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Background: Prostate cancer lacks reliable biomarkers to distinguish between 
indolent and aggressive forms, posing diagnostic and prognostic challenges. 
Sall4, primarily found in embryonic stem cells, is reactivated in various 
cancers, but its role in prostate cancer remains unclear.

Objectives: This study aims to evaluate Sall4 protein and mRNA levels in 
malignant and normal prostate tissues and explore their association with 
clinical data. 

Materials and methods: This study was conducted from December 2022 to 
April 2024 at Al-Hussein Teaching Hospital, Thi-Qar, Iraq. Sall4 protein and 
mRNA expression levels were assessed in 40 normal tissues and 194 malignant 
prostate tissues using immunohistochemistry and RNAscope® methods. The 
data were analyzed using unpaired t-tests. 

Results: The study identified a significant increase in nuclear Sall4 protein 
expression, assessed by immunohistochemistry, in prostate cancer tissues 
compared to normal tissues (p=0.001). Similarly, Sall4 mRNA levels, measured 
using RNAscope®, were significantly higher in malignant tissues (p<0.001). 
Increased Sall4 expression at both protein and mRNA levels was significantly 
associated with higher Gleason scores (protein: p=0.003; mRNA: p=0.009), 
lymph node involvement (protein: p=0.002; mRNA: p=0.006), and metastasis 
(protein: p=0.001; mRNA: p=0.017). However, no significant correlation was 
found between Sall4 expression and tumor size. 

Conclusion: Elevated Sall4 expression may be associated with prostate 
tumorigenesis and aggressiveness. Further studies are needed to clarify its 
role and evaluate its potential as a prognostic biomarker for prostate cancer.
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Introduction
Prostate cancer (PCa) is a significant global 

health concern, characterized by a high fatality 
rate and widespread impact on men’s health.1,2 It 
accounts for approximately 300,000 new cases and 
41,000 deaths annually in the United States3 and 
ranks as the tenth most predominant malignancy in 
Iraq, accounting for 1,224 newly diagnosed cases in 
2019.4 The vast majority of PCa cases, approximately 
95%, are known to be acinar adenocarcinomas, 
which develop in glandular areas of the prostate.5,6 In 
contrast, only around 5% of these cases have ductal 
adenocarcinomas, which grow from the glandular 
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epithelial cells and are often identified through 
histopathological analysis.6

	 Two key systems assess PCa progression: the 
Gleason grade and Tumor-Node-Metastasis (TNM) 
systems.7 The Gleason grading system classifies PCa 
based on microscopic tissue architecture, ranging from 
1 to 5, indicating how closely the cancer resembles 
normal tissue.8 Less aggressive cancers resemble 
healthy tissue, while more aggressive ones show 
abnormal features and higher metastatic potential.9 
PCa is heterogeneous, with varying patterns in the same 
tumor, so the Gleason score combines the two most 
common grades in biopsy or prostatectomy samples, 
with the highest score being 10. A Gleason score of 7 
(e.g., 3+4 or 4+3) reflects different proportions of grade 
3 and 4 components.9,10 The TNM system stages cancer 
based on tumor size (T), lymph node involvement 
(N), and metastasis (M), providing key prognostic 
information and guiding treatment.11 However, neither 
system can reliably differentiate between aggressive 
and non-aggressive tumors or predict outcomes after 
initial therapy, such as relapse or sustained remission.8

	 Spalt-like transcription factor 4 (Sall4), a zinc 
finger transcription factor, is crucial in maintaining 
pluripotency and promoting oncogenesis, with its 
expression linked to aggressive cancer behaviors. Sall4 
is predominantly found in embryonic stem cells and 
during embryonic development, with its expression 
markedly absent or reduced in the majority of healthy 
adult human tissues. However, it has been reactivated 
in various cancers, including approximately 30% of 
solid tumors, such as PCa.12-14

	 Its role in regulating key pathways associated with 
cell survival and proliferation makes it a compelling 
candidate for further investigation in PCa. Sall4 may 
contribute to the progression of PCa primarily by acting 
as a transcriptional activator of the Bmi-1 gene, which 

is well-known for its function in controlling stem cell 
self-renewal and differentiation as well as preventing 
cells from dying.15-17 Another study on transgenic mice 
with the Sall4 B mutation showed lower levels of PTEN 
expression than wild-type controls, indicating that 
Sall4 may inhibit PTEN transcription. Elevated Sall4 
levels could, therefore, contribute to PCa development 
by inhibiting PTEN and fostering tumorigenic 
processes, emphasizing the need to explore further 
Sall4’s regulatory impact on PTEN in PCa.18 Yang and 
colleagues have demonstrated that Sall4 upregulates 
several anti-apoptotic genes, including Bmi-1, Bcl2, 
DAD1, TEGT, BIRC7, and BIRC4, while negatively 
regulating pro-apoptotic genes such as TNF, TP53, and 
PTEN.18 
	 These findings encourage us to assess the 
expression level of Sall4 in normal and malignant 
prostate tissues and to investigate its correlation with 
PCa clinical data using immunohistochemistry (IHC) 
and RNAscope® methods.  

