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Abstract 
Homeobox B13 (HOXB13) and trefoil factor 3 (TFF3) are novel candidates for the classification of prostate cancer (PC) in molecular subtypes 
that could predict the clinical evolution of patients. The aim of our study was to analyze the possible associations between HOXB13 and 
TFF3 immunohistochemical (IHC) expression in sporadic prostate adenocarcinoma (PAC), the potential prognostic value in relation to the 
classical clinico-pathological parameters, as well as their role in defining distinct molecular subtypes of this malignancy. The study group 
comprised 105 patients diagnosed with PAC who underwent radical prostatectomy. IHC exam was performed using anti-HOXB13 and anti-
TFF3 antibodies and a scoring system that permit the separation of the cases into two subgroups, with low and high immunoexpression, 
respectively. The statistical analysis evaluated the relationship between the two immunomarkers and clinico-pathological parameters. The 
Kaplan–Meier curves and log-rank Mantel–Cox test were used for assessing the prostate-specific antigen (PSA)-progression free survival. 
Four subgroups of PAC were defined based on the IHC overexpression and low immunoexpression of HOXB13 and TFF3. High HOXB13 
and TFF3 immunoexpression was commonly identified in cases characterized by a Gleason score over 7, a G4 or G5 dominant pattern, a 
grade group of 3 or 4 and a preoperatory PSA serum level over 20 ng/mL. HOXB13 overexpression was also associated with pathological 
tumor–node–metastasis (pTNM) stage. The subgroup with both low HOXB13 and TFF3 immunoexpression had the highest PSA-progression 
free interval, whereas the subgroup with high HOXB13 immunoexpression and low TFF3 immunoexpression presented the lowest rate, but 
no statistically significant differences were registered. Our results sustain the role of HOXB13 and TFF3 in the stratification of PAC. Further 
investigations in larger cohorts are imposed to validate the clinical significance of these subgroups in the diagnostic and prognostic of PAC. 
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 Introduction 
Cumulative statistical data places prostate cancer (PC) 

as the second neoplastic cause of mortality in men, 
especially in developed countries. Surpassed only by lung 
cancer as regards to incidence, prostatic neoplasia accounts 
for 350 000 deaths annually, representing 3.8% of cancer 
deaths worldwide [1, 2]. These epidemiological parameters 
regarding PC have undergone significant changes, especially 
after the introduction of prostate-specific antigen (PSA) 
screening and prostate tissue biopsy in current medical 
practice. The use of PSA testing in the general population, 
concurring with easier access to improved medical services 
and increased life expectancy could explain the ascending 
trend of the overall incidence accompanied by a minimal 
decrease of the mortality rate, but also, could be responsible 
for overdiagnosis and overtreatment of 22% up to 67% of 
the newly indolent PC cases [3, 4]. Facing this controversial 
screening procedure, numerous efforts have been directed 
in identifying novel, more precise methods of detection and 
improvement of patient selection in PC screening. In this 
regard, associating PSA testing with genomic information 

could bring significant benefits in risk stratification and 
also personalized therapy. 

Using sequencing technologies, various recurrent early 
genomic alterations have been identified as having an 
important role in prostate carcinogenesis: gene fusions, 
somatic copy number alterations, speckle-type POZ protein 
(SPOP) mutations. Based on genomic profiling, seven 
molecular subclasses of primary PC have been proposed 
[5]. The first four subclasses correspond to the erythroblast 
transformation specific (ETS) positive status, which implies 
the following ETS gene fusions: v-ets erythroblastosis 
virus E26 oncogene homolog or ETS-related gene (ERG) 
(subclass 1), ETS variant transcription factor 1 (ETV1) 
(subclass 2), ETS variant transcription factor 4 (ETV4) 
(subclass 3), and Friend leukemia integration 1 (Fli-1) 
proto-oncogene, ETS transcription factor (FLI1) (subclass 4). 
The following three correspond to ETS negative status, 
associating mutations of following genes: SPOP (subclass 5), 
forkhead box A1 (FOXA1) (subclass 6), and isocitrate 
dehydrogenase nicotinamide adenine dinucleotide phosphate 
(NADP+) 1 (IDH1) (subclass 7). Over 90% of ETS fusion 
alterations in PC involve the transmembrane protease 
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serine 2 (TMPRSS2):ERG, also termed TMPRSS2:ERG 
fusion [6], the rest being determined by other members of 
the ETS family. Apart from these molecular subtypes, an 
important percentage – almost 26% of prostatic neoplasms 
still remain determined by unclear molecular abnormalities. 
In this pursuit of fully understanding the molecular profile, 
numerous other genomic alterations were studied, namely 
phosphatase and tensin homolog (PTEN), natural killer 3 
(NK3) homeobox 1 (NKX3.1), myelocytomatosis proto-
oncogene (MYC), retinoblastoma (RB) protein, lymphoma/ 
leukemia-related factor (LRF), cyclin-dependent kinase 
12 (CDK12), promyelocytic leukemia zinc finger (PLZF) 
[7–12]. 

