role in maintaining human phosphate metabolism and its
impairment may be important for the occurrence of certain pathologies,
including hyperphosphatemia [16-20]. High concentration of Pi in the
tumor microenvironment compared to normal tissues was identified as a
marker for tumor progression [21]. High inorganic phosphorus content
requirement for the malignant cells may underline contribution of
phosphate transporters to tumor metabolism and their selection as
potentially important pharmaceutical targets for controlling phosphate
levels [22]. Although SLC34A2 is frequently expressed in ovarian cancer
cell lines much less information is available for primary tumors [13]. It
was also reported that NaPi2b may be a useful marker of lung cancer
[23] however currently, there is no data on the possibility of using this
sodium-driven phosphate transporter NaPi2b as a prognostic and pre-
dictive marker of ovarian cancer. Due to cell surface protein abundance
of NaPi2b, an evaluation of the expression profiles is important for un-
derstanding the functional significance of this transporter in tumori-
genesis and deciding whether the expression profiles could serve tools
for clinical applications. In this regard, this work aimed to analyze the
expression of the NaPi2b transporter gene at the level of transcription
and translation in ovarian cancer tumors taking into account the clini-
copathological characteristics of the disease, including patient survival.

2. Materials and methods
2.1. Design of the experiment

The experiments were performed using surgery samples from pa-
tients with ovarian cancer from the Republican Clinical Oncological
Dispensary in Kazan (Kazan, Russian Federation). The tumor samples
were obtained through the consent of the Local Ethics Committees. 48
tumor samples were obtained and the register of clinicopathological
characteristics was created (see Table 1 in Supplementary material).

The SLC34A2 gene expression was determined at the level of tran-
scription by real-time PCR and droplet digital PCR as well as the level of
translation by Western blot analysis by taking into account clinico-
pathological characteristics such as the application neoadjuvant ther-
apy, the stage, and the tumor grade, the presence of ascites in the
abdominal cavity of patients and the overall and disease-free survival of
patients. Real-time PCR, droplet digital PCR, and Western blot data were
used then for correlation analysis, comparative analysis, and assessment
of overall and disease-free survival.

2.2. Isolation of total RNA from the ovarian tumor tissue and synthesis of
cDNA

Isolation of total RNA from tumor tissue was carried out with Trizol
reagent according to manufacturer’s instructions (Thermo Fisher Sci-
entific, USA). 1 pg of total RNA (260/280 ratio >1.9) was used for the
synthesis of cDNA which was performed using a commercial kit (Thermo
Scientific, USA) according to the manufacturer’s instructions. Total RNA
and cDNA samples were stored at —70 °C.
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2.3. Real-time multiplex PCR

The relative expression of SLC34A2 gene at the transcriptional level
was defined using real-time PCR. The expression level of p-Actin gene
(ACTB) was used as a reference. The samples were amplified on real-
time CFX96 Touch device (BioRad, USA) according to the protocol of
the manufacturer of the reagents (Thermo Scientific, USA). The relative
expression was calculated in Microsoft Excel (Microsoft Corporation,
USA) using the formula: RE = E* (RE - relative expression; E —
amplification efficiency (E = 2.0); ACt - the difference in threshold cycle
between the target and reference genes) [24].

2.4. Droplet digital PCR

Droplet digital PCR was used to determine the absolute expression of
SLC34A2 gene at the level of transcription [25]. The MyCycler thermal
cycler (Bio-Rad, USA) was used to amplify the samples according to the
manufacturer’s protocol. The plate with amplified samples was placed in
QX200 reader (Bio-Rad, USA) to read the results of droplet digital PCR.

2.5. Isolation a soluble fraction of proteins from ovarian tumor tissue
cancer and Western blot

Isolation of the soluble fraction of proteins from ovarian tumor tissue
was performed using RIPA buffer according to the manufacturer’s pro-
tocol (Thermo Fisher Scientific, USA). Protein fractions were stored at
—20 °C. Western blot was performed according to the protocols of the
antibody manufacturers using primary rabbit antibodies against the N-
terminal domain of NaPi2b protein (Cell Signaling, USA), and mouse
antibodies against p-Actin (Thermo Scientific, USA) were used as a
loading control. The expression of SLC34A2 gene of the NaPi2b trans-
porter at the level of translation was determined by image analysis using
the ImageLab software (Bio-Rad, USA).

2.6. Statistical analysis

The obtained data were statistically analyzed using the TIBCO Sta-
tistica v.13.3 software (TIBCO Software Inc., USA). The Spearman’s rank
correlation coefficient was used for the correlation analysis of SLC34A2
gene expression at the level of transcription and translation in tumors of
patients with ovarian cancer. The Mann-Whitney U test was used to
analyze the SLC34A2 gene expression taking into account the tumor
grade, the presence of neoadjuvant chemotherapy, and the presence of
ascites in patients with ovarian cancer. The Kruskal-Wallis test was used
to analyze the SLC34A2 gene expression at the level of transcription and
translation taking into account the stage of the disease in patients with
ovarian cancer. The Kaplan-Meier curves were used to analyze the
overall and disease-free survival of patients with ovarian cancer.