Materials and methods 
Patients and control samples 
	 This retrospective study was approved by 
the Ethics Board of Al Hussein Teaching Hospital, 
Thi-Qar, Iraq (Approval No. 2021159, dated 7/12/2022). 
A total of 234 prostate samples were analyzed, including 
194 formalin-fixed, paraffin-embedded malignant 
specimens and 40 normal prostate (NP) tissues as 
controls. Gleason scores and pathological stages were 
assessed by histopathologists. Patients who received 
chemotherapy or hormonal therapy were excluded. 
Normal testis tissue served as a positive control in both 
IHC and RNAscope® assays, while negative controls 
omitted the primary antibody. Clinical data related to 
prostate tissues are summarized in Table 1.

Table 1. The distribution of normal and malignant prostate cases according to clinical data.

Prostate clinical data Number % p value

Number of samples
Normal 40 17.1

<0.0001
Malignant 194 82.9

Age range
Normal 21-50

<0.0001
Malignant 20-85

Gleason score

Low Gleason score 30 15.5

High Gleason score 160 82.5

N/A 4 2

T category

T1 18 9.3

T2 103 53.1

T3 48 24.7

T4 17 8.8

N/A 8 4.1
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Immunohistochemistry 
	 IHC was performed on prostate tissue sections 
using two anti-Sall4 antibodies: a rabbit polyclonal 
(1:100, Abcam, Ab29112, UK) and a mouse monoclonal 
(1:100, Novus Bio, H00057167-M03, UK). Detection 
used the DAKO Envision™+HRP (DAB) kit (K4010, 
DAKO, UK). This method was carried out according to 
the previously protocol described by Alalwany, et al.19 
Sections were deparaffinized with Histoclear (H5-200, 
National Diagnostics, UK), rehydrated through graded 
ethanol (100%, 95%, 70%) (20821 330, VWR, UK), and 
permeabilized with 0.5% Triton X-100 (T8787-100ML, 
Sigma, UK) in PBS (BR00140, OXOID, UK).
	 Heat-induced epitope retrieval was done at 90 °C 
for 30 minutes in Tris/EDTA buffer (pH 9) (T/p90/630, 
Fisher Scientific, UK), followed by cooling. Endogenous 
peroxidase activity was blocked with %3 hydrogen 
peroxide, and non-specific binding was reduced using 
%10 normal goat serum (G9023, Sigma, UK) and %0.05 
BSA (A4503, Sigma, UK) in PBS.
	 Primary antibodies were applied overnight at 4 °C. 
After PBS washes, sections were incubated with 
secondary antibody for 30 minutes, developed with 
DAB for 5 minutes, counterstained with hematoxylin 
(H-3401, Vector, UK), and mounted using DPX (06522, 
Sigma-Aldrich, UK). Images were captured using a 
Nikon Eclipse E800 microscope.

IHC quantification
	 The H-score approach was used to evaluate the 
Sall4 immunostaining in prostate tissue samples by 
histopathologists. This method quantifies protein 
expression in IHC by evaluating the percentage and 
intensity of stained cells. The H-score range is 0-300.25 

Nuclear staining was shown to have four intensity levels: 
0, indicating no staining, 1, indicating mild staining, 2, 
indicating moderate staining, and 3, indicating severe 
staining. The formula used to determine the H-score 
was as follows:
	 “H-score = (3 × % strongly positive nuclei) + (2 × 
% moderately positive nuclei) + (1 × % weakly positive 
nuclei)”. The total score ranges from 0 to 300.

RNAscope® protocol 
	 RNAscope® was used to detect mRNA molecules 
in tissue samples via light microscopy, following 