Among these genetic mutations, a rare, non-conservative, 
but recurrent substitution (p.Gly84Glu – G84E) in the 
homeobox B13 (HOXB13) gene was observed, mainly in 
men with hereditary PC [13, 14]. Since its discovery in 
2012 [15], several HOXB13 mutations have been attributed 
a role in the intricate mechanism of prostatic carcinogenesis 
and have been studied for their potential to influence the 
tumor behavior and progression [16–20]. 

A novel candidate marker with a potential involvement 
in prostate carcinogenesis is represented by trefoil factor 3 
(TFF3). Along with trefoil factor 2 (TFF2), TFF3 is 
included in the trefoil factor family and acts as a protective 
and repairing peptide secreted by the intestinal mucous 
epithelial cells [21]. The mechanism of promoting tumor 
progression is thought to interfere with the anti-apoptotic 
signaling, with the mitochondria-mediated apoptosis pathway 
and with anoikis resistance [22]. Several studies sustain the 
involvement of TFF3 in the development of colorectal, 
pancreatic and breast malignancies [23–30], and also in 
PC [22, 31–33]. 

Aim 

Within this context, the study focused on the analysis 
of the possible associations between HOXB13 and TFF3 
immunohistochemical (IHC) expression in sporadic prostate 
adenocarcinoma (PAC), as well as their potential prognostic 
value in relation to the classical clinico-pathological 
parameters. 

 Patients, Materials and Methods 
Patients 

The study group comprised 105 patients diagnosed 
with PAC who underwent radical prostatectomy within 
the Dr. C. I. Parhon University Hospital, Iaşi, Romania, 
between 2010 and 2018. The research had the approval 
of the Research Ethics Committee of the Grigore T. Popa 
University of Medicine and Pharmacy, Iaşi (No. 3345/2018). 

For our retrospective research, the following medical 
data were documented from the patients’ medical files: 
age; preoperative and postoperative PSA serum levels; 
pathological diagnosis including the Gleason score, dominant 
pattern, grade group; aggressive histological parameters 
(intracapsular and extracapsular, lymphovascular, and 
perineural invasion); pathological tumor–node–metastasis 
(pTNM) stage. The material was represented by archived 
paraffin blocks containing prostatic tissue. For all cases, 
the microscopic specimens were reassessed according to 
the 2016 World Health Organization (WHO) prostate 
grading system [34] and were attributed grade groups [35]. 

Immunohistochemical analysis 

IHC analysis was performed on serial tissue slices of 
4 μm thickness cut from prostatic tissue paraffin-embedded 
blocks and placed on adhesive positively charged slides. 
The technique was carried out manually. Slides were 
deparaffinized using two xylene baths and rehydrated in 
successive decreasing alcohol baths (100%, 90%, 80%, 
and 70%), followed by rinsing in distilled water. Heat-
induced epitope retrieval (HIER) procedure was used for 
unmasking the antigen by immersing the slides in Tris-
Ethylenediaminetetraacetate (EDTA) solution (pH 9) and 
placing them in a steamer at 97°C, for 25 minutes. After 
that, the slides were cooled at room temperature (RT), 
rinsed in distilled water, and the endogenous peroxidases 
were inhibited with hydrogen peroxide for 10 minutes. 
Primary antibodies specific for HOXB13 – rabbit mono-
clonal antibody (clone EPR17371, ab201682, Abcam, 
Cambridge, MA, USA), 1:3000 dilution, and for TFF3 – 
rabbit monoclonal antibody (clone EPR3974, ab108599, 
Abcam, Cambridge, MA, USA), 1:2000 dilution, were 
applied and incubation was performed overnight at 4°C. 
The secondary antibody (goat anti-rabbit IgG ab97051, 
Abcam, Cambridge, MA, USA) and the Streptavidin 
peroxidase were applied at RT, for 30 minutes each. 
After every incubation stage, the slides were washed in 
phosphate-buffered saline (PBS) solution, for 5 minutes. 
The immune reaction was developed with 3,3’-Diamino-
benzidine (DAB) chromogen solution, followed by the 
Mayer’s Hematoxylin counterstaining. 

As positive control for HOXB13, we used the nuclear 
immunostaining of the epithelial cells of benign prostatic 
glands, while positive control for TFF3 consisted in 
cytoplasmic immunoexpression in goblet cells of large 
intestinal epithelia. 

Negative control for both antibodies consisted in omitting 
the incubation with the primary antibody on PAC tissue 
sections; in addition, for the HOXB13 negative control, 
we used slides containing human brain tissue, which is a 
HOXB13 negative tissue. 

