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Abstract
Aim: Golgi phosphoprotein 3 (GOLPH3) has been implicated in tumour growth, invasion, and treatment resistance across several malignancies through 
modulation of mTOR and PI3K/AKT signaling pathways. However, its clinical and molecular significance in endometrial carcinoma (EC) remains unclear.
Materials and Methods: This retrospective single-centre study included 90 EC cases and 11 control endometrial samples. GOLPH3 expression was assessed 
immunohistochemically (IHC) and at the molecular level by polymerase chain reaction (PCR). Associations between GOLPH3 expression and clinicopathological 
parameters -including histological subtype, grade, tumour size, myometrial invasion, lymphovascular invasion, FIGO stage, lymph-node and distant metastasis, 
treatment response, and survival (OS/PFS)- were statistically analysed.
Results: High GOLPH3 IHC expression was detected in 82% of controls, 45% of endometrioid, and 43% of serous carcinomas, without significant intergroup 
differences (p = 0.064). Within EC, GOLPH3 IHC showed no significant correlations with grade, invasion patterns, or survival. However, GOLPH3 transcript levels 
strongly correlated with IHC expression (p < 0.001) and were significantly associated with distant metastasis (p = 0.022) and non-response to treatment (p = 
0.014). Neither IHC nor transcript expression predicted overall or progression-free survival.
Discussion: GOLPH3 molecular expression correlates with metastatic potential and treatment resistance in endometrial carcinoma, while immunohistochemical 
analysis alone may underestimate its biological relevance. These findings support GOLPH3 as a potential biomarker requiring validation in larger, molecularly 
stratified EC cohorts.
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Introduction
Endometrial carcinoma (EC) is the most common malignancy 
of the female genital tract and remains a major cause of 
morbidity and mortality in women. Despite advances in surgical 
and adjuvant treatments, recurrence and progression persist in 
a considerable subset of patients, indicating that conventional 
clinicopathological parameters are insufficient for accurate 
prognostic prediction. Hence, the identification of novel 
molecular biomarkers reflecting tumour aggressiveness and 
treatment response has gained importance.
Golgi phosphoprotein 3 (GOLPH3) has emerged as a key 
mediator of oncogenic signalling due to its role in Golgi-
driven vesicular trafficking and cellular stress responses. 
The Golgi apparatus functions as a signalling hub in cancer, 
and proteins such as GOLPH3 contribute to proliferative and 
invasive phenotypes through altered pathway regulation 
[1]. Recent studies show that GOLPH3 is overexpressed in 
gastric and colorectal cancers, where it holds diagnostic and 
prognostic value, and multi-omics analyses also highlight 
the clinical relevance of Golgi-related biomarkers in prostate 
cancer [2,3]. Additionally, experimental findings in gynaecologic 
malignancies demonstrate that dysregulated Golgi signalling 
influences proliferation, apoptosis, and metastatic behaviour, 
supporting a functional role for GOLPH3-associated pathways 
in endometrial carcinoma [4]. 
Aberrant GOLPH3 overexpression has been reported in 
several solid tumours, including gastric, pancreatic, colorectal, 
oesophageal, glioblastoma, and non–small cell lung cancers, 
where it correlates with increased proliferation, invasion, and 
poor prognosis [5-10]. In epithelial ovarian carcinoma, GOLPH3 
expression is linked to advanced histological grade and reduced 
survival, and in colorectal cancer, to adverse outcomes following 
5-fluorouracil therapy [11,12].
Mechanistically, GOLPH3 exerts oncogenic effects through 
multiple pathways. It alters extracellular vesicle composition, 
modulating tumour–microenvironment interactions; regulates 
transcriptional reprogramming and alternative splicing in 
genes affecting endometrial stromal cell differentiation; 
enhances migration and invasion via epithelial–mesenchymal 
transition (EMT); and promotes proliferation through PI3K/AKT/
GSK3β pathway activation [13-17]. Furthermore, it contributes 
to chemotherapy resistance in ovarian cancer and to complex 
transcriptional and signalling network regulation in lung 
adenocarcinoma [18,19].
Collectively, evidence suggests that GOLPH3 functions not 
merely as a structural Golgi protein but as a multifunctional 
oncoprotein involved in tumour initiation, progression, and 
therapeutic resistance. However, data on its clinical and 
biological relevance in endometrial carcinoma are scarce. 
This study aims to evaluate GOLPH3 expression in EC using 
immunohistochemistry (IHC) and quantitative real-time PCR, and 
to investigate its relationship with histological subtype, grade, 
tumour size, myometrial and cervical invasion, lymphovascular 
invasion, lymph node metastasis, FIGO stage, and clinical 
outcomes (OS/PFS). By correlating IHC and mRNA expression 
levels, this study seeks to clarify the clinical significance of 
GOLPH3 in EC and support its potential role as a prognostic 
biomarker and therapeutic target.

