
Biomedical Research and Therapy 2026, 13(10):9153-9163

Open Access Full Text Article Original Research

1Biochemistry Division, Chemistry
Department, Faculty of Science,
Mansoura University, Mansoura 35516,
Egypt
2Biochemistry Department, Faculty of
Biotechnology, Sinai University,
Kantara 41636, Egypt
3Microbial Biotechnology Department,
Biotechnology Research Institute,
National Research Centre, Giza 12622,
Egypt
4Egypt Centre for Research and
Regenerative Medicine (ECRRM), Cairo
4435102, Egypt
5Department of Surgical Oncology,
Oncology Center Mansoura University
(OCMU), Mansoura University,
Mansoura 35516, Egypt
6Research and Development
Department, Biotechnology Research
Center, New Damietta 34517, Egypt

Correspondence

Mohamed El-Far, Biochemistry
Division, Chemistry
Department, Faculty of
Science, Mansoura
University, Mansoura 35516,
Egypt

Email: elfarma2002@yahoo.com

Tel: +201001562520

Mohamed A. Abdelrazek, Research
and Development Department,
Biotechnology Research
Center, New Damietta 34517,
Egypt

Email:
maabdelrazek@yahoo.com

Tel: +201007036126

Serum Parathyroid Hormone-Related Protein Correlates with
Clinicopathological Severity in Colorectal Cancer Patients

Mohamed El-Far1,*, , Helmy Gamal2, , Ashraf A. Tabll3,4, , Amr Abouzid5, , Mohamed A. Abdelrazek6,*,

ABSTRACT
Background: Parathyroid hormone-related protein (PTHrP) is increasingly recognized as a key
mediator in colorectal cancer (CRC) biology and a promising circulating biomarker with comple-
mentary diagnostic value to carcinoembryonic antigen (CEA). This case–control study provides the
first clinical evaluation of serum PTHrP as a diagnostic and disease-severity biomarker in an Egyp-
tian CRC cohort and investigates its relationship with CEA. Methods: A total of 125 participants
were enrolled: 70 patients with histologically confirmed CRC, 25 individuals with benign colorectal
polyps, and 30 healthy age- and sex-matched controls. Serum PTHrP and CEA concentrations were
quantified using high-sensitivity sandwich enzyme-linked immunosorbent assays (ELISA), along-
side the systematic documentation of clinicopathological parameters. Results: Serum PTHrP con-
centrations were significantly elevated in CRC patients (median: 11.06 pg/mL; interquartile range
[IQR]: 10.11–12.26) compared with patients with benign polyps (median: 7.88 pg/mL; IQR: 6.20–
10.06) and healthy controls (median: 3.23 pg/mL; IQR: 2.63–3.97; P < 0.0001). Within the CRC
group, higher PTHrP concentrations were significantly associated with adverse clinicopathologi-
cal features, including advanced primary tumor stage (T3–T4 vs. T1–T2: 11.32 vs. 10.23 pg/mL, P
< 0.0001), regional lymph node metastasis (N1 vs. N0: 11.22 vs. 10.21 pg/mL, P = 0.0006), distant
metastasis (M1 vs. M0: 11.23 vs. 10.58 pg/mL, P = 0.0020), poorly differentiated histological grade
(G3 vs. G1–G2: 11.23 vs. 10.55 pg/mL, P = 0.0021), and larger tumor size (>5 cm vs. ≤5 cm: 11.25
vs. 10.24 pg/mL, P = 0.0010). Furthermore, serum PTHrP demonstrated a moderate positive corre-
lation with CEA (r = 0.494, P = 0.0012), indicating shared yet non-redundant indications of tumor
burden. Conclusions: Elevated circulating PTHrP concentrations correlate with clinicopathologi-
cal severity and aggressive tumor phenotypes in Egyptian CRC patients. Integrating serum PTHrP
measurement with conventional CEA assessment may enhance risk stratification and inform per-
sonalized therapeutic approaches, particularly in resource-constrained clinical settings.
Key words: Colorectal cancer, Parathyroid hormone-related protein, Carcinoembryonic antigen,
Serum biomarker, Tumor stage, Metastasis, Egypt