Scoring system 

HOXB13 immunoexpression was assessed as intensity 
(I) of nuclear staining (0 – negative, 1+ – low, 2+ – 
moderate, and 3+ – high, in comparison to the nuclear 
immunostaining of epithelial cells of the adjacent benign 
prostatic glands) and percentage (P) of positive tumor cells 
(0 – negative, 1 – less than 30%, 2 – between 30–70%, 
and 3 – more than 70% positive tumor cells). A total IHC 
score was determined as I+P and ranged from 0 to 6. The 
IHC score was later used to define two subgroups: low 
HOXB13 immunoexpression subgroup (included IHC 
scores from 1 to 4) and high HOXB13 immunoexpression 
subgroup (defined by an IHC score of 5 to/and 6). 

The scoring system for TFF3 used the intensity (I) of 
cytoplasmic immunostaining (0 – negative, 1+ – low, 2+ – 
moderate, and 3+ – high) combined with the percentage 
(P) of the positive tumor cells (0 – ≤5%, 1 – 6–19%, 2 – 
20–49%, 3 – ≥50%). The final IHC score ranged from 0 
to 9 and was calculated as I×P. Subsequently, this score 
was used to divide the cases into two subgroups: low 
TFF3 immunoexpression subgroup (defined by an IHC 
score from 1 to 5) and high TFF3 immunoexpression 
subgroup (characterized by an IHC score from 6 to 9). 
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Statistical analysis 

For the statistical analysis, Statistica version 7 (Tibco, 
Palo Alto, CA, USA), and Excel 2016 version 16.0 
(Microsoft, Redmond, WA, USA) were used. The χ2 (chi-
squared) test was applied for studying associations between 
HOXB13 and TFF3 immunoexpression and clinico-
pathological variables. Kaplan–Meier curves and log-
rank Mantel–Cox test were used for assessing the PSA-
progression free survival (biochemical recurrence free 
survival); p-values ≤0.05 were considered as statistically 
significant. 

 Results 
Clinico-pathological characteristics 

The age at onset for the patients included in the study 
ranged between 51 and 77 years old, with a median of 66 
years old. 

According to the Gleason score, patients were included 
in the grade groups, as follows: 32 (30.47%) patients in 
grade group 1 (six patients with Gleason score 5 and 26 
patients with Gleason score 6), 48 (45.71%) patients in 
grade group 2 with Gleason score 7 (=3+4), eight (7.61%) 
patients in grade group 3 with Gleason score 7 (=4+3), 
nine (8.57%) patients in grade group 4 [from which one 
patient with Gleason score 8 (=3+5), one patient with 
Gleason score 8 (=5+3) and seven patients with Gleason 
score 8 (=4+4)], eight (7.61%) patients in grade group 5, 
all with Gleason score 9 (=4+5). The dominant patterns 
were Gleason pattern 3 in 81 (77.41%) cases, Gleason 
pattern 4 in 23 (21.9%) cases and Gleason pattern 5 in 
one case (0.95%). 

The invasion in prostate capsule, both at intracapsular 
and extracapsular level, was present in 94 (89.52%) cases 
and absent in the other 11 (10.48%) cases. The perineural 
invasion was identified in 79 (75.24%) cases, missing in 
26 (24.76%) cases, whereas tumor emboli that confirm 
the lymphovascular invasion were found in 18 (17.14%) 
cases, without evidence in the rest of 87 (82.86%) cases. 

The tumor stage in accordance with the primary tumor 

(pT) criteria of WHO Classification was pT2 in 74 (70.48%) 
cases, and pT3 in 31 (29.52%) cases. 

The preoperative PSA serum levels were available  
for 94 out of 105 patients, presenting a high degree of 
variability (minimum value of 2.15 ng/mL and maximum 
of 98 ng/mL), with a median value of 10.9 ng/mL and mean 
value of 14.22 ng/mL. 

Of the 105 cases that underwent radical prostatectomy, 
only 72 cases were followed postoperatively for PSA 
progression, almost half of them (35 cases – 48.61%) 
showing biochemical recurrence (PSA ≥0.2 ng/mL). 

HOXB13 immunoexpression 

For all 105 cases, positive immunostaining was limited 
to the luminal secretory cells of the benign prostatic 
glands, thus for each case, HOXB13 immunostaining in 
tumor glands was assessed in comparison to the intensity 
of the benign adjacent glands, and was considered weak 
in 18 (17.14%) cases with IHC scores of 1–2, moderate 
in 56 (53.33%) cases with IHC scores of 3–4, strong in 
30 (28.57%) cases with IHC score of 5, and a single case 
was negative. The IHC scores were used to form the two 
subgroups: low HOXB13 immunoexpression subgroup 
comprising 75 (71.42%) cases and high HOXB13 
immunoexpression subgroup including 30 (28.57%) cases. 
Representative images of HOXB13 immunostaining are 
depicted in Figures 1–4. 