Materials and Methods
This retrospective study included 90 patients who underwent 
total abdominal hysterectomy with bilateral salpingo-
oophorectomy (TAH-BSO) and regional lymphadenectomy 
between 2009 and 2015 at the Department of Obstetrics and 
Gynecology, Selçuk University Faculty of Medicine, and were 
histopathologically diagnosed with endometrial carcinoma (EC). 
Additionally, 11 endometrial samples (secretory, proliferative, 
or disordered proliferative endometrium) served as the control 
group. Clinical data were retrieved from hospital archives and, 
when necessary, verified through patient contact. Information 
on radiotherapy and chemotherapy was obtained from 
departmental records of Radiation and Medical Oncology.
Inclusion and Exclusion Criteria
Inclusion criteria were as follows:
• histopathologically confirmed diagnosis of endometrial 
carcinoma;
• patients who underwent TAH-BSO with regional 
lymphadenectomy;
• availability of adequate FFPE tissue blocks suitable for both 
IHC and PCR analyses;
• complete clinicopathological and follow-up data;
• sufficient RNA integrity for molecular evaluation.
Exclusion criteria included:
• insufficient or poor-quality tissue blocks preventing reliable 
IHC or PCR analysis;
• incomplete clinical or follow-up data;
• administration of chemotherapy, radiotherapy, or hormonal 
therapy before surgery;
• presence of synchronous malignancies or metastatic tumors 
to the endometrium;
• degraded, autolyzed, or fragmented archival tissues unsuitable 
for RNA extraction.
Formalin-fixed, paraffin-embedded tissue blocks were obtained 
from the Department of Pathology. All hematoxylin and eosin 
(H&E) slides were re-evaluated according to the FIGO 2009 
classification, assessing histological grade, myometrial 
invasion, cervical involvement, and lymph-node metastasis. 
Representative paraffin blocks were selected, and 4 µm sections 
were cut using a Leica RM2255 microtome and mounted on 
poly-L-lysine–coated slides. After deparaffinisation, slides 
were stained immunohistochemically with anti-GOLPH3 
antibody (rabbit polyclonal, orb37958, 1:50 dilution) using a 
Ventana BenchMark XT system. Cytoplasmic brown staining 
was considered positive. Staining intensity (0–3) and extent 
(0–3) were summed to obtain a final score (0–6). Scores ≤ 4 
were classified as low, and > 4 as high expression, following 
established criteria.
Total RNA was extracted from 5 µm paraffin sections 
using the ROCHE High Pure FFPET RNA Isolation Kit. After 
deparaffinisation, proteinase K digestion, and DNase treatment, 
RNA was eluted and stored at −80°C. Complementary DNA 
(cDNA) synthesis was performed using the Transcriptor First 
Strand cDNA Synthesis Kit (Roche). Quantitative real-time PCR 
was carried out in a Roche LightCycler 480 system with β-actin 
as the reference gene. The relative GOLPH3 mRNA expression 
was calculated by the 2^ΔΔCt method.
Tumour grade, myometrial and cervical invasion, lymphovascular 
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invasion, lymph-node metastasis (pelvic or para-aortic), FIGO 
stage (I–II low, III–IV high), risk group, distant metastasis, and 
treatment response were recorded. Overall survival (OS) was 
defined as the time from diagnosis to death or last follow-
up, and disease-free survival (DFS) as the time to recurrence/
metastasis or last disease-free evaluation.
Statistical Analysis
Analyses were performed using SPSS v18. Categorical 
variables were compared with Chi-square tests; continuous 
variables with the Mann–Whitney U or Kruskal–Wallis H tests. 
A two-tailed p < 0.05 was considered statistically significant. 
Associations between GOLPH3 expression (IHC and PCR) and 
clinicopathological variables, metastasis, treatment response, 
OS, and DFS were examined.
Ethical Approval
This study was approved by the Non-Interventional Clinical 
Research Ethics Committee of Selçuk University, Faculty of 
Medicine (Date: 2014-06-10, No: 2014/12).

