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Abstract: Background: Methotrexate (MTX) displayed cytotoxic properties against some cancer
cells. However, there is very limited data about the possible anti-tumoral potential of them in breast
cancer (BC) cells. We aimed to determine the effects of MTX, which is widely used in clinical
practice, on cell viability, Hypoxia-inducible factor (HIF) -1a, HIF-2a and prolyl 4-hydroxylase-
transmembrane (P4H-TM) in BC cells (MCF-7) and health breast cell (HTERT-HMEL1) treated with
MTX. Methods: Human healthy breast cells (HTERT-HME1) and BC cells (MCF-7) treated with MTX
for 24 h, 48h, and 72 h, the effects of MTX on cell viability. Results: The cell viability and with half-
maximal inhibitory concentration (IC50) values of of MTX treatment in healthy breast cells were
determined to be higher than in MCF-7 cells. MTX showed higher cytotoxicity against MCF-7 cells.
MTX significantly reduced cell viability values in HTERT-HME1 and MCEF-7 cells. HIF-1a, HIF-2q,
and P4H-TM levels was significantly higher in the MCF-7 group than the other groups. Morever,
there was a moderate significant correlation between HIF-1a and HIF-2a levels and between HIF-
la and P4H-TM. Conclusions: MTX will show a further decrease in cell viability in long-term
treatments of 48 and 72 hours, it is predicted that short-term use may be more appropriate. P4H-
TM may be a novel regulator of hypoxia in BC cells. HIF-1a, a key protein responsible for the
molecular mechanism of hypoxia in cells, is a key mediator between P4AH-TM and hypoxia in MTX-
treated cells. HIF-1a, HIF-2a, and P4H-TM values may be markers that can be used as a panel to
differentiate BC from healthy women.
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1. Introduction

One of the most common malignant tumors in women is breast cancer (BC) (1). As a common
feature of solid tumors, with tumor growth, disharmony occurs in the vascular network of the tissue
and a hypoxic environment occurs (2). Hypoxia is a common condition in solid tumors. When tumor
cells do not receive enough oxygen, they adapt to the hypoxic state by creating genetic differences
before cell death (3).

Hypoxia-inducible factor (HIF) family members facilitate both oxygen delivery and adaptation
to oxygen deprivation by regulating the expression of genes involved in many cellular processes,
including glucose uptake and metabolism, erythropoiesis, angiogenesis, cell proliferation and
apoptosis (4, 5). To date, three HIF family members have been identified in human cells in response
to low oxygen levels. Each of these heterodimers, named HIF-1, HIF-2 and HIF-3, consists of an o
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subunit and a 3 subunit that dissociate under normoxic conditions (6, 7). Cellular and developmental
responses to hypoxic conditions are mediated primarily by HIF-1a, encoded by the HIF1A gene (8).
Three HIF-a isoforms (HIF-la, HIF-2a, HIF-3a) produced by alternative splicing have been identified
(9). Overexpression of HIF-1 and HIF-2alpha has been found in some human cancers, possibly as a
result of intratumoral hypoxia or genetic alterations. With the formation of a hypoxic environment,
adaptive responses are regulated by HIF-1 (10-12).

Prolyl 4-hydroxylase-transmembrane (P4H-TM) belongs to the family of HIF-prolyl 4-
hydroxylases (HIF-P4Hs) that regulate the stability and activity of hypoxia-inducible transcription
factors (HIFs) that play a central role in oxygen homeostasis (13, 14). PAH-TM plays a role in tumor
progression in BC (15).

Both the therapeutic efficacy and toxic effects of methotrexate (MTX), which has been used in
cancer treatment for a long time due to its inhibition of cell division, may vary from patient to patient
(16). Therefore, unlike other antineoplastic drugs, MTX is used in a wide dose range (17).

Therefore, in this study, we aimed to determine the effects of MTX, which is widely used in
clinical practice, on cell viability, HIF-1o, HIF-2ac and PAH-TM in BC cells (MCF-7) and health breast
cell (HTERT-HME1) treated with MTX.