TFF3 immunoexpression 

Regarding TFF3 immunostaining of the analyzed tumor 
prostatic tissue, we assessed 24 (22.85%) cases as being 
negative and weak immunostained, with IHC score of  
1–2, 37 (35.23%) cases had moderate immunoexpression 
with IHC score of 3–5, and 44 (41.9%) cases showed 
strong immunostaining with IHC score of 6–9. Applying 
the IHC score, we defined two subgroups: low TFF3 
immunoexpression subgroup represented by 61 (58.1%) 
cases and high TFF3 immunoexpression subgroup composed 
of 44 (41.9%) cases. Different aspects of TFF3 immuno-
staining are illustrated in Figures 5–8. 

 

 
Figure 1 – HOXB13 – high and moderate nuclear 
immunostaining in PAC, Gleason pattern 3. Anti-
HOXB13 antibody immunostaining, ×100. HOXB13: 
Homeobox B13; PAC: Prostate adenocarcinoma. 

Figure 2 – HOXB13 – high nuclear immunostaining in 
PAC, Gleason pattern 5, cribriform glands with comedo-
necrosis. Anti-HOXB13 antibody immunostaining, ×200. 
HOXB13: Homeobox B13; PAC: Prostate adenocarcinoma. 
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Figure 3 – HOXB13 – moderate nuclear immuno-
staining in the tumor glands – PAC with extracapsular 
extension and perineural invasion. Anti-HOXB13 antibody 
immunostaining, ×100. HOXB13: Homeobox B13; PAC: 
Prostate adenocarcinoma. 

Figure 4 – HOXB13 – negative immunoreaction in PAC, 
dominant Gleason pattern 4. Anti-HOXB13 antibody 
immunostaining, ×200. HOXB13: Homeobox B13; PAC: 
Prostate adenocarcinoma. 

 

 
Figure 5 – TFF3 – high cytoplasmic immunostaining in 
PAC, dominant Gleason pattern 3. Anti-TFF3 antibody 
immunostaining, ×100. PAC: Prostate adenocarcinoma; 
TFF3: Trefoil factor 3. 

Figure 6 – TFF3 – positive cytoplasmic immunoexpression 
in tumor glands – perineural invasion in PAC. Anti-TFF3 
antibody immunostaining, ×400. PAC: Prostate adeno-
carcinoma; TFF3: Trefoil factor 3. 

 

 
Figure 7 – TFF3 – heterogenous cytoplasmic immuno-
staining in PAC, Gleason pattern 5, solid nests. Anti-
TFF3 antibody immunostaining, ×200. PAC: Prostate 
adenocarcinoma; TFF3: Trefoil factor 3. 

Figure 8 – TFF3 – low and moderate cytoplasmic 
immunostaining in PAC, Gleason pattern 3 and 4 – 
glomeruloid structures. Anti-TFF3 antibody immuno-
staining, ×100. PAC: Prostate adenocarcinoma; TFF3: 
Trefoil factor 3. 
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Correlation between HOXB13  
and TFF3 immunoexpression 

Based on the IHC profile, four different subgroups were 
defined, as follows: subgroup 1, with high immuno-
expression of HOXB13 and TFF3 – 27 (25.71%) cases; 
subgroup 2, with high HOXB13 immunoexpression and 
low TFF3 immunoexpression – 3 (2.85%) cases; subgroup 3, 
with high TFF3 immunoexpression and low HOXB13 
immunoexpression – 17 (16.19%) cases; subgroup 4, with 
both HOXB13 and TFF3 low immunoexpression – 58 
(55.23%) cases. The statistical analysis revealed a significant 
relation between HOXB13 and TFF3 tissular immuno-
expression (p<0.0001). 

High HOXB13 immunoexpression was found in 27 
of 44 (61.36%) cases of PAC with high TFF3 immuno-

expression, and only in three of 61 (4.91%) cases exhibiting 
low TFF3 immunoexpression. 

Correlation between HOXB13 and TFF3 
immunoexpression and clinico-pathological 
parameters 

The statistical analysis showed that the high HOXB13 
immunoexpression was significantly linked with higher 
Gleason scores and dominant pattern, higher grade group, 
tumor stage and also higher preoperative PSA levels, but 
did not correlate with the age of onset. Also, strong HOXB13 
immunoexpression was significantly associated with 
aggressive features like perineural and lymphovascular 
invasion, but not with tumor capsular involvement/extension 
(Table 1). 

Table 1 – Relationship between HOXB13 and TFF3 immunoexpressions and clinico-pathological characteristics 

Clinico-pathological 
parameters 

# 

HOXB13 

χ2 p-value 

TFF3 

χ2 p-value Low immuno-
expression 

#, % 

High immuno-
expression 

#, % 

Low immuno-
expression 

#, % 

High immuno-
expression 

#, % 
Patient age [years] 1.38 0.24  0.17 0.68 

≤65 50 33 (44%) 17 (56.66%)   28 (45.90%) 22 (50%)   

>65 55 42 (56%) 13 (43.34%)   33 (54.10%) 22 (50%)   

Preoperatory PSA levels [ng/mL] 13.14 0.0013  6.2 0.044 

≤10.0 44 37 (55.23%) 7 (25.92%)   30 (55.55%) 14 (35%)   