the manufacturer’s instructions over two days using 
RNAscope® 2.5. HD detection reagent –Brown (Cat. No. 
322310, ACD, Italy). First, tissue sections were incubated 
in a dry oven at 60°C for an hour to ensure adherence, 
followed by deparaffinization and rehydration as 
described in the IHC protocol. Endogenous peroxidase 
activity was blocked by applying H202 for 10 minutes, 
followed by washing with deionized water (ddH₂O). Target 
retrieval (cat. no 322000, ACD, Italy) was performed by 
heating the slides at 98 °C in 1x target retrieval solution 
(cat. no 310091, ACD, Italy) for 15 minutes, then rinsing 
with ddH₂O and 100% ethanol. 
	 On the second day, RNAscope® amplifier reagents 
were brought to room temperature, and probes were 
pre-warmed to 40 °C in a HybEZ II oven  to dissolve any 
precipitated salts. Tissue sections were treated with 
protease pulse (Cat. No. 322330,  ACD, Italy), incubated 
for 30 minutes at 40 °C in a humidified tray, and 
washed with ddH₂O to remove RNA-binding proteins, 
permeabilize tissue, and enhance probe penetration.
	 Next, mRNA probes were added, and the sections 
were incubated for two hours at 40 °C. After a two-
minute wash with 1x wash buffer, six amplification 
stages (AMP 6-1) were carried out, with incubation 
times of 30, 15, 30, 30, and 15 minutes, respectively, 
at 40 °C. Each amplification step was followed by two 
washes in buffer for three minutes. DAB was applied 
to the sections for 10 minutes at room temperature, 
followed by ddH₂O washing. Nuclear staining was done 
with 50% hematoxylin for two minutes, rinsed under 
tap water, and briefly washed with 0.02% ammonia 
water. Finally, dehydration, clearing, mounting, and 
photography were performed as per the IHC protocol.

RNAscope® quantification
	 Using the methods advised by the manufacturer,  
the RNAscope® score was employed to assess the  
expression of mRNA Sall4 in tissue samples. Briefly, 
the number of brown spots inside the prostate cells 
were counted and scored after five random fields were 
photographed at a 20x magnification. The positive 
cells were scored using the following scoring system: 
0 represented no staining, one represented 1-3 dots/
cell, two represented 4-9 dots/cell, three represented 
10-15 dots/ cell, and <10% dots are in clusters, and four 
represented >15 dots/cell and >10% dots are in clusters.   

Table 1. The distribution of normal and malignant prostate cases according to clinical data (continued). 

Prostate clinical data Number % p value

N category

N0 154 81

N1 31 8.8

N/A 9 4.6

M category

M0 148 76.3

M1 33 17

N/A 13 6.7
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Statistical analysis
	 The data of this study was analyzed by GraphPad 
Prism version 8.00 for Windows (GraphPad Software, La 
Jolla, California, USA, www.graphpad.com). Data were 
first assessed for normality using the Shapiro–Wilk test. 
Variables that followed a normal distribution (p>0.05) 
were analyzed using unpaired t-tests to compare means 
between groups. For non-normally distributed data, 
non-parametric tests were considered. For statistical 
significance, a significance level of p<0.05 was used.

Results 
Clinical data of study population 
	 The current study used 194 PCa (82.9%) and 40 
NP tissue samples (17.1%). In PCa, the age range was  
between 20 and 80, while in NP, it was between 21 
and 50. In addition, the majority of PCa cases were  
classified as high Gleason scores (N=160, 82.9%), 
whereas only 30 PCa cases (15.5%) were classified as 
low Gleason scores. Of the 121 PCa patients (62.4%) 
with T1-2 malignancies, 65 cases (33.5%) had T3-4  
malignancies. The majority of PCa cases (N=154, 81%) 
had no lymph node invasion, whereas the remaining 
cases (N=31, 8.8%) had lymph node invasion. A total 
of 33 cases (17%) of PCa were identified as metastatic, 
while the majority of cases (N=148, 76.3%) were 
non-metastatic, as detailed in Table 1.

Sall4 expression in prostate samples using IHC
	 IHC was performed on normal and malignant  
prostate tissues to assess the immunostaining of  
anti-Sall4. The results indicated that normal and  
malignant prostate tissue showed nuclear Sall4  
immunostaining, with signal intensities varying from 
strong to moderate. Variable intensities of nuclear Sall4 
were observed in NP tissue. Staining intensity ranged 
from strong (Figure 1B, arrow) to negative (Figure 1A,  
arrow). PCa tissues also exhibited nuclear Sall4 staining, 
with signal strength varying significantly from strong 
(Figure 1C, arrow) to moderate (Figure 1D, arrow), weak 
(Figure 1E, arrow), and negative (Figure 1F, arrow). Sall4 
has been previously reported in spermatogonia cells of 
the testis.27 In this study, testis was used as a positive 
control for Sall4 expression, and IHC analysis revealed 
strong nuclear staining in the spermatogonia cells  
(Figure 1G, arrow). Negative control, no primary antibody 
added, showed free of Sall4 staining (Figure 1H, arrow).

Sall4 immunostaining validation using testis and 
postate tissues
	 To validate Sall4 immunostaining in both prostate 
and positive control, Testis tissues, IHC was conducted 
on sections to ensure that the two independent Sall4 

antibodies (rabbit polyclonal and mouse monoclonal) 
exhibited a consistent staining pattern. The rabbit 
polyclonal Sall4 antibody result showed that strong 
nuclear Sall4 was seen in both the Testis (Figure 2A, 
arrow) and Prostate (Figure 2C, arrow). Sall4 mouse 
monoclonal also showed a similar expression pattern 
in the Testis (Figure 2B, arrow) and Prostate (Figure 2D,  
arrow) tissues.