2. Materials and Methods

Cell Culture and Cell Viability Assay

The experiments were performed on human healthy breast cells (HTERT-HME1) and human
breast cancer (MCEF-7) cell lines. The cell lines obtained from the American Type Culture Collection
(ATCC) and were cultivated on 10% fetal bovine serum (FBS), and 100 IU/mL of penicillin and 10
mg/mL of streptomycin containing high-glucose Dulbecco’s modified Eagle’s medium (DMEM)
(GibcoTM, Sigma). Cells were cultivated in a humidified atmosphere with 5% CO2 at 37-C. The cells
were subcultured with 0.25% Tripsin-EDTA. The cytotoxicity of MTX (Submex; Abdi Ibrahim,
Istanbul, Turkey)) against human healthy and breast cancer cell lines (HTERT-HME1 and MCF-7)
was determined using the 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT,
Merck KGaA, Darmstadt, Germany) dye reduction assay. Cells were seeded at 1x104 cells/well on 96
well plates for each group, and after overnight incubation, cells were treated with different
concentrations of MTX for 24 h, 48 h and 72 h in 5% CO2 atmosphere at 37°C. At the end of the
incubation time, the MTT reagent (20 uL) was added and the cells were incubated for a further 3 h.
The formed formazan crystals were dissolved in 100 pL of dimethyl sulfoxide (DMSO) and the
absorptions were measured a wavelength of 490 nm, and at a reference wavelength of 570 nm, using
a microplate reader (Multiskan GO-Thermo, Waltham, MA USA). Experiments were performed three
times and the IC50 values, which corresponds to the concentration required for 50% inhibition of cell
viability, were calculated by Graphpad prism software (version 9, La Jolla, CA, USA). Results were
expressed as percentage of viable cells relative to the untreated control cells.

Experimental Groups

Groups were formed to form health breast cell (HTERT-HME1) control, MTX + HTERT-HME1
cell, breast cancer cell (MCF-7) control, MTX+MCEF-7 cells. Cells were seeded at 3x105 cells/well on 6
well plates for each group. 24 hours after cell seeding, the control group was replaced with the normal
medium and the others with the medium containing the MTX. While the other groups were incubated
for 48 hours, the MTX groups was treated with 48 hours of MTX. At the end of the experiments, cell
lysate was prepared using 1xRipa lysis buffer and a protease inhibitor cocktail set (Merck KGaA,
Darmstadt, Germany) as stated in our previous studies (18,19).

Biochemical Analysis
Measurement of hypoxia-inducible factor 1o (HIF-1cx)

HIF-1a levels were measured according to the manufacturer’s instructions (HIF-1ae ELISA Kit,
Cat.No.: E0422Hu, BT LAB, Zhejiang, China). The coefficients of intra- and interassay variation were
<8% (n =20) and <10% (n = 20), respectively.
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Measurement of hypoxia-inducible factor 1o (HIF-2cx)

HIF-2a levels were measured according to the manufacturer’s instructions (HIF-2a0 ELISA Kit,
Cat.No.: E7164Hu, BT LAB, Zhejiang, China). The coefficients of intra- and interassay variation were
<8% (n =20) and <10% (n = 20), respectively.

Measurement of transmembrane prolyl 4-hydroxylase (P4H-TM)

P4H-TM levels were measured according to the manufacturer’s instructions (P4H-TM ELISA
Kit, Cat.No.: E7241Hu, BT LAB, Zhejiang, China). The coefficients of intra- and interassay variation
were <8% (n = 20) and <10% (n = 20), respectively.
Statistical Analysis

Statistical Package for the Social Sciences version 21.0 software package for Win-dows (IBM
Corp., Armonk, NY, USA) and Office 365 were used for data evaluation, analysis and creation of
figures. The Shapiro-Wilk test was applied for normality analysis. Numerical variables were
represented as meantstandard deviation. One-way ANOVA was used for comparison of continuous
variables between more than two groups; Tukey-HSD were used for post-hoc significance. The
Pearson correlation analyses were used for to evaluate relationship between the numerical variables.
A p-value <0.05 was considered for statistical significance.