10.1–20.0 30 22 (32.83%) 8 (29.62%)   17 (31.48%) 13 (32.5%)   

>20 20 8 (11.94%) 12 (44.44%)   7 (12.96%) 13 (32.5%)   

No data 11         

Gleason score 11.23 0.0008  10.14 0.0014 

<7 32 30 (40%) 2 (6.67%)   26 (42.62%) 6 (13.64%)   

≥7 73 45 (60%) 28 (93.33%)   35 (57.38%) 38 (86.36%)   

Dominant pattern 32.86 0.00001  14.00 0.00018 

≤G3 81 69 (92%) 12 (40%)   55 (90.16%) 26 (59.09%)   

G4, G5 24 6(8%) 18 (60%)   6 (13.64%) 18 (40.91%)   

ISUP grade group 30.32 0.00001  12.21 0.0004 

1–2 80 68 (90.67%) 12 (40%)   54 (88.52%) 26 (59.09%)   

3–4–5 25 7 (9.33%) 18 (60%)   7 (11.48%) 18 (40.91%)   

Capsular invasion 0.21 0.65  0.51 0.47 

Present 94 66 (88%) 28 (93.33%)   53 (86.89%) 41 (93.18%)   

Absent 11 9 (12%) 2 (6.67%)   8 (3.11%) 3 (6.82%)   

Perineural invasion 3.87 0.049  3.19 0.07 

Present 79 52 (69.33%) 27 (90%)   42 (68.85%) 37 (84.09%)   

Absent 26 23 (30.67%) 3 (10%)   19 (31.15%) 7 (15.91%)   

Lymphovascular invasion 7.75 0.005  3.29 0.07 

Present 18 8 (10.67%) 10 (33.33%)   7 (11.48%) 11 (25%)   

Absent 87 67 (89.33%) 20 (66.67%)   54 (88.52%) 33 (75%)   

pTNM stage 3.85 0.049  3.02 0.08 

T2 74 57 (76%) 17 (56.67%)   47 (77.05%) 27 (61.36%)   

T3–T4 31 18 (24%) 13 (43.33%)   14 (22.95%) 17 (38.64%)   

#: No. of cases; %: Percent of cases; χ2: Chi-squared test; HOXB13: Homeobox B13; ISUP: International Society of Urological Pathology; 
PSA: Prostate-specific antigen; pTNM: Pathological tumor–node–metastasis; TFF3: Trefoil factor 3. 

 
As for TFF3 overexpression, the statistical data indicated 

a strong association with higher Gleason score and dominant 
pattern, higher grade groups, higher serum preoperative 
levels of PSA, but there was no significant correlation with 
age of onset and pTMN staging. Regarding the aggressive 
features, TFF3 immunoexpression did not correlate with 
capsular involvement, nor with perineural and lympho-
vascular invasion (Table 1). 

Correlation of HOXB13 and TFF3 
overexpression with biochemical  
PSA recurrence 

Biochemical recurrence was regarded as an indicator 
of disease progression and consisted of the first increase 
of serum PSA levels higher than 0.20 ng/mL, after radical 
prostatectomy. In our study group, 48.61% (35/72) of the 
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followed patients presented biochemical recurrence. The 
Kaplan–Meier curve showed that HOXB13 overexpression 
was associated with a decrease in PSA-progression free 
survival, without significant statistically difference (log-
rank Mantel–Cox, p=0.768) (Figure 9). Similar results were 
obtained for TFF3 high immunoexpression (log-rank 
Mantel–Cox, p=0.909) (Figure 10). 

The correlation between the four subgroups defined 

in accordance with the HOXB13–TFF3 immunoprofile 
and biochemical recurrence showed that subgroup 4, with 
both low HOXB13 and TFF3 immunoexpression had the 
highest PSA-progression free interval, whereas subgroup 
2, with high HOXB13 immunoexpression and low TFF3 
immunoexpression presented the lowest rate, but no 
statistically significant differences were registered (log-
rank Mantel–Cox, p=0.759) (Figure 11). 

 
Figure 9 – Kaplan–Meier curve for PSA-progression free survival in relation to HOXB13 immunoexpression. HOXB13: 
Homeobox B13; IHC: Immunohistochemical; PSA: Prostate-specific antigen. 

 
Figure 10 – Kaplan–Meier curve for PSA-progression free survival in relation to TFF3 immunoexpression. IHC: 
Immunohistochemical; PSA: Prostate-specific antigen; TFF3: Trefoil factor 3. 
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Figure 11 – Kaplan–Meier curve for PSA-progression free survival in relation to HOXB13–TFF3 subgroups. HOXB13: 
Homeobox B13; IHC: Immunohistochemical; PSA: Prostate-specific antigen; TFF3: Trefoil factor 3. 

