The New Journal of Urology
eISSN 3023-6940

RESEARCH ARTICLE

doi: https://doi.org/10.33719/njul594236

The Importance of MTHFD2 Expression in Renal Cell Carcinoma

Onur Ceylan', Remzi Arslan’

' Department of Pathology. Ataturk University, Faculty of Medicine, Erzurum, Tiirkiye

Submitted: 2024-12-02
Accepted: 2025-07-05

Corresponding Author;

Onur Ceylan, Assoc.Prof., MD
Address: Ataturk University
Faculty of Medicine Department of
Medical Pathology

Erzurum, Tiirkiye

E-mail: dr.onurceylan@gmail.com

ORCID
O.C. 0000-0001-7025-0521
R.A. 0000-0002-3198-4706

Abstract

Objective: Renal cell carcinoma (RCC) carries a poor prognosis at advanced stages.
Identifying reliable prognostic biomarkers is essential for improved clinical management.
Methylenetetrahydrofolate dehydrogenase 2 (MTHFD?2), a key mitochondrial enzyme in
the folate cycle, is overexpressed in various rapidly proliferating malignancies. However, its
prognostic value in RCC remains underexplored. For this reason, we purposed to search the
prognostic role of MTHFD2 expression in RCC.

Materials and Methods: This study included 124 RCC patients who applied radical nephrectomy
between 2015 and 2020. Immunohistochemical analysis of MTHFD2 expression was performed
on paraffin-embedded tumor samples. Expression levels were classified using a histoscore-based
system: low (grades 0-1) and high (grades 2-3). Correlations between MTHFD?2 expression and
clinical/pathological parameters were evaluated, and survival analysis was conducted.

Results: MTHFD?2 overexpression was detected in 53% of tumors and was absent in adjacent
non-tumor tissues. High expression was significantly associated with adverse prognostic
features, including higher histological grade, sarcomatoid differentiation, advanced pT stage,
and presence of distant metastases (all p < 0.05). Patients with high MTHFD2 expression had
significantly reduced overall survival (p < 0.001). Remarkably, early-stage tumors (pT1-2) with
high MTHFD2 expression were linked to shorter survival compared to more advanced tumors
(pT3-4) with low expression.

Conclusion: Our results pointed out that high expression of MTHFD?2 is associated with poor
prognosis in RCC and may function as an independent prognostic biomarker. These findings

underscore the potential of MTHFD?2 in risk stratification and as a therapeutic target in RCC.
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INTRODUCTION

Renal cell carcinoma (RCC) ranks ninth among all cancers
(1), with its incidence increasing by approximately 2% in
recent years (2). Around one-third of RCC cases metastasize,
and metastases are often already present at the time of
diagnosis (3). Despite slight improvements in the five-year
survival rate, the prognosis for advanced-stage RCC remains
poor (1). Recently, therapies targeting vascular endothelial
growth factor (VEGF) and specific immunotherapy agents
have been introduced as standard treatments for RCC.
However, the emergence of resistance to these targeted
therapies has become an increasing concern. Therefore,
novel treatment strategies are urgently needed, particularly

for patients with advanced disease (4).

Folic acid metabolism controls nucleotide synthesis,
methylation, and repair, and is involved in the development
of many tumors. A single carbon unit is transferred from
serine to tetrahydrofolate (THF) by serine hydroxymethyl
transferases to form methylenetetrahydrofolate (MTHEF).
This single carbon unit is then transferred between different
types of THF to complete the folate cycle. This cycle consists
of separate parallel reactions: cytoplasmic, mitochondrial
and nucleus (5). In mitochondria, these reactions take place

via two different methylenetetrahydrofolate dehydrogenase

2 (MTHEFD?2), consisting of MTHFD2 and MTHFD2L (6)
(Figure 1). Among these, MTHFD?2 is more highly expressed
and plays a predominant role in supporting mitochondrial
folate metabolism and in responding to growth factor
stimulation (7, 8). MTHFD?2 is essential for cancer cell
proliferation and tumor progression. While it is minimally
or not expressed in most normal adult tissues, high levels
of MTHFD2 expression have been observed in various
malignancies and in developing embryos (6). Previous
studies have demonstrated that MTHFD2 overexpression
correlates with poor prognosis in some cancers, including
colorectal carcinoma (9), breast carcinoma (10), RCC (11),
and hepatocellular carcinoma (HCC) (12). However, limited
data exist on its specific prognostic role in RCC. Therefore,
in this study, we aimed to evaluate the clinical significance
of MTHFD?2 expression in RCC and explore its association
with established prognostic parameters.