Sall4 expression in prostate samples using RNA-
scope®
	 RNAscope® analysis was performed on normal and 
malignant prostate tissues. The findings demonstrat-
ed that Sall4 mRNA stained both groups. The glandular 
epithelial cells of NP had Sall4 mRNA staining (Figure A, 
arrow). Malignant tissues were found to have varied 
degrees of Sall4 mRNA staining; these included  
widespread (Figure 3B, arrows), scattered (Figure 
3C, arrow), and negative (Figure 3D, arrow) staining.  
Furthermore, it was shown that the spermatogonia 
cells in the testis tissue expressed Sall4 mRNA (Figure 2E, 
arrow). The negative control's prostate sections had no 
staining (Figure 3F, arrow). 

Quantification of Sall4 staining in prostate tissue 
samples
	 The measurement of Sall4 expression in prostate 
samples was investigated using both methods.  
Quantitative analysis of IHC data demonstrated a 
significantly higher nuclear Sall4 immunostaining 
in PCa compared to NP tissues (p=0.001) (Table 2 
and Figure 4A). This elevation of Sall4 expression 
exhibited a positive correlation with a high Gleason 
score (p=0.003) (Table 2 and Figure 4B). Furthermore, 
it was demonstrated that Sall4 nuclear expression was 
markedly elevated in N1 patients compared to those 
with (N0) (p=0.002) (Table 2 and Figure 4C). Nuclear  
Sall4 staining and metastasis showed a strong  
correlation (p=0.001) (Table 2 and Figure 4D). In  
contrast, Sall4 expression did not show a significant  
association with tumor size (p=0.728) (Table 2).
	 The quantification of Sall4 mRNA revealed higher 
mRNA levels of Sall4 in PCa than in normal individuals 
(p<0.001) (Table 2 and Figure 5A). Increased Sall4 at  
the mRNA level was seen in the high Gleason score 
compared to the low Gleason score (p=0.009) (Table 2  
and Figure 5B). A significant association was seen  
between high mRNA levels of Sall4 and the presence 
of lymph node involvement (N1) (p=0.006) (Table 2 and 
Figure 5C) as well as metastatic PCa patients (p=0.017) 
(Table 2 and Figure 5D). However, this study did not 
show a significant association between Sall4 mRNA 
levels and tumor size (p=0.852) (Table 2). 
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Figure 1. The expression of Sall4 in normal and malignant tissues. A: no Sall4 expression was 
seen in NP (arrow), B: strong nuclear Sall4 staining was found in NP (arrow). C: PCa Gleascon 
score (Gs) 6 showed weak nuclear Sall4 staining (arrow). D: PCa Gs 8 tissue has weak  
nuclear Sall4 staining (arrow). E: PCa Gs 8  tissues showed moderate nuclear Sall4 staining (arrow). 
F: strong nuclear Sall4 staining was seen in PCa high Gs 8 (arrow), G: positive control, testis 
tissue, had strong nuclear Sall4 (arrow), H: no background staining is observed in prostate tissue, 
confirming the specificity of the assay. Scale bars = 100 µm; insets show 2x magnification.

Table 2.  Sall4 quantification results in Prostate cancer clinical data.

Comparison The main findings Nuclear Sall4 result Sall4 mRNA result

Mean±SD p value Mean±SD p value

NP vs PCa Increased in PCa 0.650±1.988
0.001

0.003±0.025
<0.00112.24±19.93 0.488±0.826

Gleason 
scores
(LGS vs HGS)

Increased in high 
Gleason score

8.743±16.31
0.003

0.960±0.838
0.009

22.88±26.17 1.543±1.275

Stage T
(T1-2 vs T3-4)

No difference 11.26±18.57
0.728

0.498±0.88
085212.39±20.57 0.489±0.746

Stage N
(NO vs N1)

Increased in N1 0.464±18.30
0.002

0.516±0.853
0.00621.73±20.36 1.061±1.254

Stage M
(M0 vs M1)

Increased in M1 9.345±17.71
0.001

0.484±0.813
0.01722.02±22.13 0.931±1.254
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Figure 3. Sall4 mRNA in prostate samples. A: mRNA staining (arrow) of Sall4 was detected in a few 
epithelial cells of NP, B: no Sall4 mRNA dots were observed in PCa Gs 6 (arrow), C: mRNA dots 
of Sall4 were scattered in PCa Gs 7 (arrow), D: Sall4 mRNA dots were found in PCa Gs 9 (arrow), 
E: Sall4 mRNA dots were observed in the spermatogonia cells of the testis (arrow), F: negative 
control had no Sall4 mRNA dots (arrow). Scale bars = 100 µm; insets show 2x magnification.