INTRODUCTION
Colorectal cancer (CRC) represents a major global
health challenge, ranking as the third most fre-
quently diagnosed malignancy and the second lead-
ing cause of cancer-related mortality worldwide.
According to recent GLOBOCAN estimates, CRC
accounted for more than 1.9 million new cases in
2020, representing approximately 10% of all cancer
diagnoses 1, with epidemiological models projecting
an increase to over 3 million annual cases by 2040 2.
The epidemiological burden is rapidly shifting to-
ward low- and middle-income countries (LMICs),
where cancermortality rates are exacerbated by lim-
ited screening infrastructure, diagnostic delays, and
restricted access to multimodal therapeutics3,4. In
Egypt, CRC is among the most prevalent malignan-
cies across both sexes, with an age-standardized in-
cidence rate of 9.8 per 100,000 population5.

Despite improvements in diagnostic and therapeu-
tic techniques, CRC screening uptake remains sub-
optimal in many LMICs, leading to a predomi-
nance of stage III–IV disease at initial presenta-
tion 3,6,7. Studies from sub-Saharan Africa and
comparable settings indicate that over 60% of pa-
tients are diagnosed at advanced stages, signifi-
cantly compromising curative prospects and overall
survival 8,9. Globally, 15% to 30% of patients present
with synchronous metastases, and nearly half of
those with initially localized tumors eventually de-
velop metachronous distant spread—precipitating a
stark decline in five-year overall survival from >85%
in stage I to <15% in stage IV disease10,11. These
clinical realities underscore the urgent need for
minimally invasive, reliable biomarkers to facilitate
early detection, monitor disease progression, and
guide therapeutic decision-making—particularly in
healthcare systems with constrained endoscopic ca-
pacity 12–14.
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Circulating serum biomarkers offer a minimally in-
vasive, cost-effective modality for CRC detection
and longitudinal surveillance. However, conven-
tional biomarkers such as carcinoembryonic anti-
gen (CEA) and carbohydrate antigen 19-9 (CA19-
9) demonstrate inconsistent sensitivity and limited
prognostic accuracy, particularly in early-stage dis-
ease and low-resource settings15–18. These diag-
nostic limitations have spurred growing interest in
alternative circulating biomarkers that more faith-
fully reflect tumor biology and can enhance existing
surveillance frameworks19.
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Parathyroid hormone-related protein (PTHrP), ini-
tially characterized as the principal humoral media-
tor of malignancy-associated hypercalcemia, shares
substantial N-terminal amino acid homology with
parathyroid hormone (PTH), enabling high-affinity
binding to the shared type 1 PTH/PTHrP recep-
tor (PTHR1) 20,21. In CRC, PTHrP expression is dis-
tinctly upregulated in malignant tissues compared
with adjacent normal colonic mucosa and benign
adenomatous polyps 22. Furthermore, PTHrP plays
a crucial functional role in promoting tumorigen-
esis through Rac1-driven cell migration, activation
of MET and MAPK/PI3K signaling pathways, and
integrin-dependent tumor expansion in vivo23–25.
Experimental silencing of PTHrP in CRC models
markedly attenuates cellular proliferation, induces
apoptosis, and restores chemosensitivity, under-
scoring its pivotal role in tumor cell survival and
therapeutic resistance 26. Although tissue-level ex-
pression of PTHrP has been documented, circulating
PTHrP has not been clinically investigated or vali-
dated inMiddle Eastern CRC populations. Taken to-
gether, these mechanistic insights and translational
evidence establish circulating PTHrP as a biologi-
cally relevant and clinically tractable candidate to
complement existing serum biomarkers for disease
staging and risk stratification in CRC.
Therefore, this study aimed to evaluate the associa-
tion between serum PTHrP levels and clinicopatho-
logical severity among Egyptian CRC patients—
including advanced primary tumor stage, large tu-
mor size, regional lymph node invasion, high histo-
logical grade, and distant metastasis—as well as its
correlation with circulating levels of the established
biomarker CEA.