 
 Discussions 
Over the last decade, numerous efforts have been 

directed into unraveling the intrinsic mechanisms involved 
in prostatic carcinogenesis, aiming at a better understanding 
of the heterogeneity of this disease in terms of histology, 
behavior, and prognosis. In this regard, PC is integrated in 
the current trend of changing the operational classifications, 
in the sense of refining them, by identifying and certifying 
some molecular subtypes. The classification of PC in 
molecular subtypes, together with the prognostic and 
diagnostic value of the various biomarkers currently under 
study, could have a critical role in predicting the clinical 
evolution, as well as in developing a targeted, individualized 
therapy. Therefore, the evaluation of the IHC expression 
of some of these molecular/genetic markers can be of great 
use in differentiating indolent prostate tumors from those 
with a potentially aggressive evolution, having applicability 
in establishing an early individualized therapy based on 
stratification protocols. 

Within this context, our work, focused on the HOXB13 
and TFF3 immunoexpression in PAC, is aiming to analyze 
the possible association of these two markers with the 
classical clinico-pathological variables, and the potential 
prognostic value based on the correlations with disease 
recurrence, assessed by the PSA-progression free survival. 

Our study revealed an important heterogeneity of both 
HOXB13 and TFF3 IHC immunoexpression in PAC. 

HOXB13 profile 

Since it was firstly described by Zeltser et al. in 1996, 
as being the last discovered homeobox gene [36], multiple 
studies have been conducted in order to elucidate HOXB13 
functions in prostate development and also in carcinogenesis 
[15, 37–39]. Despite its established role as transcriptional 
modulator of the androgen independent and androgen 
responsive genes in prostate development [40], HOXB13’s 
part in prostate carcinogenesis still remains controversial, 

being regarded as both an oncogene and a tumor suppressor 
gene [15, 37]. In addition, the pro-oncogenic mechanisms 
caused by HOXB13 mutations have not yet been fully 
elucidated [41–43]. The review of the literature studies 
shows a HOXB13 overexpression especially in hereditary 
prostatic carcinomas characterized by G48E mutations 
[15, 44]. 

The G84E predisposing mutation involving the HOXB13 
gene has an estimated prevalence of 0.1–0.6% in the male 
population and is accompanied by an increased risk for 
PC (up to 3–5 fold), even at younger ages, as opposed to 
non-carrier males [44, 45]. In the last decade, apart from 
G84E, the incidence of different germline HOXB13 
mutational variants (Y88D, L144P, G216C, R229G, 
G135E, R217C, A128D/F248L) with direct involvement 
in hereditary transmission of prostatic neoplasia has been 
assessed by extensive genetic studies [15–17, 46]. However, 
IHC quantification of HOXB13 expression and its possible 
correlation to different parameters (tumor phenotype, 
biochemical recurrence, androgen receptivity, PSA levels) 
and to other biomarkers of interest (i.e., PTEN, ERG) still 
requires investigation and confirmation. Consequently, 
the characteristics of HOXB13 overexpressed prostate 
neoplasms are incompletely clarified [47]. 

In our study, the HOXB13 assessment showed weak 
expression in 18 (17.14%) cases, moderate immunoreaction 
in 56 (53.33%) cases, strong immunostaining in 30 (28.57%) 
cases, a single case (0.95%) being negative. By applying 
the semi-quantitative scoring system, 75 (71.42%) cases 
were classified in the low expression subgroup, the other 
30 (28.57%) cases belonging to the high immunoexpression 
subgroup. 

Our results complement the extremely discordant data 
on HOXB13 immunoexpression in PAC. Thus, in contrast 
to our findings, in a larger population study using tissue 
microarray containing more than 12 400 PCs, HOXB13 
immunostaining was predominantly negative – 48.3% of 
cases; weak and moderate immunoexpression were present 
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in 22.3%, respectively 19.7% of cases, and only 9.6% of 
cases were evaluated as strong [47]. On the other hand, a 
study limited to only 400 cases reported a 100% HOXB13 
strong IHC expression [48]. Another paper analyzing 56 
tissue samples from androgen-dependent and independent 
PAC demonstrated moderate and strong expression in only 
30% of the 44 androgen-dependent cases, and in 83% of 
the other 12 androgen-refractory cases [39]. A recent study 
focused on the comparative analysis of HOXB13 in 
benign prostatic hyperplasia, PAC, and prostate neuro-
endocrine tumors; HOXB13 was consistently expressed 
in hyperplasia (26/28 cases), while in PAC the immuno-
expression was stronger for Gleason score ≥7, with 
statistically significant differences for Gleason score 9 and 
10; HOXB13 was completely absent in neuroendocrine 
tumors [49]. 

Joining these discordant results, our data sustain the 
idea that HOXB13 expression is not homogeneous and 
static, but rather heterogeneous and dynamic during  
the course of neoplastic disease. HOXB13 can be either 
suppressed in tumors that lose their normal prostate identity 
by acquiring a malign phenotype, or overexpressed due 
to intrinsic molecular mechanisms that make tumor 
transformation and growth possible, sometimes even in 
the absence of androgenic stimulation. Nonetheless, we 
must take into consideration that the large variations in 
reporting the IHC positivity rate of HOXB13 could be 
explained using different IHC protocols or IHC scoring 
systems. 