Figure 2. Validation of Sall4 staining using two antibodies. A and C: nuclear Sall4 staining (rabbit 
polyclonal) was observed in both tissues of the Testis and Prostate (arrows), B and D: intense nuclear 
Sall4 staining (mouse monoclonal) detected in tissues of the testis and prostate (arrows). 
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Figure 4. Sall4 expression quantification in prostate samples using IHC. A: PCa had more nuclear 
expression of Sall4 than NP (P 0.001), B: there was a noticeable increase in nuclear Sall4 expression 
from high Gleason scores to low scores (p=0.003), C: Sall4 expression was increased significantly 
in N1 compared to N0 (p=0.002), D: increased Sall4 expression was associated with metastasis 
(p=0.001). Each case's five randomly selected photographs make up the data. Unpaired t-tests were 
used in this study. NP (N=40), PCa (N=194), Low Gleason score (N=30), High Gleason score (N=160), 
T1-2 (N=121), T3-4 (N=65), N0 (N=154), N1(N=31), M0(N=148), M1(N=33).

Figure 5. Sall4 mRNA quantification in Prostate samples using RNAscope®. A: PCa had more 
Sall4 mRNA than NP (p<0.0001), B: higher Sall4 mRNA was significantly related to Gleason 
Score (p=0.009), C:  increased Sall4 mRNA level in N1 compared to N0 (p=0.006), D: a significant  
association was detected between Sall4 mRNA level and metastasis (p=0.002). Each case's 
five randomly selected photographs make up the data. Unpaired t-tests were used in this study. 
NP (N=40), PCa (N=194), Low Gleason score (N=30), High Gleason score (N=160), T1-2 (N=121), 
T3-4 (N=65), N0(N=154), N1(N=31), M0(N=148), M1(N=33).
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Discussion  
	 Sall4, a key regulator of pluripotency and  
differentiation, is linked to oncogenesis and tumor  
progression.12 While its role in various cancers is  
documented, its involvement in PCa remainsunder-
explored. This study used RNAscope® and IHC assays 
to investigate Sall4 levels in prostate samples. Sall4 is 
significantly up-regulated at protein and mRNAlevels in  
PCa compared to NP, correlating positively with  
Gleason score. Its expression is significantly associated 
with PCa pathological stage, including N and M, but 
not T, suggesting Sall4's role in tumor grade and stage.
	 Since there are few studies on Sall4 in PCa, this 
study may represent a pioneering effort to thoroughly 
investigate Sall4 expression in PCa. It evaluates both 
protein and mRNA levels and explores their associations 
with the Gleason score and pathological stage. SALL4 
is primarily known as an embryonic stem cell marker 
and is typically low or absent in most adult tissues; 
occasional low-level expression has been reported in 
regenerative or proliferative epithelial compartments.12 
However, the SALL4 staining observed in a few NP 
tissues, such as in Figure 1B, may be attributed to 
non-specific background staining or focal expression in 
certain basal or progenitor-like epithelial cells. Nonetheless, 
this finding was not consistent across all NP samples  
examined, and overall, SALL4 expression was significantly 
higher in Pca tissues compared to NP. A Chinese study 
found that increased Sall4 staining in cancer patients 
with a high Gleason score (≥) compared to those with a 
low Gleason score (<7), as well as in advanced vs early 
stages.20 This study agreed with the current data. In  
addition to this Chinese study, previous studies identified 
Sall4 levels in various cancer types, including PCa  
samples, but they did not particularly investigate the 
relationship between PCa clinical characteristics and 
Sall4 expression.  
	 For example, modest Sall4 expression was seen 
in NP tissues (57%) in research examining non-small 
cell lung carcinomas using a tissue microarray with 112  
benign tissue controls, including 7 NP samples.29 
This observation aligns with our research results.21

Conversely, another investigation revealed that none of 
the 62 PCa samples in a large cohort had nuclear Sall4 
staining.22 This discrepancy may be due to differences 
in sample size, the type of antibody, or the scoring system 
used. To the best of our knowledge, no previous study 
has utilized RNAscope® technology to evaluate Sall4 
mRNA levels in prostate tissue, whether malignant or 
non-malignant, or to explore the correlation between 
Sall4 expression and clinical data related to malignancy. 
In this study, RNAscope in situ hybridization was used 
rather than quantitative RT-PCR and RNA-sequencing 
to assess mRNA expression, due to the former's superior 
ability to preserve tissue architecture and provide  
spatial resolution at the single-cell level. RNAscope® 
allows for direct visualization of transcript localization 
within intact tissue, making it especially valuable in 

heterogeneous tissues such as prostate cancer. This 
technique also minimizes issues related to RNA deg-
radation commonly encountered in FFPE samples and 
allows for precise localization of transcripts, offering 
both morphological and molecular insights.23 
	 This research addresses this significant gap by  
utilizing advanced RNAscope® assays to elucidate 
the differential expression patterns of Sall4 and their  
potential correlation with PCa clinical parameters, 
thereby contributing novel insights into its role and 
relevance in the pathology of PCa.
	 To provide context for our findings, we compared 
Sall4 expression in PCa with other cancer types. This 
analysis enhances our understanding of Sall4's role 
across different malignancies, aligning with research on 
Sall4 in colon and lung carcinomas, further supporting 
its involvement in various cancers.21,24 The anti-Sall4 
and mRNA data from this investigation, however,  
differ from those of Hao et al., who found that colorectal 
carcinoma (CRC) had less Sall4 staining than either 
atypical hyperplasia or normal colon tissues.25  