MATERIALS ANDMETHODS
Study Population and Recruitment
This case–control study was designed and con-
ducted in accordance with the Strengthening the

Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines for case–control studies (a
completed STROBE checklist is provided as Supple-
mentary Material). A total of 125 participants were
enrolled, comprising 70 patients with histologically
confirmed CRC, 25 individuals with benign colorec-
tal conditions (e.g., inflammatory polyps and adeno-
mas without high-grade dysplasia), and 30 healthy,
age- and sex-matched control subjects. Participants
were recruited from the Oncology Center Mansoura
University (OCMU), Mansoura University Hospi-
tal, Egypt, between January 2024 and January 2025.
All patient blood samples were collected following
definitive diagnosis and prior to the initiation of
any antineoplastic treatment (surgery, chemother-
apy, or radiotherapy).
Inclusion criteria were adult patients (≥18 years of
age) with newly diagnosed, treatment-naïve CRC or
benign colorectal pathology confirmed via colono-
scopic biopsy and histopathological examination.
Exclusion criteria encompassed chronic liver or renal
disease, active systemic infections, hypercalcemia of
any etiology, prior antineoplastic therapy, and any
history ofmalignancy other than CRC. Healthy con-
trols were selected from asymptomatic individuals
undergoing routine medical check-ups who had no
history of gastrointestinal disorders, neoplastic dis-
ease, or chronic systemic illnesses.
The primary variable of interest was serum PTHrP
concentration. Secondary variables included serum
CEA concentration, primary tumor extent (T stage)
and TNM staging according to the American Joint
Committee on Cancer (AJCC) classification sys-
tem 27, histological grade, tumor size, regional
lymph node involvement, distant metastasis, de-
mographic parameters, and routine clinical labora-
tory indices. To minimize potential selection and
measurement biases, all CRC cases were histolog-
ically verified, blood samples were obtained before
treatment initiation, controls were matched for age
and sex, and individuals with confounding systemic
illnesses that could alter calcium homeostasis or
PTHrP levels were strictly excluded.

Ethical Considerations
The study protocol was approved by the Institu-
tional Review Board (IRB) of Mansoura University
Hospital (Approval code: R.21.07.1376) and con-
ducted in strict accordance with the ethical prin-
ciples of the Declaration of Helsinki. Written
informed consent was obtained from all partici-
pants prior to study procedures. All patient data
were anonymized and confidentiality was rigorously
maintained throughout the investigation.
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Sample Collection and Laboratory Tests
Fasting venous blood samples were collected from
each participant into sterile plain tubes (for serum
separation) and EDTA-K3 tubes (for hematologi-
cal analysis). Plain blood tubes were allowed to
clot completely at room temperature and then cen-
trifuged at 3,000 rpm (approximately 1,000 × g) for
15 minutes at 4℃ using a refrigerated centrifuge
(Eppendorf Centrifuge 5430R; Eppendorf, Hamburg,
Germany). Serum aliquots were separated immedi-
ately and stored at −80℃ until batch testing to avoid
repeated freeze–thaw cycles.
Routine laboratory testing included complete blood
count (CBC), renal function indices (blood urea,
serum creatinine), and liver function profiles (ala-
nine aminotransferase [ALT], aspartate aminotrans-
ferase [AST], total bilirubin, serum albumin), all
quantified using automated clinical analyzers (Sys-
mex Corporation, Kobe, Japan; Hitachi High-Tech
Corporation, Tokyo, Japan). Serum CEA and PTHrP
concentrations were measured using commercial
enzyme-linked immunosorbent assay (ELISA) kits
strictly according to the manufacturers’ instruc-
tions. Serum CEA was quantified using a solid-
phase sandwich ELISA kit (MyBioSource, San Diego,
CA, USA) with a linear analytical range of 0.625–
40.00 ng/mL. Serum PTHrP concentrations were
measured using a high-sensitivity sandwich ELISA
kit (Innova Biotech Co., Ltd., Beijing, China) with an
analytical sensitivity of 0.69 pg/mL and a dynamic
detection range of 3.00–200.00 pg/mL. All assaymea-
surements were performed in duplicate.