MATERIALS AND METHODS

Patients’ General Information and Features of Their
Tissues

This study included 124 radical nephrectomy materials
from patients diagnosed with renal cell carcinoma (RCC)
at our institution between January 2015 and 2020. Of
these, 86 cases were clear cell RCC, 22 were chromophobe
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Figure 1. Schematic representation of folate one-carbon metabolism.

122


https://doi.org/10.33719/nju1594236

Ceylan O, Arslan R.

MTHFD?2 Expression in Renal Cell Carcinoma

RCC, and 16 were papillary RCC. Prognostic parameters
such as lymphovascular invasion, histological subtype,
histological grade (according to the 2016 The World Health
Organisation/International Society of Urological Pathology
[WHO/ISUP]), macroscopic tumor diameter, presence of
sarcomatoid and rhabdoid features, and pathological staging
(PTNM) were recorded. Survival data were also collected.
This study was approved by Ethics Committee of Atatiirk
University (Approval number: B.30.2.ATA.0.01.00/388,

Date: 26.06.2020).

Histological grading was not applicable to chromophobe
RCC cases; thus, grading evaluation was conducted on
102 cases. Tumor staging including primary tumor (pT),
regional lymph nodes (pN), and distant metastases (pM) was
based on the 8th edition of the American Joint Committee
on Cancer (AJCC) staging manual (13). For many cases, pN
and pM statuses were indeterminate and recorded as pNx

and pMx, respectively (Table 1, 2).

The mean follow-up period was 37 + 17 months (1-71
months). Overall survival was calculated from the date of
surgery to either death or the last follow-up. Only RCC-
related mortality was included in the survival analysis;
deaths due to unrelated causes were excluded. For the
purpose of analysis, MTHFD2 expression was categorized as

low (histoscore grades 0-1) or high (grades 2-3).

Formalin-fixed, paraffin-embedded blocks containing both
tumor and non-tumor tissues were selected from each case

for immunohistochemical analysis.

Immunohistochemical Study

Blocks with the highest tumor density were selected and
sections of four microns were taken. These materials laid
in the Ventana automated immunohistochemistry staining
device after being kept on charged slides in a 70-degree
drying oven for 15 minutes. Following deparaffinization,
dehydration, hydrogen peroxide processes, tissues were
treated with MTHFD2 antibody (Leica, United Kingdom).
Cytoplasmic staining was considered positive for MTHFD2.
For MTHFD?2, a staining rate of 0% was classified as Grade
0, 1-10% as Grade 1, 11-49% as Grade 2, and 250% as Grade
3. Staining intensity was evaluated as follows: no staining:

Grade 0; weak staining: Grade 1; moderate staining: Grade

2; and strong staining: Grade 3. The immunoreactivity score
was calculated by multiplying staining intensity and staining
rate. And it was evaluated as follows: (negative) 0: Grade 0;
1-3: Grade 1; 4-6: Grade 2; 7-9: Grade 3 (Figure 2).

Table 1. Histopathological and demographic features of the

patients
Patients (n = 124) (%)

Age + SD

58 £13.7
Gender n (%)
Male 70 (56)
Female 54 (44)
Tumor Macroscopic Diameter (cm)
n (%) 6326
<4cm 26 (21)
4<x<7 cm 64 (52)
7<x<10 cm 24 (19)
>10 cm 10 (8)
Histological Type n (%)
Clear cell 86 (69)
Papillary 16 (13)
Chromophobe 22 (18)
pTn (%)
pTI 62 (50)
pT2 20 (16)
pT3 40 (32)
pT4 2(2)
pNn (%)
PNO, x 100 (81)
pNI1,2, 3 24 (19)
pMn (%)
PpMO,x 104 (84)
M1 20 (16)
Recurrence n (%)
Absent 118 (95)
Present 6 (5)
Sarcomatoid Features n (%)
Absent 118 (95)
Present 6 (5)
Rhabdoid Features n (%)
Absent 116 (94)
Present 8 (6)
Outcome n (%)
Survived 94 (76)
Died 30 (24)

pT: Primary Tumor, pN: Lymph Node Metastasis, pM: Distant

Metastasis
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Table 2. Correlation between prognostic factors and MTHFD?2 expression