3. Results

In-vitro Effects of MTX on HTERT-HME1 and MCEF-7 Cells

The anti-tumor potential of MTX in different concentration were evaluated on HTERT-HME1
and MCEF-7 cells. The MTT assays were performed to investigate the dose-dependent MTX effect on
cell viability. For this purpose, MTX were added on cells at an increasing concentration (2.5-100puM)
during 24h, 48 h and 72h and half-maximal inhibitory concentration (IC50) values were calculated
(Table 1).

The cell viability and IC50 value of MTX treatment in healthy breast cells- HTERT-HME were
higher than MCEF-7 cells, MTX showed higher cytotoxicity against MCF-7 cells. MTX significantly
reduced cell viability values in HTERT-HME1 and MCE-7 cells. It indicates that MTX showed a dose-
dependent cytotoxic effect on both cells after 24, 48 and 72 hours of incubation on HTERT-HME1 and
MCEF-7 cells (Figures 1 and 2).

Statistically significant differences were found between MCF-7, MTX+MCEF-7 cells, HTERT-
HME1 and MTX+HTERT-HMEI cell groups in terms of HIF-1 , HIF-2 , P4H-TM (Table 2, Figures 3,
4, 5). Post-hoc Tukey HSD analysis was applied to determine the groups where the difference
originated (Table 3).

HIF-1 level was significantly higher in the MCEF-7 group (3.56+0.4) than the other groups
(MTX+MCE-7 cells: 2.88+0.18; HTERT-HMEI: 2.63+0.17; MTX + HTERT-HME1 cells: 2.4+0.19). In
addition, it was significantly higher in the MTX+MCE-7 cells group than in the MTX + HTERT-HME1
cell group (2.88+0.18 vs 2.4+0.19). HIF-2 level was significantly higher in the MCF7 group
(10.04+0.72) than in the HTERT-HME1 group (7.32+0.77) and in the MTX + HTERT-HMETI cell group
(8.45+0.92), while there was no significant difference with the MTX+MCF-7 cells group (9.43+0.43).
Also, it was significantly higher in the MTX+MCE-7 cells group than in the HTERT-HME1 group.
P4H-TM level was significantly higher in the MCF7 group (2.35+0.48) than in the MTX+MCF-7 cells
group (1.79+0.2) and MTX+HTERT-HMETI cells group (1.52+0.22), but not significantly different from
the HTERT-HMEL1 group (1.99+0.08). In addition, it was significantly higher in the HTERT-HME1
group than in the MTX + HTERT-HMEI cell group.

There was a moderate statistically significant correlation between HIF-1 and HIF-2 levels
(r:0.595; p:0.002) and between HIF-1 and P4H-TM (r:0.441; p:0.031). There was no statistically
significant correlation between HIF-2 and P4H-TM (1:0.169; p:0.429) (Table 4).
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Figure 1. HTERT-HMETI cells were treated with increasing concentrations of MTX for 24, 48 and 72h.
The cell viability was determined using the MTT assay. Absorbance values were measured at 570 nm
and normalized against untreated control cells (n:6).

Table 1. Calculated IC50 values (uM) of MTX for HTERT-HME1 and MCE-7 cell lines (n:6).

Cell Line 24h 48h 72h
MCE-7 15.01 +0.8 10.07 +1.3 8.01+09
HTERT-HME1 24.12+0.7 16.09+1.2 12.08 +1.1
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Figure 2. MCEF-7 cells were treated with increasing concentrations of MTX for 24, 48 and 72h. The cell
viability was determined using the MTT assay. Absorbance values were measured at 570 nm and
normalized against untreated control cells (n:6).
Table 2. Comparison of HIF-1, HIF-2, P4AH-TM levels between treatment and control groups.
Breast cancer Health breast cell MTX+
cell (MCE-7) MTX+MCF-7 (HTERT-HME1) HTERT-
control cells control HME1 cell p value
HIF-1a (ng/mL)  3.56+0.4 2.8840.18 2.63+0.17 2.4+0.19 <0.001
HIF-20 (ng/mL)  10.04+0.72 9.43+0.43 7.32+0.77 8.45+0.92 <0.001
P4H-TM (ng/mL) 2.35+0.48 1.79+0.2 1.99+0.08 1.52+0.22 0.001

One-way ANOVA test was applied.