3. Results

The SLC34A2 gene expression analysis at the level of transcription
and translation in tumor samples of patients with ovarian cancer.

Total RNA and protein fractions were isolated from 48 tumor sam-
ples of patients with ovarian cancer and cDNA was synthesized. The
relative expression of SLC34A2 gene was determined using real-time
PCR, and the absolute expression of SLC34A2 gene was determined
using droplet digital PCR. The SLC34A2 gene expression profile is pre-
sented as a histogram in Fig. 1.

The relative expression of SLC34A2 gene varies from 0.001 to 0.2
arbitrary units (Fig. 1A), and the absolute expression of SLC34A2 varies
from 28 to 18400 gene transcripts per ng of RNA (Fig. 1B). Therefore, we
have shown that the SLC34A2 gene expression at the level of tran-
scription, determined using two different methods, ranges greatly in
different tumors of patients with ovarian cancer.

To study the SLC34A2 gene expression at the level of translation,
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Fig. 1. The SLC34A2 gene expression at the level of transcription and translation in ovarian tumors. (A) The relative expression of SLC34A2 gene. (B) The absolute
expression of SLC34A2 gene. (C) Western blot of SLC34A2 expression: A9, A25, A15/1, B4, A27, A31, A4, F5, 11, A11, OC1.9, D6, A5, G9, A36, A19, A13, C6, H5, F2,
A41, A39, OCLl. 4, G7, C9, F4, C5, A24, A8, 12, A17, A50, H9, C3, A29, A33, A44, 0OC2.3, A47, 0C2.1, H3, B7, A46, OC1.1, G5 - tumor sample number. (D)
Normalized expression of SLC34A2 gene at the level of translation in ovarian cancers.

protein fractions from the same tumors were isolated and Western blot
was performed. Fig. 1C shows the specific band with a molecular weight
of about 100 kDa, corresponding NaPi2b (SLC34A2 gene) protein gly-
cosylated form [18]. The relative expression of SLC34A2 gene at the
level of translation, normalized to B-Actin, is shown in Fig. 1D. The
Fig. 1C and D shows that the SLC34A2 gene expression at the level of
translation in ovarian cancers also varies greatly.

3.1. Correlation analysis of SLC34A2 gene expression determined by
different methods

Correlation analysis was used to compare the SLC34A2 gene
expression determined by three different methods including real-time
PCR, droplet digital PCR, and Western-Blot. Since the distribution of
expression values differed from normal, the correlation coefficient was
calculated using Spearman’s test. Scatter plots of SLC34A2 gene
expression values determined by different methods are shown in Fig. 2.

The correlation was revealed between the values of SLC34A2 gene
expression at the level of transcription and translation, determined by
different methods (p-value <0.05). The Spearman correlation coeffi-
cient Rs showed a statistical significance mean correlation between the
absolute and the relative gene expression of SLC34A2 gene (Rs = 0.55).
The correlation was shown including between the absolute gene
expression and the gene expression at the translational level of SLC34A2
(Rs = 0.62). A weak correlation (Rs = 0.32) was conferred between the
relative expression and the expression at the translational level of
SLC34A2.

Thus, we identified a relationship between the absolute and the
relative gene expression of SLC34A2 gene, which allowed us to conclude
that the data obtained using real-time PCR and droplet digital PCR are
reproducible and consistent with each other.

The SLC34A2 gene expression analysis at the level of transcription
and translation with considering the clinicopathological characteristics
of patients with ovarian cancer.

The Mann-Whitney U test was used to study the SLC34A2 gene
expression at the level of transcription and translation taking into ac-
counts the presence of neoadjuvant chemotherapy in the treatment
regimen for patients with ovarian cancer. Box plots comparing the
SLC34A2 gene expression at the level of transcription (real-time PCR,
droplet digital PCR) and translation (Western blot) for groups of patients
who had received or not neoadjuvant chemotherapy are presented in
Fig. 3A.

In the group of patients who had received neoadjuvant chemo-
therapy, the SLC34A2 gene expression at the level of translation is lower
than in patients who had not received neoadjuvant therapy. Neo-
adjuvant therapy was predominantly carried out according to the TCb
regimen, which included the drugs carboplatin and paclitaxel. The
decreased expression level of the phosphate transporter NaPi2b in pa-
tients who had received neoadjuvant therapy can serve as a marker for
monitoring the course of the disease and an indicator of the appointment
of targeted therapy against the NaPi2b transporter, including mono-
clonal antibodies, which are in clinical trials for the treatment of ovarian
cancer [11]. Notably, no such changes were revealed at the level of
transcription, which may be related to the peculiarities of regulation of
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the phosphate transporter NaPi2b at the level of translation.