Results
A total of 101 cases were included. The mean age was 58.6 

years (range, 33–82). Fifteen patients died during follow-
up. The mean tumor size was 4.5 cm (range, 1–11 cm). By 
histopathology, endometrioid carcinoma accounted for 75% (n 
= 76), serous carcinoma for 14% (n = 14), and controls (non-
tumoral endometrium) for 11% (n = 11). Among endometrioid 
carcinomas, 45% (n = 34) were grade 1, 45% (n = 34) grade 2, 
and 10% (n = 8) grade 3 (Table 1).
In the 90 evaluable endometrial carcinoma (EC) cases, 
myometrial invasion (MI) was < 50% in 59% (n = 53) and ≥ 50% 
in 41% (n = 37). Cervical stromal invasion was present in 23% 
(n = 21) and absent in 77% (n = 69). Lymphovascular invasion 
(LVI) was positive in 24% (n = 22) and negative in 76% (n = 68).
All carcinomas underwent pelvic and para-aortic lymph-node 
dissection; lymph-node metastasis was identified in 18% (n = 
16) of cases, involving pelvic nodes alone in 44% (n = 7) and 
pelvic ± para-aortic nodes in 56% (n = 9). Distant metastasis 
occurred in 21% (n = 19).
By FIGO staging, 42% (n = 38) were Stage IA, 18% (n = 16) 
Stage IB, 14% (n = 13) Stage II, 1% (n = 1) Stage IIIA, 9% (n = 8) 
Stage IIIC1, 8% (n = 7) Stage IIIC2, and 8% (n = 7) Stage IV. Risk 
stratification classified 29 as low, 30 as intermediate, and 31 
as high risk. Of 66 treated patients, 46 (70%) were responders 
and 20 (30%) non-responders. The median overall survival (OS) 
was 42 months (range, 11–73 months), and the progression-
free survival (PFS) was 37 months (range, 6–75 months).
At the tissue level, high GOLPH3 IHC expression was observed in 
9 / 11 (82%) controls, 34 / 76 endometrioid carcinomas, and 6 
/ 14 serous carcinomas. Conversely, low expression was present 
in 2 / 11 (18%) controls, 42 / 76 (55%) endometrioid, and 8 
/ 14 (57%) serous tumors (Table 1). Although controls tended 
to show higher GOLPH3 expression, differences among control, 
endometrioid, and serous groups did not reach statistical 
significance (p = 0.064).

Table 1. Relationship between immunohistochemical GOLPH3 
expression and histopathological features in endometrial 
carcinomas

Table 2. Correlation between immunohistochemical GOLPH3 expression and clinicopathological variables in patients with 
endometrial carcinoma

