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Abstract 

Background Gastric cancer (GC) poses significant challenges globally, ranking fifth in incidence and fourth in cancer-
related mortality. SALL4, a stem cell transcription factor with multiple isoforms, includes SALL4-A as its full-length 
form. This study aims to evaluate the diagnostic potential of SALL4-A isoform expression in GC and its clinical 
significance.

Method Immunohistochemical (IHC) analysis was conducted on Tissue Micro Array (TMA) slides from 167 GC 
patients. Clinicopathological parameters were correlated with SALL4-A expression, and survival analysis was per-
formed. Diagnostic performance was assessed using metrics such as sensitivity, specificity, and area under the curve 
(AUC).

Results SALL4-A exhibited distinct cytoplasmic expression in GC, correlating with lower histological grade (p = 0.003) 
and TNM stage (p = 0.003), particularly in the intestinal subtype. Diagnostic evaluation showed an AUC of 0.803 
for cytoplasmic expression, demonstrating high diagnostic potential. However, SALL4-A expression did not show 
significant prognostic value.

Conclusion Cytoplasmic SALL4-A expression in GC is associated with less aggressive tumor phenotypes and shows 
promise as a diagnostic marker. Further research is warranted to elucidate its mechanistic role and potential integra-
tion into clinical practice.
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Introduction
Gastric cancer (GC) ranks as the fifth most prevalent 
cancer globally, representing 5.6% of all newly diagnosed 
cancer cases, exceeding one million instances in 2020. It 
stands as the fourth leading cause of cancer-related fatali-
ties, contributing to 7.7% of cancer-related deaths [1].

Gastric cancer encompasses various types, each char-
acterized by distinct features and behaviors. The most 
common type is adenocarcinoma, accounting for 95% of 
gastric cancer cases [2]. Another subtype is signet ring 
cell carcinoma, characterized by cells with a distinc-
tive signet ring appearance. Less common types include 
mucinous adenocarcinoma, which is marked by the 
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presence of mucin-producing cells, and gastrointestinal 
stromal tumors (GISTs), which originate from the inter-
stitial cells of Cajal [2, 3].

In the past few years, as our understanding of tumor 
biology and biomarkers has advanced, the approach to 
cancer treatment has shifted from a generic, one-size-
fits-all model with conventional cytotoxic chemotherapy 
agents to personalized therapies driven by biomarkers. 
Biomarkers play a crucial role in the management of GC 
by aiding in identifying optimal treatment strategies and 
predicting clinical outcomes [4]. In contrast to advance-
ments in biomarker approaches for other cancers, the 
progress in this area for GC has been comparatively 
slower. GC’s complexity, characterized by its hetero-
geneous nature with diverse histological and genomic 
subtypes, poses a challenge in demonstrating diagnos-
tic approaches in clinical trials [5]. Therefore, research 
endeavors to translate GC’s molecular intricacies have 
become paramount in improving diagnosis, treatment, 
and patient outcomes.

Recently, a specific transcription factor has emerged 
as a potential pivotal player in cancer pathogenesis. The 
Spalt-like (SALL) gene family, comprising four members 
in mammals (SALL1 to SALL4), has gained prominence 
due to its integral role in embryonic development, con-
tributing significantly to the formation of diverse tis-
sues and organs [6]. Among these, SALL4, characterized 
by a zinc-finger domain and a nuclear localization sig-
nal, has attracted considerable attention [7, 8]. SALL4 
is renowned for its crucial involvement in maintaining 
pluripotency in embryonic stem cells, functioning as 
a transcriptional regulator that governs gene expres-
sion during self-renewal and differentiation processes. 
Beyond embryonic development, ongoing research has 
unraveled the multifaceted functions of SALL4 in various 
cellular contexts. This transcription factor exerts regula-
tory control over diverse biological processes, including 
cell cycle progression, apoptosis, and DNA repair mecha-
nisms [9]. Notably, SALL4 exists in two distinct isoforms: 
SALL4-A, derived from the complete transcript, and 
SALL4-B, a spliced isoform lacking a portion of exon 2. 
The SALL4 protein features multiple zinc finger cluster 
(ZFC) domains distributed across different regions, con-
ferring dual functionality in transcriptional activation 
and repression [10].

Abnormal expression of SALL4 has been reported in 
various malignancies, such as testicular germ cell, breast, 
endometrial, lung, liver, and brain cancers, underscor-
ing its potential oncogenic role [11–19]. Earlier investi-
gations have revealed that SALL4 is linked to a poorer 
prognosis in GC [16, 20]. Nevertheless, the relationship 
between isotype-specific SALL4 protein expression and 

clinical outcomes in GC patients remains undefined, and 
the functional role of SALL4 in GC is yet to be elucidated.

