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Abstract

Introduction: Breast cancer is the most common malignancy among women worldwide.
Although several biomarkers, such as ER, PR, HER-2, and Ki-67, are routinely used for
diagnosis and prognosis, there remains a need for additional markers that can reliably
distinguish malignant from benign lesions. Hypoxanthine-guanine phosphoribosyl
transferase 1 (HPRT1), a key enzyme in the purine salvage pathway, has been reported
to be elevated in some cancers, but its role in breast cancer remains unclear.

Methods: In the present investigation, HPRT1 was evaluated in malignant (30), benign
(20), and normal breast (20) tissues using Real-time PCR and western blot analysis. The
correlation between the results and tumor grade (II & III), patient age, ER/PR, stage,
tumor size, and Ki-67 was also assessed.

Results: Real-time PCR revealed that HPRT1 mRNA was significantly upregulated in
malignant tumors compared to normal (fold change = 2.1, p=0.003) and benign tissues
(fold change ~ 1.9, p=0.007). At the same time, no difference was observed between
benign and normal tissues (fold change = 1.1, p=0.06). Western blot analysis confirmed
these findings, showing mean + SEM expression levels of 1.28 + 0.69 in malignant, 0.87
+ 0.05 in benign, and 0.97 £ 0.09 in normal tissues. Malignant tumors exhibited
significantly higher protein expression compared to benign (p=0.002) and normal tissues
(p=0.012). No significant correlations were found between HPRT1 expression and
clinicopathological parameters.

Conclusions: It is concluded that elevated HPRT1 expression in malignant breast tumors
provides strong evidence for its use in the diagnosis and treatment of the disease, as it is
increased only in malignant, not benign, tumors.
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Introduction

Breast cancer, as one of the most common
cancers, is the fourth leading cause of death
among women (1-6). The prevalence of breast
cancer exhibited a significant upward trend
between 2003 and 2017 for both women and
men. Specifically, the age-specific incidence
rates for breast cancer were recorded at 15.96
per 100,000 women in 2003, escalating to 40.72
per 100,000 women by 2017. Notably, in 2017,
the highest incidence rates were observed in the
age groups 65-69 years (128.33 per 100,000
women) and 60-64 years (127.79 per 100,000
women) (5).

Hypoxanthine phosphoribosyltransferase 1
(HPRTI1), an enzyme in the purine salvage
pathway, catalyzes the synthesis of IMP and
GMP, providing the building blocks for future
cell growth (7-16). Salvage is the primary
pathway for nucleotide synthesis throughout
most of the cell cycle, accounting for 90% of
free purines (7, 17).

This study aimed to determine HPRTI1
expression levels in normal, benign, and
malignant breast tissues. The correlation of
HPRT1 expression with clinicopathological
characteristics was also examined.
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Materials and methods

Malignant breast tumors (ductal carcinoma), 20
benign, and 20 normal tissues were collected
from Bahman Hospital of Tehran, Iran. Patients
received no therapy before the surgery. Real-
time PCR and western blot analysis were used
to evaluate gene expression and protein levels.
The correlation with tumor grade (II & IID),
patient age, ER/PR status, stage, tumor size,
and Ki-67 was also assessed.

Results

Real-time PCR revealed that HPRT1 mRNA
was significantly upregulated in malignant
tumors compared to normal (fold change = 2.1,
p=0.003) and benign tissues (fold change = 1.9,
p=0.007). At the same time, no difference was
observed between benign and normal tissues
(fold change = 1.1, p=0.06) (Fig 1). Western
blot analysis confirmed these findings, showing
mean + SEM expression levels of 1.28 + 0.69
in malignant, 0.87 + 0.05 in benign, and 0.97 +
0.09 in normal tissues. Malignant tumors
exhibited  significantly = higher  protein
expression compared to benign (p=0.002) and
normal tissues (p=0.012)(Fig 2). No significant
correlations were found between HPRTI
expression and clinicopathological parameters
(Fig 3 & Fig 4).
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Fig 1: (A)Relative expression of HPRT1 in the malignant and normal breast tissues (p-value=0.003). (B) Relative
expression of HPRT1 in malignant and benign breast tissues (p-value=0.007). (C) Relative expression of HPRT1 in
benign and normal breast tissues (p-value=0.06)
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Fig 2: (A) Expression levels of HPRT1 in malignant and normal breast tissues (p-value=0.012), (B) Expression levels
of HPRT1 in malignant and benign breast tissues (p-value=0.002), (C) Expression levels of HPRT1 in benign and
normal breast tissues (p-value=0.055)
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Fig 3: Correlation of HPRT1 with ER/PR, Ki67, and tumor size ( P > 0. 05)
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Fig 4: Correlation of HPRT1 with grade, stage, and age (P > 0.05)
Discussion of HPRTI has been evaluated in lung, colon,