GOLPH3
Total X2 p

Low High

Histopathologic features

Endometrioid 42 (55.3%) 34 (44.7%) 76

5.498 0.064Serous 8 (57.1%) 6 (42.9%) 14

Control group 2 (18.2%) 9 (81.8%) 11

Grade groups

Grade 1 19 (55.9%) 15 (44.1%) 34

0.100 0.951Grade 2 19 (55.9%) 15(44.1%) 34

Grade 3 4 (50.0%) 4 (50.0%) 8

Clinicopathological variables
GOLPH3

Total X2 p

Low High

Age (years)
≤ 60 24 (54.5%) 20 (45.5%) 44

0.036 0.850
> 60 26 (56.5%) 20 (43.5%) 46

Tumor size
≤ 4 cm 25(58.1%) 18 (41.9%) 43

0.067 0.795
> 4 cm 25 (53.2%) 22 (46.8%) 47

Myometrial invasion
< 50% 32 (60.4%) 21 (39.6%) 53

0.785 0.375
> 50% 18 (48.6%) 19 (51.4%) 37

Cervical invasion
negative 37 (53.6%) 32 (46.4%) 69

0.175 0.676
positive(stromal) 13 (61.9%) 8 (38.1%) 21

Lymphovascular invasion
negative 41 (60.3%) 27 (39.7%) 68

1.806 0.179
positive 9 (40.9%) 13 (59.1%) 22

Lymph node involvement
negative 41(55.4%) 33(44.6%) 74

0.000 0.588
positive 9 (56.3%) 7 (43.8%) 16

Stage
low 38 (56.7%) 29 (43.3%) 67

0.018 0.893
high 12 (52.2%) 11 (47.8%) 23

Risk group

low 16 (53.3%) 14 (46.7%) 30

0.177 0.915intermediate 17 (54.8%) 14 (45.2%) 31

high 41 (57.7%) 30 (42.3%) 71

Distant metastasis
negative 41 (57.7%) 30 (42.3%) 71

0.301 0.583
positive 9 (47.4%) 10 (52.6%) 19
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Representative histological and immunohistochemical findings 
are shown in Figures 1-3. Figure 3 illustrates low (+ 1) GOLPH3 
staining in Grade 1 endometrioid adenocarcinoma, while 
Figure 5 demonstrates strong (+ 3) staining in another Grade 
1 case. Figure 4 presents a serous adenocarcinoma with weak 
cytoplasmic (+ 1) GOLPH3 expression.
Within endometrioid carcinomas, the distribution of high 
GOLPH3 expression by grade was 44% (15 / 34) in grade 1, 
44% (15 / 34) in grade 2, and 12% (4 / 8) in grade 3, with 
no significant association with histological grade (p = 0.951) 
(Table 2).
Across the 90 EC cases, GOLPH3 IHC expression showed no 
significant correlation with age (p = 0.850), tumor size (p = 
0.795), MI (p = 0.375), cervical stromal invasion (p = 0.676), or 
LVI (p = 0.179). Likewise, there were no significant associations 
with FIGO stage (p = 0.893), risk group (p = 0.915), lymph-node 
positivity (p = 0.588), or distant metastasis (p = 0.583). The 
distribution of expression did not differ between pelvic versus 
para-aortic ± pelvic nodal involvement (p = 0.055) (Table 2). 
Treatment response was also not associated with GOLPH3 IHC 
(p = 0.553).
In 90 carcinoma cases assessed by PCR GOLPH3 mRNA levels 
correlated strongly with IHC expression (p = 0.000), confirming 
molecular–protein concordance (Table 3). Higher GOLPH3 PCR 
levels were significantly associated with the presence of distant 
metastasis (p = 0.022) and with non-response to treatment (p = 
0.014). No significant differences in GOLPH3 PCR values were 
detected with tumor size, MI, cervical invasion, LVI, lymph-node 
involvement, FIGO stage, age, or nodal region (all p > 0.05). 
PCR values did not differ by grade (p = 0.375), risk group (p 
= 0.228), carcinoma vs. control (p = 0.996), endometrioid vs. 
serous (p = 0.060), or across three histological categories (p = 

0.169) (Table 3).
The median OS was 42 months, and the median PFS was 
37 months. While lower GOLPH3 PCR levels trended toward 
longer OS, neither GOLPH3 PCR levels nor IHC expression were 
significantly associated with OS or PFS (OS p = 0.460; PFS p = 
0.610) (Table 3).