Statistical Analysis
Statistical analyses were performed using IBM SPSS
Statistics for Windows (version 26.0; IBM Corp., Ar-
monk, NY, USA) and GraphPad Prism (version 6.0;
GraphPad Software, San Diego, CA, USA). Data nor-
mality was evaluated using the Shapiro–Wilk test.
Continuous variables are presented as mean ± stan-
dard deviation (SD) for normally distributed param-
eters or as median with interquartile range (IQR;
25th–75th percentiles) for non-normally distributed
parameters. Categorical variables are expressed as
absolute frequencies and percentages.
Inter-group comparisons among CRC patients, indi-
viduals with benign colorectal polyps, and healthy
controls were evaluated using one-way analysis of
variance (ANOVA) followed by Tukey’s post-hoc test
for normally distributed continuous variables, or
the Kruskal–Wallis test followed by Dunn’s post-
hoc multiple comparison test for non-normally dis-
tributed variables. Categorical variables were com-
pared using the Chi-square test. Within the CRC

cohort, differences in serum PTHrP concentrations
across dichotomized clinicopathological subgroups
were analyzed using the two-sided Mann–Whitney
U test. The correlation between serum PTHrP and
CEA levels was examined using Spearman’s rank
correlation coefficient (r). Complete-case analysis
was applied, and no data imputationwas performed.
A two-sided P value < 0.05 was considered statisti-
cally significant.

RESULTS
Patient Characteristics
No statistically significant differences in age dis-
tribution were observed across the three study co-
horts (P = 0.333), demonstrating demographic com-
parability between CRC patients (mean ± SD: 51.50
± 12.10 years), individuals with benign conditions
(49.00 ± 10.30 years), and healthy controls (47.90 ±
5.10 years). Similarly, the distribution of sex did not
differ significantly among the cohorts (P = 0.324).
Furthermore, hepatic enzyme activities, renal pa-
rameters, and hematological indices did not differ
significantly between CRC patients and control sub-
jects, consistent with the strict exclusion of individ-
uals with chronic systemic comorbidities.
Serum CEA concentrations were significantly ele-
vated in CRC patients (median: 3.65 ng/mL; IQR:
2.00–23.00) compared with both the benign polyp
cohort (median: 2.00 ng/mL; IQR: 1.10–4.50) and
healthy controls (median: 2.00 ng/mL; IQR: 1.00–
3.50; P = 0.015; Table 1). The clinicopathological
classification of CRC patients by AJCC TNM stage,
tumor grade, regional lymph node invasion, distant
metastasis, and tumor size is summarized in Table 2.

Elevated Serum PTHrP Levels in CRC De-
velopment and Disease Severity
Serum PTHrP concentrations were markedly ele-
vated in CRC patients (median: 11.06 pg/mL; IQR:
10.11–12.26) compared with patients with benign
colorectal polyps (median: 7.88 pg/mL; IQR: 6.20–
10.06) and healthy controls (median: 3.23 pg/mL;
IQR: 2.63–3.97; P < 0.0001; Figure 1).
Within the CRC cohort, elevated serum PTHrP con-
centrations were consistently associated with ag-
gressive clinicopathological features. Specifically,
patients presenting with advanced primary tumor
stage (T3–T4) exhibited significantly higher PTHrP
levels than those with early-stage disease (T1–T2:
11.32 vs. 10.23 pg/mL, P < 0.0001). Significant ele-
vations were likewise observed in patients with re-
gional lymph node metastasis (N1 vs. N0: 11.22 vs.
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Table 1: Demographic, clinical, and laboratory characteristics of the study population

Variables Colorectal Cancer
(n = 70)

Benign Polyps
(n = 25)

Healthy Controls
(n = 30)