Histoscore
Grade 0 Grade 1 Grade 2 Grade 3 P
(n=57) (n=51) (n=6) (n=10)
Histological Type n
Clear cell 39 35 6 6
Papillary 2 12 0.6485
Chromophobe 16 4
pT (n)
pTL 2 51 25 0.0001
pT3, 4 6 26
PN (n)
PN, x 55 49 0.4102
pNI, 2,3 2 2 0
pM (n)
pMO,x 55 39 0.0046
pMI 2 12
Recurrence n
Absent 55 47 6 10
Present 2 4 0 0 0.8443
Sarcomatoid Features n
Absent 57 49 4 8
0.0184
Present 0 2 2 2
Rhabdoid Features n
Absent 55 49 4 8 0.1307
Present 2 2 2 2
Outcome n
Survived 53 45 7 < 0.001
Died 4 6 1
pT: Primary Tumor, pN: Lymph Node Metastasis, pM: Distant Metastasis
Statistical Analysis RESULTS
The relationship between MTHFD2 expression and Patients’ Demographic and Histopathological Features

prognostic factors was evaluated with the Spearman
correlation test. For survival analysis Kaplan-Meier survival
analysis and log-rank test were used. The Cox regression
multivariate analysis was applied to determine independent
prognostic factors. Descriptive information is stated as
mean and deviation for continuous measurements and n
as percentage for categorical variables. For the two-tailed
p value, <0.05 was received as significant. Hazard rate rates
obtained as a result of Cox regression analysis presented.
In addition, overall survival rate and standard error values
reported with 95% confidence intervals (Figure 4). MedCalc

software was used for statistical analysis.

124

A total of 124 patients were included in the study, with a
mean age of 58 + 13.7 years (range: 17-85). The male-to-
female ratio was 1.3. The histological subtypes of RCC
were distributed as follows: clear cell RCC in 69% of cases,
papillary RCC in 13%, and chromophobe RCC in 18%. The
mean tumor diameter was 6.3 + 2.6 cm (1.3-13 cm) (Table 1).
Regarding tumor grade, 12 cases were grade 4, 32 were grade
3, 42 were grade 2, and 16 were grade 1. During follow-up,
30 patients died due to RCC-related complications. Among
the deceased patients, 18 had clear cell RCC, 8 had papillary
RCC, and 4 had chromophobe RCC.
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Figure 2. Histological images of MTHFD2 staining (x200) A: no MTHFD2 staining, B: weak MTHFD2 staining, C: moderate
MTHEFD?2 staining, D: strong MTHFD2 staining

Prognostic Significance of MTHFD2 expression in RCC

MTHEFD2 overexpression was observed in tumor tissues in 66
(53%) of the 124 cases. No MTHFD2 expression was detected
in adjacent non-neoplastic tissues. Stronger expression
was particularly noted in areas exhibiting rhabdoid and

sarcomatoid morphology (Figure 3).

MTHEFD2 overexpression was significantly associated
with adverse pathological features including advanced
pT stage, presence of distant metastasis, and sarcomatoid
differentiation (all p < 0.05). Moreover, high MTHFD2
expression correlated significantly with key determinants of
pT staging such as invasion into the renal pelvis and perirenal
adipose tissue (p < 0.05 for all). Additionally, an important
association was observed between MTHFD2 expression and
histological grade in clear cell and papillary RCC (p = 0.037).
Significant associations weren’t found between MTHFD2
expression and histologic subtype, pN stage, recurrence, or
rhabdoid features (p > 0.05) (Table 2). Likewise, no significant

correlations were identified with age (p = 0.37), gender (p =
0.64), tumor size (p = 0.98), lymphovascular invasion (p =

0.30), or perineural invasion (p = 0.31).

Kaplan-Meier survival analysis revealed 1-, 3-, and 5-year
overall survival rates of 85%, 83%, and 80%, respectively.
High MTHFD2 expression was significantly associated with
decreased survival compared to low expression, as confirmed
by the log-rank test (p < 0.001) (Figure 4).

In multivariate Cox regressionanalysis—including MTHFD2
expression, pI stage, and presence of metastasis—MTHFD2
overexpression remained an independent prognostic factor
for overall survival (Hazard Ratio = 5.25;95% CI: 1.30-21.23;
p = 0.0019).