Discussion
Endometrial cancer remains the most common gynecologic 
malignancy, and its rising incidence highlights the need 
for improved prognostic markers beyond conventional 
clinicopathological features. Recent evidence identifies the 
Golgi apparatus as a central signalling hub in cancer biology, 
with GOLPH3 contributing to proliferative and adaptive 
tumour behaviours through Golgi-mediated pathways [1]. Its 
overexpression in gastrointestinal cancers and demonstrated 
diagnostic and prognostic utility support its relevance as a 
biomarker, while multi-omics analyses in prostate cancer 
further emphasize the clinical significance of Golgi-associated 
proteins in tumour progression [2,3]. Experimental studies in 
endometrial carcinoma models also show that dysregulated 
Golgi signalling promotes proliferation, invasion, and apoptosis 
resistance, suggesting that GOLPH3-related pathways may 
play a similarly important role in EC biology [4].
Across several solid tumours, GOLPH3 overexpression has been 
linked to aggressive behaviour and poorer outcomes—including 
gastric, pancreatic, colorectal, oesophageal, glioblastoma 
and non-small cell lung cancers—supporting its adverse 
prognostic significance in diverse histologies [5–12]. Although 
data on endometrial carcinoma (EC) remain limited, serum 
GOLPH3 has shown diagnostic/prognostic value in ovarian 
cancer, raising the prospect of a circulating biomarker within 

Table 3. Correlation between GOLPH3 PCR levels and clinicopathological features

N(%) Rank average Mann Whitney-U test p

Tumor size
≤ 4 cm 43 (47.8%) 43.03

904.500 0.392
 > 4 cm 47 (52.2%) 47.76

Myometrial invasion
< %50 53 (58.9%) 42.02

796.000 0.130
> %50 37 (41.1%) 50.49

Cervical invasion
negative 69 (76.7%) 45.47

722.500 0.985
positive (stromal) 21 (23.3%) 45.60

Lymphovascular invasion
negative 68 (75.6%) 43.78

631 0.272
positive 22 (24.4%) 50.82

Lymph node involvement
negative 74 (82.2%) 44.89

546.500 0.631
positive 16 (17.8%) 48.34

Stage
low 67 (74.4%) 44.16

681.000 0.408
high 23 (25.6%) 49.39

Distant metastasis
negative 71 (78.9%) 42.23

442.500 0.022
positive 19 (21.1%) 57.71

Age (years)
≤ 60 44 (48.9%) 43.47

922.500 0.470
> 60 46 (51.1%) 47.45

GOLPH3 expression (immunohistochemistry)
low 50 (55.6%) 36.22

536.000 0.000
high 40 (44.4%) 57.10

Lymph node involvement region
pelvic 7 (43.7%) Haz.29

16.000 0.114
paraaortic 9 (56.3%) Eki.22

Response to therapy
response 46 (69.7%) 29.65

6.099 0.014
no response 20 (30.3%) 42.35
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gynaecologic malignancies [20]. Mechanistic observations in 
human endometrial stromal cells further show that GOLPH3 
modulates expression and alternative splicing of transcription 
factors central to decidualization, implying that relatively high 
basal expression in benign endometrium could be physiologic 
rather than neoplastic [14].
Findings from ovarian cancer reinforce GOLPH3’s functional 
relevance: it promotes proliferation and invasion and associates 
with cisplatin resistance, aligning with therapy resistance 
phenotypes observed in other cancers [18]. These data offer 
a plausible biological substrate for the treatment-response 
trends we observed in EC at the transcript level (PCR). In lung 
adenocarcinoma, network-level analyses identified GOLPH3 as 
a node integrating multiple oncogenic modules, suggesting that 
its impact extends beyond Golgi mechanics to transcriptomic 
regulation with phenotypic consequences [19]. In cervical 
cancer, activation of Wnt/β-catenin signalling by GOLPH3 
drives epithelial-mesenchymal transition (EMT), consistent 
with invasion/metastasis programmes that may generalize 
to EC [17]. Complementarily, endometrial carcinoma models 
implicate PI3K/AKT/GSK3β signalling and EMT as downstream 
axes of GOLPH3, providing a mechanistic link to dissemination 
and resistance [15,16].
In our cohort, benign endometrium demonstrated strong 