Regarding the clinico-pathological variables, our study 
showed no statistically significant correlation of HOXB13 
immunoexpression with the age of onset. Similar results 
are supported in literature [50], but it is worth mentioning 
that several genetic studies conducted on large populations 
confirm the association of HOXB13 germline mutations 
with increased odds of early prostatic cancer onset, as well 
as increased likelihood of having a family history of PC 
[15, 18, 19]. A possible explanation for these discrepancies 
could be the fact that in sporadic PC, HOXB13 is more 
likely to be amplified than mutated, and thus prostate tumor 
initiation could be prolonged, rather than accelerated as 
seen in HOXB13 germline mutation carriers [51]. 

Our results sustained the relationship between HOXB13 
high immunoexpression and Gleason score (p=0.0008), 
prognostic grade group (p=0.00001), dominant pattern 
(p=0.00001), tumor stage (p=0.049), perineural invasion 
(p=0.049) and lymphovascular invasion (p=0.005), but 
although the majority of PAC with high HOXB13 immuno-
expression presented capsular involvement (28/30), the 
statistical threshold was not reached (p=0.65). The 
association between HOXB13 overexpression and higher 
prognostic grade groups is supported by a recent research 
in the field of genetics [52]. Using genomic-scale association 
studies on tissue samples from more than 6000 radical 
prostatectomies, the authors found an increase in HOXB13 
messenger ribonucleic acid (mRNA) expression relative 
to higher International Society of Urological Pathology 
(ISUP) prognostic grading groups [52]. The same over-
expression was observed in tumors with clinical evolution 
to metastasis, suggesting a potential prognostic role  
of the HOXB13 immunomarker [52]. Thus, our data 

corroborate with other studies reflecting a relevant role of 
HOXB13 in prostate carcinogenesis and its involvement 
in the development of a more aggressive tumor phenotype 
[47, 49]. 

The HOXB13 immunoexpression was statistically linked 
with the preoperative PSA serum levels, and proved 
consistent with recent reports [53], while several studies 
support the role of HOXB13 as an androgen receptor 
(AR) repressor in modulating the AR signaling pathway 
and subsequently the growth regulation of tumor cells 
clinically reflected in lower serum expression of PSA 
[38, 40]. A possible explanation for our results could be 
represented by the theory that HOXB13 overexpression, 
even in the absence of androgen – as seen in androgen-
refractory PAC, still promotes, via alternative signaling, 
a positive growth signal on tumor cells, reflected in higher 
levels of serum PSA [39, 54]. 

However, the HOXB13 immunoexpression was not 
significantly correlated with the postoperatory PSA serum 
level, as marker for PSA-progression free survival, but the 
Kaplan–Meier curve revealed a tendency of association 
with a reduction of the interval of biochemical recurrence. 
Few larger studies proved this relationship, thus considering 
HOXB13 as a potential prognostic factor [47, 55]. 

TFF3 profile 

Several studies have focused on the involvement of 
TFF3 in the carcinogenetic mechanism, supporting a possible 
role in the development of colorectal, pancreatic, breast 
cancer [26–29], and prostatic neoplasia [22, 31–33]. Recent 
data aims to identify the contribution of TFF3 in the large 
cascade of prostate tumorigenesis [22]. Experimental 
evidence revealed the role of TFF3 in the cellular cycle 
regulation [56], a down-regulation of TFF3 gene leading 
to a significant decrease in tumor cell growth and migration 
[22]; these findings support the TFF3 involvement in 
prostate dissemination and metastasis [22]. TFF3 over-
expression has been observed in tumor prostate cells under 
conditions of hypomethylation of the TFF3-promoting 
molecular substrate [57]. However, the results obtained 
so far do not fully explain the functional and biological 
mechanism of TFF3 in the development of PAC. 
Consequently, our study brings data that supplements  
the current framework of knowledge on the relationship 
between TFF3 and prostate tumor phenotype. 

In our research, 24 (22.85%) cases presented negative 
and weak staining, 37 (35.23%) cases – a moderate 
immunostaining, while 44 (41.9%) cases showed strong 
intensity of cytoplasmic staining, in comparison with normal 
prostatic cells. By applying the semi-quantitative scoring 
system, 61 (58.1%) cases were allocated to the low immuno-
expression subgroup, and the other 44 (41.9%) cases were 
classified in the high immunoexpression subgroup. 

Thus, our results are consistent with previous data from 
two studies that reported TFF3 positivity in 47% [31], 
and 42% [32] of cases, whereas another research found 
TFF3 expression in only 31% of a set of 76 prostatic 
biopsies [58]. These results simply identify a subset of 
prostatic carcinomas with overexpression of TFF3, but 
further investigation is needed to link the IHC profile to 
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a potential role of TFF3 in facilitating prostate carcino-
genesis and progression. It is worth noticing that a more 
recent study evaluated the prognostic potential of TFF3 in 
combination with two markers, ERG and serine peptidase 
inhibitor Kazal type 1 (SPINK1), and consequently defined 
two new molecular subsets of TFF3 positive prostatic 
cancer, based on the evidence that TFF3 and ERG protein 
expression are inversely linked, whereas SPINK1 is fully 
overexpressed when TFF3 is present [33]. 