To further evaluate the prognostic value of MTHFD2,
subgroup survival analyses were conducted based on pT

and metastasis status. pT stage was dichotomized into early
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(pT1-2) and advanced (pT'3-4). Patients were stratified into

the following subgroups:

1- low expression/ no distant metastasis, low expression/
distant metastasis, high expression/no distant metastasis,
and high expression/distant metastasis

2- low expression/early pT, low expression/advanced pT, high

expression/early pT, and high expression/advanced pT

Patients with high MTHFD2 expression and distant
metastasis had the poorest survival outcomes (p = 0.0004), as
did those with high MTHFD2 expression and advanced pT
stage (p = 0.0031). Notably, patients with early-stage tumors
(pT1-2) but high MTHFD2 expression had shorter survival
than those with more advanced tumors (pT3-4) and low
expression, highlighting its independent prognostic impact
(Figures 4).

Figure 3. Histological images of MTHFD?2 overexpression in different areas

A: Overexpression of MTHFD?2 in tumoral areas and no staining in adjacent non-tumoral glomeruli and tubules (x200), B:

stronger expression with MTHFD2 in areas containing rhabdoid morphology (x400), C: stronger expression with MTHFD2

in areas containing sarcomatoid morphology (x200)
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Figure 4.A: Kaplan-Meier survival curve according to MTHFD2 expression, B: MTHFD2 expression/distant metastasis

status (Cox regression analysis), C: MTHFD2 expression/primary tumor (pT) status (Cox regression analysis)
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DISCUSSION

In the present study, we investigated MTHFD2 expression
in both tumoral and adjacent non-tumoral renal tissues to
assess its prognostic value in RCC. Our results demonstrated
that MTHFD2 was not expressed in normal kidney tissues
but was significantly overexpressed in RCC specimens.
Importantly, high MTHFD2 expression was significantly
correlated with adverse prognostic factors, such as higher pT
stage, distant metastasis (pM), sarcomatoid differentiation,
histological grade, and reduced survival. Multivariate
analysis confirmed that MTHFD2 overexpression is
an independent prognostic marker in RCC. To further
explore its prognostic role, subgroup survival analyses were
performed based on pT stage and distant metastasis. Patients
with high MTHFD2 expression combined with either
distant metastasis or advanced pI stage had the shortest
survival times. Remarkably, even among early-stage tumors
(pT1-2), cases with MTHFD2 overexpression exhibited
shorter survival compared to those with more advanced
tumors (pI3-4) but low MTHFD2 expression. This finding
strongly supports the role of MTHFD2 as an independent
and clinically relevant prognostic biomarker.

Our findings are consistent with previous studies
investigating the association of RCC and MTHFD2. In RCC,
Lin et al. showed that MTHFD?2 expression was significantly
associated with advanced clinical stage, higher pathological
grade, and reduced survival, and proposed that MTHFD2
may represent a therapeutic target (14). Silva et al. reported
that MTHFD2 expression differed significantly among
subtypes of RCC, and high MTHFD2 levels were associated

with poor histological features and short survival (15).

In addition, recent studies in the literature have increasingly
the MTHED2
overexpression and poor prognosis in various malignancies
(6, 9-12). Nilsson et al. showed that MTHFD2 is absent

in normal adult tissues but is highly expressed in several

emphasized relationship ~ between

cancers, particularly breast cancer, and is associated with
poor prognosis, suggesting a critical role for mitochondrial
one-carbon metabolism in malignancy (6). Similarly, Ju et al.
reported that MTHFD2 promotes tumor growth and distant
metastasis in colorectal carcinoma, and its suppression
significantly reduced tumor burden (16). Miyo et al. also
found that MTHFD2 overexpression correlated with lower

disease-free and overall survival in colorectal cancer
(17). In hepatocellular carcinoma, Liu et al. demonstrated
that MTHFD2 overexpression was associated with worse
outcomes, including advanced stage, recurrence, and

metastasis (18).

In light of these results and the existing literature, our study
further supports the hypothesis that MTHFD2 plays a
pivotal role in tumor survival, progression, and metastasis.
The significant associations between MTHFD2 expression
and key prognostic indicators underscore its potential utility

as a prognostic biomarker in RCC.

We did not find a statistically significant association
between MTHFD2 expression and recurrence, which may be
attributed to the low number of recurrent cases (5%) in our
cohort. This limitation highlights the need for further studies
with larger patient populations to explore this relationship

more thoroughly.

CONCLUSION

Our findings showthat MTHFD2 overexpressionisassociated
with poor prognosis in RCC. The most notable result is that
even early-stage RCC cases with high MTHFD2 expression
demonstrated worse survival outcomes than those with
advanced-stage disease and low expression. These results
promote the potential usage of MTHFD2 as an independent
prognostic biomarker in RCC. However, further validation
in larger, multi-institutional cohorts is necessary to confirm

its clinical utility.
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