P
value

Gender (Male/Female) 49 / 21 18 / 7 20 / 10 0.324a

Age (years) 51.50 ± 12.10 49.00 ± 10.30 47.90 ± 5.10 0.333b

Hemoglobin (g/dL) 11.50 ± 1.90 11.60 ± 2.14 11.62 ± 1.82 0.241b

RBCs (1012/L) 4.15 ± 0.71 4.30 ± 0.55 4.50 ± 0.60 0.632b

WBCs (109/L) 7.80 ± 3.10 7.90 ± 1.90 6.99 ± 1.50 0.109b

Platelet count (109/L) 249.20 ± 59.10 255.00 ± 65.20 269.00 ± 61.70 0.191b

ALT (U/L) 26.70 ± 10.10 23.50 ± 4.20 21.20 ± 8.10 0.425b

AST (U/L) 46.15 ± 10.10 41.11 ± 8.50 39.13 ± 7.40 0.095b

Total bilirubin (mg/dL) 0.80 ± 0.21 0.71 ± 0.15 0.66 ± 0.19 0.591b

Albumin (g/dL) 3.75 ± 0.42 3.92 ± 0.44 4.10 ± 0.33 0.122b

Creatinine (mg/dL) 0.88 ± 0.29 0.78 ± 0.14 0.75 ± 0.16 0.399b

Urea (mg/dL) 26.12 ± 5.31 24.80 ± 5.90 23.60 ± 4.80 0.610b

CEA (ng/mL) 3.65 (2.00–23.00) 2.00 (1.10–4.50) 2.00 (1.00–3.50) 0.015c*

Note: Data are expressed as mean ± standard deviation (SD) for normally distributed variables, median (interquartile
range, IQR; 25th–75th percentiles) for non-normally distributed variables, and absolute frequency (n) for categorical
parameters. a P value determined using the Chi-square test. b P value determined using one-way analysis of variance
(ANOVA). c P value determined using the non-parametric Kruskal–Wallis test. * Statistically significant at P < 0.05.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CEA, carcinoembryonic antigen; RBCs,
red blood cells; SD, standard deviation; WBCs, white blood cells.

Table 2: Clinicopathological classification of colorectal cancer patients (n = 70)

Clinicopathological Features Number of Patients, n (%)

Primary Tumor Stage (T Stage)

Early stage (T1–T2) 30 (42.9%)

Late/advanced stage (T3–T4) 40 (57.1%)

Regional Lymph Node Invasion (N Stage)

Negative (N0) 21 (30.0%)

Positive / present (N1) 49 (70.0%)

Distant Metastasis (M Stage)

Negative / absent (M0) 51 (72.9%)

Positive / present (M1) 19 (27.1%)

Histological Grade

Low grade (G1–G2; well-to-moderately differentiated) 29 (41.4%)

High grade (G3; poorly differentiated) 41 (58.6%)

Tumor Size

Small (≤ 5.0 cm) 30 (42.9%)

Large (> 5.0 cm) 40 (57.1%)

Note: Data are presented as absolute patient counts with percentages, n (%). Tumor stag-
ing (T, N, and M categories) was established according to the American Joint Committee
on Cancer (AJCC) TNM staging system (8th edition). Histological differentiation was
graded according to World Health Organization (WHO) pathological criteria. Abbrevi-
ations: AJCC, American Joint Committee on Cancer; G, histological grade; M, distant
metastasis; N, regional lymph node metastasis; T, primary tumor stage; TNM, tumor–
node–metastasis.
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Figure 1: Circulating parathyroid hormone-related protein (PTHrP) concentrations across study cohorts.
Quantificationof serumPTHrP levelswasperformedusingahigh-sensitivity sandwichenzyme-linked immunosor-
bent assay (ELISA; detection range: 3.00–200.00 pg/mL) in healthy control subjects (n = 30), patients with benign
colorectal polyps (n = 25), and patients with histologically confirmed colorectal cancer (CRC; n = 70). Box-and-
whisker plots display the median (solid horizontal line within the box), interquartile range (IQR, 25th to 75th per-
centiles; lower and upper box boundaries), and minimum-to-maximum range (error bars). Serum PTHrP concen-
trations were significantly elevated in patients with CRC (median: 11.06 pg/mL; IQR: 10.11–12.26) compared with
patientswith benignpolyps (median: 7.88 pg/mL; IQR: 6.20–10.06) andhealthy controls (median: 3.23 pg/mL; IQR:
2.63–3.97). Global differences among the three study groups were evaluated using the non-parametric Kruskal–
Wallis test (P < 0.0001), followed by Dunn’s post-hoc test for pairwise comparisons. Significance was defined at
P < 0.05. Abbreviations: CRC, colorectal cancer; ELISA, enzyme-linked immunosorbent assay; IQR, interquartile
range; PTHrP, parathyroid hormone-related protein.