immunohistochemical (IHC) GOLPH3 expression, and IHC 
did not significantly discriminate among EC histotypes or 
grades. This pattern is biologically plausible given GOLPH3’s 
role in decidualization and secretory transformation of 
the endometrium [14]. Importantly, PCR measurements of 
GOLPH3 transcripts correlated with IHC yet showed significant 
associations with distant metastasis and non-response to 
therapy, whereas IHC did not. The divergence likely reflects 
semi-quantitative constraints and pre-analytical variability of 
IHC versus the greater analytic sensitivity of PCR to detect 
clinically relevant differences in transcriptional activity.
With respect to anatomic spread, we observed numerically 
higher IHC expression among cases with para-aortic ± pelvic 
nodal disease (a worse-risk pattern) compared with pelvic-
only involvement, though differences were not statistically 
significant. This mirrors reports from other solid tumours in 
which GOLPH3 levels track with nodal status and advanced 
stage, and is concordant with the EMT/Wnt and PI3K/AKT/
GSK3β mechanisms attributed to GOLPH3 in gynaecologic and 
non-gynaecologic models [5-12,15-17]. The PCR association 
with distant metastasis in our series further supports a role for 
GOLPH3 in late-stage dissemination.
Therapeutically, higher GOLPH3 has been linked to resistance 
to cytotoxic agents, including platinum compounds in ovarian 
cancer, and to worse responses to chemo-radiotherapy in 
other tumours [18]. In our data, elevated GOLPH3 transcripts 
associated with non-response, consistent with a predictive 
signal; the absence of an IHC association again suggests an 
assay-sensitivity effect. From a translational standpoint, 
patients with high GOLPH3 mRNA might benefit from early 
consideration of alternative adjuvant strategies. Given 
GOLPH3’s upstream position, targeting PI3K/AKT/mTOR or 
Wnt/β-catenin axes could be rational in biomarker-selected 
subsets [15–17]. Additionally, EV-mediated mechanisms may 
contribute to drug efflux, microenvironmental conditioning, and 
immune modulation, offering complementary interventional 
avenues [13].
In survival analyses, neither GOLPH3 IHC nor PCR independently 
predicted overall or progression-free survival in our cohort, 
although higher transcript levels trended with shorter OS/
PFS. This likely reflects limited power due to the distribution 
of stages and histologies. Notably, multiple external datasets 
across solid tumours consistently link higher GOLPH3 with 
inferior survival, strengthening the inference that, with larger 
EC cohorts or molecular stratification, a prognostic effect 
might emerge [5-12,19,20].
Collectively, our results support a two-tiered evaluation 
paradigm in EC: IHC can serve as an accessible screening 
tool, while PCR provides superior granularity for metastasis 
and treatment-response risk. Mechanistically coherent signals 
across PI3K/AKT/mTOR, Wnt/β-catenin/EMT, and EV biology 
[13-17] provide a unifying framework linking elevated GOLPH3 
transcription to dissemination and therapeutic resistance. 
These observations justify prospective validation in larger, 
molecularly annotated EC cohorts, incorporation of circulating 
GOLPH3 assays to explore liquid-biopsy utility, and pathway-
directed clinical studies evaluating targeted combinations in 

Figure 3. Grade 1 endometrioid adenocarcinoma (H&E, × 100) 
and corresponding strong (+ 3) GOLPH3 immunostaining (IHC, 
× 200)

Figure 1. Grade 1 endometrioid adenocarcinoma (H&E, × 100) 
and corresponding low (+ 1) GOLPH3 immunostaining (IHC, × 
200)

Figure 2. Serous adenocarcinoma (H&E, × 100) and 
corresponding weak (+ 1) GOLPH3 immunostaining (IHC, × 200)
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patients with high GOLPH3 mRNA [20].
Limitations
This study is limited by its retrospective, single-centre design and 
relatively small sample size, which may restrict generalizability. 
The semi-quantitative nature of immunohistochemical 
assessment and absence of functional validation also limit 
mechanistic interpretation. Prospective multicentre studies 
with larger cohorts and molecular profiling are needed to 
confirm these findings.
Conclusion
GOLPH3 mRNA expression was significantly associated 
with distant metastasis and treatment resistance, whereas 
immunohistochemical expression showed no prognostic impact. 
These findings suggest that molecular assessment of GOLPH3 
may provide greater clinical insight and support its potential 
role as a biomarker and therapeutic target in endometrial 
carcinoma.
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