HPRT]1, as an enzyme in the salvage pathway
of purine nucleotides, is responsible for the
synthesis of building nucleotides necessary for
future cell growth (7-16). Due to increased cell
growth in cancer and the elevated demand for
nucleotides, HPRT1 might be required at higher
levels; therefore, it could be differentially
expressed in cancers (16). In the cell cycle,
HPRT1 is a crucial housekeeping gene that
plays a key role in nucleotide production and
regulation.(10, 17).

In this study, we evaluated HPRT1 expression
levels and observed significant differences
between malignant, ductal-subtype, benign,
and normal breast tissues. In support of our
findings, it has been clearly demonstrated that
the expression of HPRT1 was significantly
upregulated in breast cancer, most notably in
the basal subtype (16). The expression profile

breast, and prostate cancer, and a similar pattern
of expression has been reported (10). Among
patients, significant inconsistency in HPRT1
expression has been observed between normal
and malignant tissues, although there is an
overall tendency toward upregulation of this
protein  (10). This data supports our
observations and indicates that HPRT1 exhibits
highly variable expression, making it
unsuitable as a transcriptional control standard.
It is noteworthy that our results revealed such
differences between malignant and benign
breast tumors as well, whereas no diversity has
been noted between benign and normal breast
tissues.

In the present study, no correlation was
observed between HPRTI1 and tumor grade,
stage, ER/PR, Ki-67, tumor size, or patient age.
Therefore, it could serve as an early cancer
biomarker, since it was upregulated only in the
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malignant breast tumors, regardless of grade or
stage, but not in the benign tissues. However, a
correlation with the tumor grade has been
reported by Townsend et al (18).

Conclusions

This study demonstrated an elevation in
HPRT1 expression in malignant breast tumors.
No significant elevation was observed in
benign tumors, and There was no significant
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Fig 1: HPRT1 expression in the normal, benign, and malignant breast tissues. HPRT1 expressions were detected by

Western blot. p-actin was used to normalize the protein levels in each lane (N normal breast tissue, B benign breast
tumor, T malignant breast tumor)
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Table 1: Demographic characteristics of study populations (mean+SEM)
axdllan 9,90 Cprosr (SLbCure Sy 1) Joua

Malignant Benign Normal
N=30 N=20 N=20
Average Age (years) 52.3 29.6 43.7
Age Groups
<45 years 8(26.6%) 10(50%) 10(50%)
46 —54 years 7(23.3%) 10(50%) 8(40%)
> 55 years 15(50%) 2(10%)
Tumor size
0-2cm 17(56.6%)
>2cm 13(43.3%)
Grade
2 17(56%)
3 13(44%)
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Stage

1 10(33.3%)
2 13(43.3%)
3 7(23.4%)
ER/PR

ER+/PR+ 16(53.3%)
ER—-/PR— 14(46.7%)
Ki67

<15% 10(33.3%)
15 -40% 12(40%)
> 40% 8(26.7%)

Table 2: The primer sequences for quantitative real-time PCR
quantitative real-time PCR gl coliiwl 3590 sl poslp Jlg5 ¥ Jgo>

Primer name Sequence (5'-3 ) Tm Amplicon
HPRT1-forward CCTGGCGTCGTGATTAGTGA | 59.83 189
HPRT1-reverse GAGCACACAGAGGGCTACA | 59.02

GAPDH-forward | GTGATGGCATGGACTGTGGT | 60.32 229
GAPDH -reverse | AGAAGGCTGGGGCTCATTTG | 60.32
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Fig 2: (A)Relative expression of HPRT1 in the malignant and normal breast tissues (p-value=0.003). (B)
Relative expression of HPRT1 in malignant and benign breast tissues (p-value=0.007). (C) Relative
expression of HPRT1 in benign and normal breast tissues (p-value=0.06)
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Fig 2 (A) Expression levels of HPRT1 in malignant and normal breast tissues (p-value=0.012) (B) Expression levels of
HPRT1 in malignant and benign breast tissues (p-value=0.002) (C) Expression levels of HPRT1 in benign and normal
breast tissues (p-value=0.055)
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Fig 3: Correlation of HPRT1 with ER/PR, Ki67, and tumor size ( P > 0. 05).
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Fig 4: Correlation of HPRT1 with grade, stage, and age ( P > 0. 05).
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