10.21 pg/mL, P = 0.0006) and distant metastasis (M1
vs. M0: 11.23 vs. 10.58 pg/mL, P = 0.0020). Similarly,
serum PTHrP was significantly higher in poorly dif-
ferentiated tumors (G3 vs. G1–G2: 11.23 vs. 10.55
pg/mL, P = 0.0021) and in tumors larger than 5 cm
(>5 cm vs. ≤5 cm: 11.25 vs. 10.24 pg/mL, P = 0.0010;
Table 3).

Correlation with Established Biomarkers

A statistically significant, moderate positive correla-
tion was identified between serum PTHrP and CEA

levels in CRC patients (Spearman’s r = 0.494, P =
0.0012; Figure 2). This correlation suggests an addi-
tive and complementary role for circulating PTHrP
in clinicopathological profiling and disease burden
assessment.

DISCUSSION
Among emerging oncological biomarkers, PTHrP
has attracted increasing attention in CRC due to its
multifaceted role in tumor biology. Initially iden-
tified as the primary endocrine mediator of hu-
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Table 3: Association between serum PTHrP levels and clinicopathological features in
colorectal cancer patients

Clinicopathological Parameter Serum PTHrP (pg/mL), Median (IQR) P value

Primary Tumor Stage

Early stage (T1–T2; n = 30) 10.23 (9.10–11.20) < 0.0001*

Late stage (T3–T4; n = 40) 11.32 (10.90–22.30)

Regional Lymph Node Invasion

Negative (N0; n = 21) 10.21 (9.10–11.24) 0.0006*

Present / positive (N1; n = 49) 11.22 (10.72–18.19)

Distant Metastasis

Negative (M0; n = 51) 10.58 (9.54–11.45) 0.0020*

Present / positive (M1; n = 19) 11.23 (10.75–24.08)

Histological Grade

Low grade (G1–G2; n = 29) 10.55 (9.24–11.40) 0.0021*

High grade (G3; n = 41) 11.23 (10.82–31.20)

Tumor Size

Small (≤ 5.0 cm; n = 30) 10.24 (9.20–11.26) 0.0010*

Large (> 5.0 cm; n = 40) 11.25 (10.57–15.79)

Note: Data are expressed as median with interquartile range (IQR; 25th–75th percentiles) in
pg/mL. Between-group differences for each dichotomized clinicopathological variable were ana-
lyzed using two-sided exact Mann–Whitney U tests. * Statistically significant at P < 0.05. Ab-
breviations: G, histological grade; IQR, interquartile range; M, distant metastasis; N, regional
lymph node invasion; PTHrP, parathyroid hormone-related protein; T, primary tumor stage.

moral hypercalcemia of malignancy, PTHrP regu-
lates key cellular processes—including proliferation,
differentiation, and survival—through interaction
with the common type 1 PTH/PTHrP receptor 21.
Beyond its classical endocrine actions, PTHrP func-
tions through autocrine, paracrine, and intracrine
signaling pathways, activating oncogenic cascades
that support primary tumor growth, local invasion,
and distant dissemination 28. In vitro investiga-
tions have consistently demonstrated that PTHrP
stimulates CRC cell proliferation, suppresses pro-
grammed apoptotic death, and enhances cell motil-
ity and invasion, highlighting its pro-metastatic sig-
nificance in experimental models 29,30.
To our knowledge, no previous studies have system-
atically evaluated the clinical relevance of circulat-
ing PTHrP in relation to CRC progression in Egyp-
tian cohorts, nor more broadly within Middle East-
ern populations, despite its established oncogenic
functions 30. This evidence gap is especially perti-
nent because Egyptian CRC patients present dispro-
portionately with late-stage and early-onset disease,
reflecting limited population screening and diagnos-
tic delays 31,32. In this study, we quantified serum
PTHrP in an Egyptian CRC cohort and analyzed
its correlation with key clinicopathological markers
of tumor aggressiveness. Notably, cases and con-
trols were well balanced in terms of age and sex,