Discrepancies in Sall4 expression observed across 
different studies may be attributed to variations in 
sample types, sample sizes, or the antibodies used. 
The IHC data for Sall4 expression in malignant versus 
normal tissues across several cancer types are  
complicated. Further research, including large cohorts 
of various cancer kinds and monitoring both Sall4 
expression, is required, and somewhat inconsistent, 
suggesting that tumor type may affect these results.
	 In addition, our data about the correlation between 
Sall4 level and cancer grade partially agreed with the 
previous study, which found a low level of Sall4 mRNA 
in moderately differentiated CRC tissues compared 
to well-differentiated and poorly differentiated tissues, 
as measured by RT-PCR.24 These observations suggest 
that Sall4 could be used as a candidate biomarker for 
PCa prognosis, offering insights into its role in disease 
progression and differentiation. This current study, 
however, disagreed with another CRC study.25 This 
discrepancy could be due to differences in cancer type 
and diagnostic methodologies, as RT-PCR was used 
in that study to quantify Sall4 mRNA. Furthermore, 
other research has reported no statistical association 
between Sall4 level and cancer grades in various  
malignancies.21,26,27 These inconsistencies suggest 
that Sall4 may have varied roles in different cancers, 
potentially influenced by the specific cancer type and 
molecular environment.
	 The current results show a positive association 
between Sall4 expression and pathological stages, 
such as lymph node status and metastasis, suggesting 
its link to PCa progression. This finding suggests 
that SALL4 may influence tumor aggressiveness and 
metastatic potential more than primary tumor volume. 
SALL4 may play a greater role in promoting processes 
such as invasion, migration, and angiogenesis, which 
are more reflective of metastatic behavior than of  
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localized tumor growth. This finding  is supported 
by other study which found that  SALL4 knockdown 
impaired cell proliferation and migration but had  
limited effect on overall cell mass or apoptosis.20 Thus, 
SALL4 may contribute to disease progression through 
mechanisms that are not directly dependent on tumor 
size, highlighting the importance of evaluating multiple 
tumor characteristics when assessing oncogenic drivers.
This aligns with a previous CRC study, which found 
a correlation between Sall4 mRNA and lymph node  
metastases, but not clinical stage T.24 Our findings were 
inconsistent with previous lung cancer21,27,esophageal 
cancer22 and hepatocellular carcinoma studies.28  

The absence of a correlation between SALL4 expression 
and tumor size suggests that Sall4 may be more relevant 
to tumor aggressiveness and metastatic potential rather 
than proliferative volume, aligning with findings in other 
cancers where it influences invasiveness independently 
of size.
	 Clinical approaches for diagnosing and prognosing 
PCa include IHC-based tumor biomarkers, clinical 
staging, Gleason scores, and PSA levels. IHC is widely 
used to identify key proteins in cells and tissues.23,29  

However, some variables, such as the selection of antibodies, 
antibody concentrations, and antigen retrieval techniques, 
might affect IHC findings and cause variations in staining 
results.30 The lack of a standardized IHC protocol  
further complicates its use, and non-specific staining  
can result in false-positive findings.30 Despite its 
limitations, IHC remains a clinically relevant and widely 
accessible method for protein localization. Despite its 
variability, IHC remains IHC remains a clinically relevant 
and widely accessible method for protein localization. 
We used RNAscope® to complement IHC and overcome 
its limitations. 
	 Sall4 may play a role in PCa development and 
progression, as shown by consistent results from two 
antibodies and a Sall4 probe using high-specificity  
approaches. Combining RNAscope® and IHC provides 
more accurate expression data than IHC alone.

Conclusion 
	 This study is the first to show a positive correlation 
between elevated Sall4 levels and Gleason grades and 
metastasis in PCa, suggesting Sall4's role in disease 
initiation and progression. Sall4 emerges as a potential 
biomarker for PCa, with diagnostic and prognostic value. 
Further research using additional prostate cancer cell lines, 
larger cohorts including more normal prostate tissue 
samples, and complementary molecular techniques such 
as RNA-sequencing and multivariate analyses will be 
essential to validate and extend our findings.