Table 3. Post-hoc comparison of HIF-1o, HIF-2a, PAH-TM levels between treatment and control
groups.

1vs2 1vs3 1vs4 2vs3 2vs4 3vs4d

HIF-1a (ng/mL) 0.001 <0.001 <0.001 0.343 0.018 0.416
HIF-20 (ng/mL) 0.482 <0.001 0.006 <0.001 0.131 0.062
P4H-TM (ng/mL) 0.015 0.163 <0.001 0.638 0.372 0.045

1: Breast cancer cell (MCE-7) control; 2: MTX+MCE-7 cells; 3: Health breast cell (HTERT-HME1) control; 4: MTX
+ HTERT-HMET1 cell.
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Table 4. The relationship between HIF-1, HIF-2 and P4H-TM levels.

HIF-2 P4H-TM

HIF-1 r 0.595 0.441
p value  0.002 0.031
HIF-2 r 0.169
p value 0.429

Pearson correlation analysis was applied.
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Figure 3. Box-plot graph of HIF1 level in treatment and control groups.
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Figure 4. Box-plot graph of HIF-2 level in treatment and control groups.

P4H-TM(ng/ml)

3,00 —
3
2,50 i
N
°
2,00 B PN NN =
NN R
1,50 I o
1,00
0,50
0,00
[] Breast cancer cell (MCF-7) control By MTX+MCF-7 cells

B Health breast cell (HTERT-HME1) control [ MTX + HTERT-HME1 cell

Figure 5. Box-plot graph of P4H-TM level in treatment and control groups.

4. Discussion

Although the mechanism of toxicity caused by MTX is not known exactly, several mechanisms
have been proposed to explain the toxicity. In current study, the effects of MTX on cell viability, HIF-
la, HIF-2a and P4H-TM were investigated in BC cells (MCF-7) and healthy breast cells. MTX
significantly reduced cell viability values in HTERT-HME1 and MCEF-7 cells in a long time. HIF-1«,
HIF-2a, and P4H-TM levels was significantly higher in the MCF-7 group than the other groups.
Morever, there was a moderate significant correlation between HIF-la and HIF-2a levels and
between HIF-1a and P4H-TM. P4H-TM may be a novel regulator of hypoxia in BC cells. HIF-1¢, a
key protein responsible for the molecular mechanism of hypoxia in cells, is a key mediator between
P4H-TM and hypoxia in MTX-treated cells.

In chemotherapy, the contribution of dose and duration of use to the type of toxicity should not
be ignored. For example, renal toxicity may be prominent in high doses of methotrexate and liver
toxicity may be prominent in low dose maintenance therapy (20). In current study, MTX showed a
dose-dependent cytotoxic effect on both cells after 24, 48 and 72 hours of incubation on HTERT-HMEL1
and MCF-7 cells. MTX overdose has complex toxicokinetic and produces myriad clinical features
mimicking conditions of lesser severity. Organ dysfunction related to bone marrow, kidney or central
nervous system is lifethreatening.

Patient education, regular clinical observation and laboratory monitoring are important to
recognize and diagnose overdose at the earliest stage of treatment with MTX (21). Considering that
MTX will show a further decrease in cell viability in long-term treatments of 48 and 72 hours, it is
predicted that short-term use may be more appropriate. The increase in cell death rates at high doses
of MTX and long-term treatments is remarkable. It is estimated that low doses will be more effective
for short-term treatments. Although treatment efficacy is important in patients receiving
chemotherapy, knowledge and monitoring of treatment-related side effects is at least as important.
In addition to the known and predictable side effects associated with chemotherapeutics, the fact that
unexpected effects may develop should always be taken into consideration. The impact of timely
recognition and rehabilitation of early or late toxicities on treatment outcomes is undeniably clear.