and individuals with severe hepatic, renal, or sys-
temic inflammatory conditions were excluded. This
rigorous matching strategy minimized confounding
from age-related endocrine fluctuations or organ
dysfunction, thereby strengthening the validity of
the observed association between tumor biology and
circulating PTHrP concentrations.
In agreement with preclinical findings, Egyptian
CRC patients exhibited significantly higher circulat-
ing PTHrP levels (median: 11.06 pg/mL; IQR: 10.11–
12.26) than individuals with benign colorectal polyps
(7.88 pg/mL) and healthy controls (3.23 pg/mL; P
< 0.0001). Similar elevations have been described
in sporadic case series of CRC-associated hypercal-
cemia, in which elevated circulating PTHrP levels
tracked with extensive hepatic metastases and poor
clinical outcomes 20. Mechanistically, PTHrP trig-
gers protein kinase A (PKA) and protein kinase C
(PKC) downstream pathways, thereby accelerating
primary tumor expansion and facilitatingmetastatic
colonization 28,33.
In our cohort, serum PTHrP concentrations in-
creased stepwise in parallel with established indi-
cators of clinicopathological severity. Patients with
large primary tumors (>5 cm), advanced primary
stage (T3–T4), or poorly differentiated histology
(G3) exhibited significantly higher median PTHrP
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Figure 2: Correlation between serumparathyroid hormone-related protein (PTHrP) and carcinoembryonic
antigen (CEA) levels in patients with colorectal cancer. Bivariate correlation between serum concentrations
of PTHrP (pg/mL) and CEA (ng/mL) in patients with histologically confirmed CRC (n = 70). Both biomarkers were
quantified from pre-treatment fasting serum samples using commercial ELISA kits. Scatter plot representing in-
dividual patient values. The solid linear line indicates the best-fit linear regression, and dashed lines demarcate
the 95% confidence intervals. Non-parametric correlation analysis revealed a statistically significant, moderate
positive association between circulating PTHrP and CEA levels (Spearman’s rank correlation coefficient r = 0.494,
P = 0.0012), indicating concomitant biomarker elevation with expanding tumor burden. Correlation strength and
significance were calculated using Spearman’s rank correlation test. A two-tailed P value < 0.05 was considered
statistically significant. Abbreviations: CEA, carcinoembryonic antigen; CRC, colorectal cancer; ELISA, enzyme-
linked immunosorbent assay; PTHrP, parathyroid hormone-related protein.

levels (11.25, 11.32, and 11.23 pg/mL, respectively)
than those with smaller, early-stage, or well-to-
moderately differentiated lesions (10.24, 10.23, and
10.55 pg/mL, respectively; all P < 0.005). Consistent
gradients were observed in relation to dissemina-
tion: node-positive patients exhibited significantly
higher PTHrP concentrations than node-negative
individuals (11.22 vs. 10.21 pg/mL, P = 0.0006), and
patients with distant metastases (M1) had higher
concentrations than non-metastatic patients (11.23
vs. 10.58 pg/mL, P = 0.0020). These clinical find-
ings corroborate the histopathological observations
of Nishihara et al., who reported that elevated intra-
tumoral PTHrP expression correlated with mural in-
vasion, lymphatic permeation, and liver metastasis
in resected colorectal tumors34. These associations