Ethical approval
	 The approval for conducting this retrospective 
study was obtained from the Ethics Board of Al Hussein 
Teaching Hospital in Thi-Qar, Iraq (approval number: 
2021159, date: 7/12/2022).  The study was conducted 

in accordance with applicable ethical guidelines, and 
patient confidentiality was strictly maintained throughout 
the research process.

Funding
	 This study did not receive any financial support 
from public, commercial, or non-profit funding bodies 
and was conducted exclusively using the authors’ own 
financial resources.

Conflict of interest 
	 The authors declare no conflicts of interest.

CRediT authorship contribution statement 
	 Both Authors designed the study, collected data, 
conducted experiments and statistical analysis, and 
drafted the report, reviewed and edited the final text.

Acknowledgements
	 The authors thank the College of Medicine,  
University of Thi-Qar, for imaging facilities and Al-Hussein 
Teaching Hospital staff for help with sample collection.

References 
[1]	 Lang SH, Frame FM, Collins AT. Prostate cancer 

stem cells. J Pathol. 2009; 217(2): 299-306. doi: 
10.1002/path.2478.

[2]	 Alghezi DA. Identifying potential new stem cell 
biomarkers for prostate cancer [Doctoral Thesis]: 
University of Bath; 2019. doi: 10.13140/
RG.2.2.15345.08802.

[3]	 Swami U, McFarland TR, Nussenzveig R, Agarwal 
N. Advanced prostate cancer: Treatment advances 
and future directions. Trends Cancer. 2020; 6(8): 
702-15. doi: 10.1016/j.trecan.2020.04.010.

[4]	 Al Alwan  N A . Cancer Control and Oncology Care 
in Iraq. J Contemp Med Sci. 2022; 8(1): 82-5. doi.
org/10.22317/jcms.v8i1.1154.

[5]	 Dunn MW, Kazer MW. Prostate cancer overview. 
Semin Oncol Nurs. 2011; 27(4): 241-50. doi: 
10.1016/j.soncn.2011.07.002.

[6]	 Andriole GL, Catalona WJ. The diagnosis and  
treatment of prostate cancer. Annu Rev Med. 1991; 
42: 9-15. doi: 10.1146/annurev.me.42.020191.000301.

[7]	 Alghezi DA, Whitley P, Beresford M, Bowen R, 
Mitchard J, Chalmers AD. Decreased ABCG2 
expression in prostate cancer and negatively 
associated with poorly differentiated grade and 
biochemical recurrence. Thi-Qar Med J. 2020; 
20(2): 242-56. doi.org/10.32792/jmed.v20i2.144. 

[8]	 Alghezi D, Aljawher R, Musawi S. Increased CD73 
expression is associated with poorly differentiated 
Gle ason score and tumor size in prostate cancer. 
J Adv Biotechnol Exp Ther. 6(1): 161. doi: 10.5455/
jabet.2023.d115.

[9]	 Matoso A, Epstein JI. Grading of prostate cancer: 
Past, present, and future. Curr Urol Rep. 2016; 
17(3): 25. doi: 10.1007/s11934-016-0576-4.



33Alghezi DA. and Harb A. Journal of Associated Medical Sciences 2026; 59(2): 24-33

[10]	 Sharpe B, Alghezi DA, Cattermole C, Beresford 
M, Bowen R, Mitchard J, et al. A subset of high  
Gleason grade prostate carcinomas contain 
a large burden of prostate cancer syndecan-1  
positive stromal cells. The Prostate. 2017; 77(13): 
1312-24. doi: 10.1002/pros.23391.

[11]	 Goldstein AS, Huang J, Guo C, Garraway IP, Witte 
ON. Identification of a cell of origin for human 
prostate cancer. Science. 2010; 329(5991): 
568-71. doi: 10.1126/science.1189992.

[12]	 Zhang X, Yuan X, Zhu W, Qian H, Xu W. SALL4: 
an emerging cancer biomarker and target. 
Cancer Lett. 2015; 357(1): 55-62. doi: 10.1016/j.
canlet.2014.11.037.

[13]	 Tatetsu H, Kong NR, Chong G, Amabile G, Tenen 
DG, Chai L. SALL4, the missing link between 
stem cells, development and cancer. Gene. 2016; 
584(2): 111-9. doi: 10.1016/j.gene.2016.02.019.

[14]	 Abouelnazar FA, Zhang X, Wang M, Zhang J, Yu 
D, Zang X, et al. The new advance of SALL4 in 
cancer: Function, regulation, and implication. 
J Clin Lab Anal. 2023; 37(9-10): e24927. doi: 
10.1002/jcla.24927.

[15]	 Jiang L, Li J, Song L. Bmi-1, stem cells and cancer. 
Acta Biochim Biophys Sin (Shanghai). 2009; 41(7): 
527-34. doi: 10.1093/abbs/gmp040.