Studies have shown that HIF plays an important role in many cancers such as lung, prostate,
breast, endometrium and colon (22-27). In BC, it has been reported that HIF-1 expression is increased
and this is associated with poor prognosis (28). However, there are few studies proving the effect of
HIF-1a on prognosis in BC. In a retrospective study by Bos et al. (29) HIF-1 o was examined
immunohistochemically in BC and normal breast tissue; it was observed that the expression of HIF-
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lain positive tumor cells increased as the stage progressed and this rate reached maximum in poorly
differentiated invasive carcinomas. In addition, high HIF-1 « levels were statistically significantly
associated with increased expression of ER proteins (29). HIF-1a levels have been associated with
aggressive tumor nature (30). In other studies on HIF, it has been reported that high HIF values cause
poor prognosis, high risk of metastasis and recurrence (31-33). In a retrospective study, Dales et al.
(34) observed the effects of HIF-1a expression on survival, local recurrence and distant metastasis in
745 patients with invasive BC and found that high HIF-1 a levels were associated with high
metastasis risk, poor survival and early recurrence even in patients with negative lymph nodes. As a
result of these observations, the researchers reported that by determining the HIF-1a level before
treatment, a step can be taken to select patients who may benefit from specific treatments (34). In
current study, HIF-1a and HIF-2a levels was significantly higher in the MCF-7 group than the other
groups. In addition, HIF-1a was significantly higher in the cancer cells treated with MTX than in the
untreated health breast cell, while there was no significant difference with the groups in HIF-2«a
levels. Hypoxia is a dysregulation of the homeostatic balance between oxygen delivery and oxygen
consumption that causes cells or tissues to lack sufficient oxygen. Although HIF-1a and HIF-2« share
a high degree of sequence identity, a similar protein structure and several common targets, they
mediate unique patterns of gene regulation. HIF-1a is ubiquitously expressed, whereas HIF-2a is
expressed only by certain cell types and tumor types. HIF-1a plays a dominant role in the response
to acute hypoxia, while HIF-2a drives the response to chronic hypoxia (35). Li et al. (36) demonstrate
that HIF-1a knockdown was found to suppress the shift from S-phase to G(1) induced by hypoxia
and increase drug sensitivity to MTX. HIF-1a knockdown reduces tumorigenicity of MCF-7 cells and
suggest a promising combination of both anti-HIF-1 strategy and traditional chemotherapy to
improve cancer treatment. More comprehensive and in-depth research is required on HIF-1a and
HIF-2a the pathways its mediates. Targeted HIF-1a therapeutics will bring new hope to breast cancer
patients in the near future.

HIF-1a identified as a substrate for PAH-TM-mediated proline hydroxylation and P4AH-TM has
been linked to cancer development (15,37). The role of P4AH-TM in BC is largely unknown. Since HIF-
1, which has been identified as a substrate of PAHTM,, is frequently involved in tumor formation and
cancer progression, PAHTM may be associated with cancer development. In current study, P4AH-TM
level was significantly higher in the MCF7 group than in the MTX+MCEF-7 cells group and
MTX+HTERT-HME1 cells group, but not significantly different from the HTERT-HME1 group.
P4H-TM level was also significantly lower in the in the health cells treated with MTX than in the
untreated health breast cell. Thus, P4H-TM could have a role in BC. There was a moderate statistically
significant correlation between HIF-1 and P4H-TM, while there was no statistically significant
correlation between HIF-2 and P4H-TM. P4H-TM, an endoplasmic reticulum enzyme is induced by
hypoxia and acts on HIF-alpha (38). In current study, since MTX decreases P4H-TM levels in both
breast cancer cells and healthy breast cells, treatment with MTX at the appropriate dose and duration
may reduce hypoxia in BC. Further studies are needed to elucidate the mechanism of the relationship
between HIF-1 and P4H-TM in BC.

5. Conclusions

The above data support the notion that the dose and duration of MTX, which is used in the
treatment of many diseases in clinics, should be adjusted very well. Otherwise, MTX administration
may cause serious structural and physiologic disorders in many cells and organs. In conclusion, HIF-
la, HIF-2a, and PAH-TM values may be markers that can be used as a panel to differentiate BC from
healthy women. The correlation between HIF-1a and P4AH-TM values may indicate that HIF-1a
affects tumor progression via P4H-TM. It is thought that these factors can be used in determining
prognosis and treatment with the provision of method and group standardization in animal and
human studies in this field.
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