The Kruskal-Wallis test for multiple comparisons of independent
samples was used to compare the SLC34A2 gene expression at the level
of transcription and translation in 4 groups with different disease stages.
Box plots comparing the SLC34A2 gene expression at the level of tran-
scription and translation by groups of patients with different disease
stages are shown in Fig. 3B. There were no significant differences be-
tween the groups of patients with different stages of ovarian cancer
disease. Nevertheless, the trend towards a decrease in the SLC34A2 gene
expression at the level of transcription with an increase in the stage of
the disease from the second to the fourth was revealed in patients with
ovarian cancer. The trend towards a decrease in the SLC34A2 gene
expression with an increase in the stage of the disease from the third to
the fourth was revealed at the level of translation. Both trends will be
verified further in clinical studies with larger number of samples. A
possible regulatory mechanisms underlining these effect still remain to
be clarified also.

The Mann-Whitney U test was used to compare the SLC34A2
expression at the level of transcription and translation taking into ac-
count the tumor grade. Corresponding box plots are shown in Fig. 3C.
There were no statistically significant differences between the SLC34A2
gene expression at the level of transcription and translation in groups of
patients with different tumor grades.

The Mann-Whitney U test was applied to study the SLC34A2 gene
expression at the level of transcription and translation by taking into
accounts the presence of ascites fluid in patients with ovarian cancer.
Box plots comparing the SLC34A2 gene expression at the level of tran-
scription and translation in groups of patients with ovarian cancer with
and without ascites fluid in the abdominal cavity are shown in Fig. 3D.
There were no statistically significant differences between the SLC34A2
gene expression at the level of transcription and translation in the groups
of patients with and without ascites.

3.2. Characteristics of disease-free and overall survival in patients with
ovarian cancer with consideration the SLC34A2 gene expression

The Kaplan-Meier curves were used to analyze overall and disease-
free survival in patients with ovarian cancer with consideration the
SLC34A2 gene expression at the level of transcription and translation.
Tumor samples were divided into two groups with low and high
SLC34A2 gene expression. High expression of SLC34A2 gene includes
expression values above the median, and low expression includes
expression values below the median. Disease-free survival curves for
patients with ovarian cancer are shown in Fig. 4A-C.

There were no differences in disease-free survival in patients with
different expression of SLC34A2 gene both at the level of transcription
and translation.

Overall survival curves for patients with ovarian cancer are shown in
Fig. 4D-F. There were no differences in overall survival in patients with
different expressions of SLC34A2 gene both at the level of transcription
and translation.

4. Discussion

In the study, we first showed that the expression of the NaPi2b
transporter is reduced in tumors of patients who received neoadjuvant
chemotherapy. This fact can be critical for ovarian cancer patients who
will receive neoadjuvant therapy with targeted drugs directed against
the NaPi2b transporter. Currently, NaPi2b-specific therapeutic mono-
clonal antibodies XMT-1536 (trade name UpRi) (NCT03319628) and
XMT-1592 (NCT04396340) are successfully undergoing clinical trials
for the treatment of ovarian and non-small cell lung cancers, demon-
strating safety and clinical efficacy. XMT-1536 and XMT-1592 are hu-
manized auristatin F (AF-HPA) conjugated antibodies created on the
dolaflexin and dolasynthen technology platforms respectively [15,16].

We found no relationships in the survival rate of ovarian cancer
patients, the tumor grade, and presence of ascites with the expression
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level of the NaPi2b transporter gene. The tendency of NaPi2b trans-
porter gene expression decrease during the increase in the disease stage
was revealed, which may be associated with a decrease of differentiation
extent of tumor cells at later stages. As we have shown previously, the
expression of the NaPi2b transporter is observed to a greater extent in
differentiated ovarian cancers [11,14].

We demonstrated that the NaPi2b protein abundance is lower in
tumor ovarian cells of patients who had received neoadjuvant therapy.
This fact suggests that patients with ovarian carcinoma who had

received neoadjuvant therapy will be insensitive to therapy with
monoclonal antibodies specific for NaPi2b and therapeutic antibodies
XMT-1536 and XMT-1592 may not be effective when neoadjuvant
chemotherapy is administered concurrently.

It is interesting to note that we observed a decrease in NaPi2b
expression in tumors of patients who had received a neoadjuvant
chemotherapy only at the protein level. This fact should be investigated
further due to importance of understanding of the mechanism of regu-
lation of phosphate transport and possibility of clinical application of
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at the level of translation (p = 0.42). Kaplan-Meier overall survival curves: (D) The relative expression of SLC34A2 gene (p = 0.2); (E) The absolute expression of
SLC34A2 gene (p = 0.43); (F) — The SLC34A2 gene expression at the level of translation (p = 0.2).

NaPI2b as cell surface marker for prescribed targeted therapy in patients
with ovarian carcinoma. Whether regulation at level of translation in-
volves an internalization of transporter exhibiting potential “moon-
lighting” properties is unknown and subject of current investigations.
In summary, this study suggest that the level of expression of the
sodium-dependent phosphate NaPi2b transporter gene can serve as a
potential marker for the monitoring and predicting responses to neo-
adjuvant and targeted therapy in patients with ovarian cancer.
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