[16]	 Wang F, Zhao W, Kong N, Cui W, Chai L. The next 
new target in leukemia: The embryonic stem cell 
gene SALL4. Mol Cell Oncol. 2014; 1(4): e969169. 
doi: 10.4161/23723548.2014.969169.

[17]	 Álvarez C, Quiroz A, Benítez-Riquelme D, Riffo E, 
Castro AF, Pincheira R. SALL Proteins: Common 
and antagonistic roles in cancer. Cancers (Basel). 
2021; 13(24). doi: 10.3390/cancers13246292.

[18]	 Yang J, Chai L, Gao C, Fowles TC, Alipio Z, Dang 
H, et al. SALL4 is a key regulator of survival and 
apoptosis in human leukemic cells. 
Blood. 2008; 112(3): 805-13. doi:  10.1182/
blood-2007-11-126326.

[19]	 Alalwany O, Alghezi DA, Aljawher RQ, Harb A. 
Increased CD3 immunostaining associated with 
high grade and tumor size in colorectal carcinoma. 
Egypt J Med Microbiol. 2025; 34(1): 205-12. doi: 
10.21608/ejmm.2024.331363.1364.

[20]	 Zhou J, Peng S, Fan H, Li J, Li Z, Wang G, et al. SALL4 
correlates with proliferation, metastasis, and poor 
prognosis in prostate cancer by affecting MAPK 
pathway. Cancer Med. 2023; 12(12): 13471-85. 
doi: 10.1002/cam4.5998.

[21]	 Rodriguez E, Chen L, Ao MH, Geddes S, Gabrielson 
E, Askin F, et al. Expression of transcript factors 
SALL4 and OCT4 in a subset of non-small cell lung 
carcinomas (NSCLC). Transl Respir Med. 2014; 
2(1): 10. doi: 10.1186/s40247-014-0010-7.

[22]	 Kilic E, Tennstedt P, Högner A, Lebok P, Sauter G, 
Bokemeyer C, et al. The zinc-finger transcription 
factor SALL4 is frequently expressed in human 
cancers: association with clinical outcome in 
squamous cell carcinoma but not in adenocarcinoma 
of the esophagus. Virchows Arch. 2016; 468(4): 
483-92. doi: 10.1007/s00428-016-1908-y. 

[23]	 Wang F, Flanagan J, Su N, Wang LC, Bui S, 
Nielson A, et al. RNAscope: a novel in situ RNA 
analysis platform for formalin-fixed, paraffin-em-
bedded tissues. J Mol Diagn. 2012; 14(1): 22-9. doi: 
10.1016/j.jmoldx.2011.08.002.

[24]	 Forghanifard MM, Moghbeli M, Raeisossadati R, 
Tavassoli A, Mallak AJ, Boroumand-Noughabi S, 
et al. Role of SALL4 in the progression and 
metastasis of colorectal cancer. J Biomed Sci. 
2013; 20(1): 6. doi:  10.1186/1423-0127-20-6. 

[25]	 Hao L, Zhao Y, Wang Z, Yin H, Zhang X, He T, et al. 
Expression and clinical significance of SALL4 and 
β-catenin in colorectal cancer. J Mol Histol. 2016; 
47(2): 117-28. doi: 10.1007/s10735-016-9656-5. 

[26]	 Han LY, Fletcher MS, Urbauer DL, Mueller P, Landen 
CN, Kamat AA, et Doi: al. HLA class I antigen 
processing machinery component expression 
and intratumoral T-Cell infiltrate as independent 
prognostic markers in ovarian carcinoma. Clin  
Cancer Res. 2008; 14(11): 3372-9. doi: 
10.1158/1078-0432.CCR-07-4433.

[27]	 Gautam AK, Wang C, Zeng J, Wang J, Lu J, Wei J, 
et al. Expression and clinical significance of SALL4 
and LGR5 in patients with lung cancer. Oncol Lett. 
2015; 10(6): 3629-34. doi: 10.3892/ol.2015.3772.

[28]	 Han SX, Wang JL, Guo XJ, He CC, Ying X, Ma JL, et al. 
Serum SALL4 is a novel prognosis biomarker with 
tumor recurrence and poor survival of patients in 
hepatocellular carcinoma. J Immunol Res. 2014; 
2014: 262385. doi: 10.1155/2014/262385.

[29]	 Oliver C.  Jamur MC. Immunocytochemical methods 
and protocols. Totowa N, editor: Humana Press; 
2010. doi: 10.1007/978-1-59745-324-0

[30]	 Whitaker HC, Girling J, Warren AY, Leung H, Mills IG, 
Neal DE. Alterations in beta-catenin expression and 
localization in prostate cancer. Prostate. 2008; 
68(11): 1196-205. doi: 10.1002/pros.20780.

	