Our work indicated a strong association of TFF3  
high immunoexpression with higher dominant pattern 
(p=0.00018), Gleason score (p=0.0014), and grade groups 
(p=0.0004). As opposed to our findings, other studies 
showed a less frequently TFF3 immunopositivity in 
advanced Gleason grade groups, and no correlation with 
Gleason score [32, 59] and grade group [59]. We also 
noticed no significant correlations between TFF3 and other 
clinico-pathological parameters – namely age of onset, 
tumor stage, capsular involvement, perineural and lympho-
vascular invasion. These results were similar to several 
published papers [31, 32, 59]. In terms of PSA values,  
a significant correlation between high TFF3 immuno-
expression and high preoperative PSA levels was also 
found (p=0.044), according to the elevated TFF3 tissue 
immunoexpression and serum level confirmed in patients 
with an aggressive phenotype [31] concomitant with bone 
metastases [60]. 

These various results suggest the shaping of a TTF3 
IHC profile in non-homogeneous PACs, which seems to 
be in discrepancy with the intracellular molecular profile 
of TFF3 mRNA – low levels of TFF3 mRNA being observed 
more frequently in tumor cells from adenocarcinomas 
with high Gleason score, advanced tumor stage and with 
biochemical recurrence [61]. Differences between protein 
expression and transcriptional levels in prostate tumor cells 
could be attributed to different methods of evaluating 
TFF3 immunoexpression in the studied samples: gene 
sequencing (a quantitative, dynamic method) versus IHC 
quantification (a static, semi-quantitative method). Also, 
the level of TFF3 mRNA could vary due to the mechanisms 
of post-transcriptional regulation of TFF3 and the loss of 
TFF3 in the extracellular space, thus not reflecting the 
intracytoplasmic protein expression of TFF3 [57]. 

As in the case of HOXB13 evaluation, the statistical 
analysis revealed no statistically significant correlation 
between the TFF3 immunoexpression and postoperatory 
PSA serum level. 

These contradictory findings strengthen the necessity 
of a better investigation and understanding regarding the 
subjacent biological mechanisms of carcinogenesis. Although 
TFF3 alone may be expressed in a subset of PAC, it should 
be coupled with other markers (ERG, SPINK1, PTEN, 
high molecular weight cytokeratin) to improve the definition 
of molecular subtypes, the prognostic estimation, and the 
therapeutic decisions [33, 58]. 

HOXB13–TFF3 associative profiles 

Association between the HOXB13 and TFF3 tissular 
immunoexpression has proven to be statistically significant 
(p<0.0001). The fact that 90% (27/30) of the cases expressing 

strong HOXB13 immunostaining were also strongly 
positive for TFF3 could indicate a possible mechanism of 
TFF3 acting as an activated oncogene in this subset of 
PAC exhibiting HOXB13 overexpression, which we have 
found to be related to a more aggressive profile. In this 
regard, an experimental study has demonstrated that forced 
expression of TFF3 led to an increase in prostatic cellular 
oncogenicity, as well as in cellular migration and resistance 
to ionizing radiation [56]. 

Our data showed an increased, but not statistically 
significant association between high immunoexpression of 
HOXB13 and TFF3, respectively, and decreased biochemical 
recurrence free intervals. Few studies focused on the 
relationship of these immunomarkers and preoperatory  
or postoperatory PSA serum level. As far as we know,  
no study has been conducted addressing the combined 
HOXB13–TFF3 immunoexpression. Therefore, we also 
assessed the potential prognostic value of the different 
HOXB13–TFF3 subgroups of PC regarding PSA recurrence. 
Although we noticed a prolonged biochemical recurrence 
free interval in patients displaying low immunoexpression 
of both HOXB13 and TFF3, and a shorter one for high 
HOXB13–low TFF3, no statistically significant difference 
was proved for all four different subgroups defined by the 
variability of these two markers. 

 Conclusions 
Our results justify the role of HOXB13 and TFF3  

in the stratification of PAC. High HOXB13 and TFF3 
immunoexpression was commonly identified in cases 
characterized by a Gleason score over 7, a G4 and/or G5 
dominant pattern, a grade group of 3 or 4 and a preoperatory 
PSA serum level over 20 ng/mL. HOXB13 overexpression 
was also associated with pTMN stage. Four subgroups of 
PAC could be defined based on the differences between the 
IHC overexpression and low expression of HOXB13 and 
TFF3. Further investigations in larger cohorts are imposed 
to validate the clinical significance of these subgroups in 
the diagnostic and prognostic of PAC. 
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