also align with translational studies linking tumor
PTHrP expression to epithelial–mesenchymal tran-
sition (EMT) induction andMET receptor activation,
which collectively orchestrate the establishment of
a pro-metastatic niche 26. Although a PTHrP-driven
EMT program mediated via the RANKL/NF-κB axis
has been described in breast cancer, the operation of
this specific pathway in CRC requires further eluci-
dation 35,36.
At the cellular and molecular level, PTHrP orches-
trates several cooperative oncogenic cascades in
CRC. It upregulates integrin α6β4 expression, which
in turn engages PI3K/Akt signaling to promote
cell survival, motility, and anchorage-independent
growth 23. In LoVo CRC cells, PTHrP-induced α6β4
signaling stimulates Akt phosphorylation and in-
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hibits glycogen synthase kinase-3 (GSK-3), foster-
ing enhanced cell proliferation and invasion 29. Ad-
ditional downstream pathways further substantiate
its pro-tumorigenic role. PTHrP activates the ex-
tracellular signal-regulated kinase 1/2 (ERK1/2) and
p38 MAPK cascades, resulting in downstream RSK
phosphorylation, cyclin D1 and CDK6 upregulation,
and p53 transcriptional repression—molecular hall-
marks of accelerated cell-cycle progression37. Con-
currently, PTHrP increases focal adhesion kinase
(FAK) phosphorylation and enhances Rac1 GTPase
activity via Tiam1 and α6β4 integrin, directly pro-
moting cytoskeletal remodeling and metastatic cell
migration 38. Furthermore, PTHrP stimulates tumor
angiogenesis by inducing VEGF, HIF-1α, and MMP-
9 expression in neoplastic cells; conditioned media
from PTHrP-stimulated CRC cells significantly pro-
mote endothelial cell proliferation and capillary tube
formation in a VEGF-dependent manner39. Col-
lectively, these findings delineate a comprehensive
molecular network through which PTHrP acceler-
ates colorectal tumor progression, vascularization,
and dissemination.
Although serum CEA remains the standard circu-
lating biomarker for CRC surveillance, its limited
diagnostic sensitivity in early-stage disease and in
molecularly distinct tumor subsets constrains its
clinical utility 40. To address this limitation, our
study provides the first systematic evidence that cir-
culating PTHrP may serve as a valuable comple-
mentary biomarker to CEA. In this cohort, serum
PTHrP demonstrated a moderate positive correla-
tion with CEA (Spearman’s r = 0.494, P = 0.0012),
indicating that both markers increase concurrently
with advancing tumor burden andmetastatic poten-
tial. This observation is supported by previous case
reports of metastatic CRC wherein elevated PTHrP
and CEA occurred simultaneously in the setting of
malignancy-associated hypercalcemia, pointing to-
ward a shared biological trajectory of advanced dis-
ease 41.
Multi-marker panel strategies are well established
in gastrointestinal oncology. For example, concur-
rent elevation of CEA and CA19-9 is associated with
significantly poorer five-year overall survival com-
pared with elevation of either marker alone42,43.
By analogy, dual quantification of PTHrP and CEA
may capture complementary facets of CRC biol-
ogy: CEA primarily reflects glycoprotein burden
and secretory shedding, whereas circulating PTHrP
reflects active pro-invasive, angiogenic, and pro-
metastatic signaling. Nonetheless, several limita-
tions of the present study should be noted. This

was a single-center investigation with a relatively
modest sample size, which may limit the immedi-
ate generalizability of our findings. However, the
rigorous inclusion criteria and inclusion of well-
matched control groups reinforce the internal va-
lidity of our observations. Prospective, multicen-
ter longitudinal studies in larger patient cohorts are
warranted to validate these findings and to estab-
lish clinically actionable diagnostic cutoff values for
PTHrP-inclusive biomarker panels, particularly in
low-resource screening settings.

CONCLUSION
In conclusion, this study provides compelling clin-
ical evidence that elevated circulating PTHrP con-
centrations correlate significantly with clinico-
pathological severity and aggressive tumor pheno-
types in Egyptian CRC patients. The marked ele-
vation of PTHrP in advanced primary tumors, nodal
involvement, and distant metastasis, combined with
its moderate positive concordance with CEA lev-
els, highlights its potential clinical utility as an in-
formative biomarker of tumor burden. Because it
is measurable via standardized, cost-effective im-
munoassays, serum PTHrP represents a promising
candidate to complement existing surveillance pro-
tocols and improve risk stratification. Incorporating
PTHrP into routine clinical assessment could facili-
tate more timely interventions and support person-
alized therapeutic management, addressing an ur-
gent clinical need in resource-limited healthcare en-
vironments.
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