In light of the ongoing ambiguity surrounding SALL4’s 
role in cancer, our study specifically aimed to elucidate 
the expression and significance of the SALL4-A isoform 
in gastric tumors. While previous research conducted 
at our center has explored SALL4-A in testicular can-
cer [19], no studies have specifically evaluated SALL4-A 
protein expression or its association with clinicopatho-
logical characteristics in gastric cancer or other cancers, 
highlighting a critical gap in the literature. As the full-
length isoform of the SALL4 family, SALL4-A necessi-
tates dedicated investigation; thus, we developed a novel 
monoclonal antibody specific to SALL4-A, filling the 
void left by the absence of a commercial antibody [21]. 
This advancement enabled us to assess isoform-specific 
expression through immunohistochemistry in tumor and 
normal specimens from 167 gastric cancer patients. Our 
primary objective was to clarify the impact of SALL4-A 
on gastric cancer behavior, with the findings from this 
study potentially paving the way for improved diagnostic 
and therapeutic strategies that specifically target SALL4-
A, offering a more tailored approach to gastric cancer 
management.

Method and materials
Patient’s characteristics and sample collection
In this examination involving a cross-sectional analysis, 
we amassed a total of 167 tissue specimens that were for-
malin-fixed and paraffin-embedded (FFPE) from patients 
diagnosed with GC. These samples were sourced from 
the Firoozgar University-affiliated referral hospital in 
Tehran, Iran, covering the period from 2010 to 2021.

To gain a comprehensive understanding of the clini-
cal and pathological characteristics, we acquired Hema-
toxylin and Eosin (H&E) stained slides alongside archival 
medical records. This allowed us to extract key param-
eters, including patient demographics (age and gender), 
and clinical details such as maximum tumor diameter, 
histological grade, TNM stage, presence of distant metas-
tasis, tumor recurrence, and lymphovascular invasions. 
Only patients who had undergone surgery without prior 
chemotherapy or radiotherapy were included in the 
study; however, all patients received chemotherapy post-
surgery according to standard guidelines, so it was not 
analyzed as a variable. Additionally, we included data 
from 25 adjacent non-malignant tissues to compare the 
expression of SALL4-A in cancerous samples.

In assessing patient outcomes, we meticulously moni-
tored disease-specific survival (DSS), measured from the 
time of surgery to the date of the patient’s demise related 
to their tumor. Furthermore, we documented progres-
sion-free survival (PFS), defined as the period from the 
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initial surgical intervention to the last follow-up appoint-
ment where there was no evidence of disease, metastasis, 
or recurrence. Our approach to tumor staging adhered to 
the TNM classification for GC [22]. It is essential to note 
that this study received ethical approval (Code: IR.IUMS.
REC.1401.984) from the Research Ethics Committee of 
the Iran University of Medical Sciences.

Tissue microarray (TMA) construction
The construction of GC tissue TMA blocks was carried 
out according to previously established procedures [23]. 
Three of the most representative tumor areas from dif-
ferent sections of each block were meticulously identified 
and marked, ensuring precise alignment with corre-
sponding H&E slides. Subsequently, a precision arraying 
instrument, specifically the Tissue Arrayer Minicore by 
ALPHELYS in Plaisir, France, was utilized to extract sam-
ples from the designated tumor regions in each block. 
These samples were then transferred into a new recipient 
paraffin block. The finalized TMA blocks were sectioned 
at a thickness of 4-μm and placed on adhesive slides.

TMA blocks were created in triplicate from each GC 
specimen to address the substantial concern of tumor 
heterogeneity and enhance the accuracy and validity of 
data analysis. Previous validation studies for TMA indi-
cated that, even in the presence of variations in antigen 
expression among individual cores, the analysis of each 
core effectively captured over 90% of the staining pattern 
exhibited by the entire tissue section. Moreover, when 
two readable cores were analyzed, the accuracy exceeded 
95% [24–26]. The final score was determined by calcu-
lating the mean scores from the three cores. Notably, to 
compare the expression patterns of SALL4-A with GC 
tissue specimens, adjacent non-malignant tissue samples 
were also incorporated into each TMA block [27].

Immunohistochemistry (IHC) staining
The expression of SALL4-A protein was evaluated via 
Immunohistochemistry (IHC) on TMA sections using 
the EnVision-HRP kit (Dako, Glostrup, Denmark) [19, 
27, 28]. Briefly, TMA slides were dewaxed by heating at 
60°C for 20 min, then cleared of paraffin using xylene, 
and rehydrated through immersions in graded ethanol. 
To block endogenous peroxidase activity, slides were 
incubated in 3% H2O2 in methanol for 15 min in a dark 
area at room temperature (RT). Antigen retrieval was 
performed by autoclaving the slides in Tris–EDTA buffer 
(pH 9) at 95°C for 10 min.

Following antigen retrieval, sections were incubated 
in 5% normal goat serum diluted in a protein block 
(Dako, CA, USA) at room temperature. The primary 
anti-SALL4-A monoclonal antibody (2 μg/ml) [21], was 
then applied to the tissue sections and incubated for 1 h 

at room temperature. An affinity-purified non-immune 
mouse IgG (ARI, Tehran, Iran) was used as the negative 
reagent control. Slides were then treated with the sec-
ondary antibody, anti-rabbit/anti-mouse EnVision (Dako, 
Glostrup, Denmark), for 40 min at RT. To visualize posi-
tive signals, 3,3′-diaminobenzidine (DAB, Dako, Den-
mark) was applied to the slides for 5 min. The sections 
were subsequently counterstained with hematoxylin 
(Dako, Denmark) for 3 min. Finally, the slides were dehy-
drated through ethanol dilutions, cleared with xylene, 
and mounted in Entellan mounting medium (Merck, 
Darmstadt, Germany). Human testicular cancer whole 
tissue sections were used as positive control tissue for 
evaluating SALL4-A protein expression.

Virtually digitizing TMA slides
To ensure a standardized evaluation of the TMA samples, 
the stained slides were scanned using the Basler ace slide 
scanner (Basler AG, Germany), allowing for high-resolu-
tion digital imaging. Following scanning, the TMA cores 
were segmented into randomly assigned, concealed-label 
images to facilitate an unbiased scoring process and pre-
vent observer bias. Image quality and resolution across 
all TMA core samples were then standardized using the 
Microvisioneer manualWSI 2022A-1b software (Micro-
visioneer GmbH, Germany), which provided consistent 
adjustment of image parameters such as brightness, con-
trast, and sharpness, ensuring uniform quality for subse-
quent analysis.

Evaluation of immunostaining and scoring score
The assessment of SALL4-A expression on Tissue Micro-
array (TMA) slides underwent a thorough examina-
tion led by an expert pathologist (M.A.) along with two 
trained M.Ds (S.R and A.B) who collaborated to achieve 
consensus in cases of disagreements. This evalua-
tion employed a semiquantitative scoring system, and 
the pathologists performed their assessments without 
access to the clinicopathological and survival data of the 
patients. The Aperio ImageScope 12.4.6 software served 
as the tool for viewing TMA core images.

The examination of SALL4-A expression involved scru-
tinizing three distinct scoring criteria: staining intensity, 
the proportion of positive tumor cells, and the H-score. 
Staining intensity received a score on a 4-point scale, dif-
ferentiating between negative or non-staining (scored 
as 0), weak (scored as 1), moderate (scored as 2), and 
strong (scored as 3). The Histochemical score (H-score) 
was calculated by multiplying the staining intensity and 
the percentage of positive cells, resulting in a score rang-
ing from 0 to 300 for each case [29]. Subsequently, the 
H-scores were categorized into two groups based on the 
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mean value: low expression (≤ mean) and high expression 
(> mean).

Statistical analysis
All statistical analyses were conducted using version 25.0 
of the SPSS statistical software from SPSS, Inc., an IBM 
Corp company based in the USA. Categorical data were 
represented as N (%), while quantitative data were pre-
sented as either mean (SD) or median (Q1, Q3). Signifi-
cance testing for associations and correlations between 
SALL4-A protein expression and clinicopathological 
characteristics utilized Pearson’s chi-square and Spear-
man’s correlation tests. Pairwise comparisons between 
study groups were conducted using Kruskal–Wallis and 
Mann–Whitney U tests.

Survival analysis involved generating survival curves 
through the Kaplan–Meier method, with a 95% confi-
dence interval (CI). The log-rank test was employed to 
compare survival outcomes between groups with low 
and high marker expression. The univariate Cox propor-
tional hazards regression model was utilized to assess 
variables impacting Disease-Specific Survival (DSS) or 
Progression-Free Survival (PFS). Variables demonstrating 
a significant impact on survival in the univariate analysis 
were included in multivariable Cox proportional hazards 
regression analyses.

To evaluate the diagnostic value of the SALL4-A pro-
tein, receiver operating characteristic (ROC) curves were 
analyzed, and the area under the ROC curve (AUC), sen-
sitivity, and specificity were calculated. Throughout the 
entire analysis, statistical significance was established at 
P < 0. 05.

Results
Characteristics of patients’ tissue samples
This cross-sectional study involved the enrollment of 
a total of 167 tissue specimens. Within this cohort, 63 
samples (37.7%) were identified as signet ring cell car-
cinoma, and 104 samples (62.3%) were classified as the 
intestinal type. The mean age of the entire sample set 
was 61.1 years, with ages ranging from 24 to 84 years. 
In terms of gender distribution, 124 (74.25%) were male 
and 43 (25.75%) were female. The histological grade was 
categorized as well-differentiated, moderately differenti-
ated, and poorly differentiated [30]. All clinicopathologi-
cal features of our total samples and subtypes of GC are 
described in Table 1.

Expression of SALL4‑A in GC compared 
with adjacent non‑malignant samples
IHC was utilized to evaluate SALL4-A protein expression 
in TMA sections of gastric tumors, employing three dis-
tinct scoring methods: staining intensity, the proportion 

of positive tumor cells, and the H-score. SALL4-A dem-
onstrated varying expression levels in both the nucleus 
and cytoplasm within the two major subtypes of GC 
(Fig. 1).

The mean expression levels of SALL4-A, as determined 
by H-score, were markedly higher in tumoral cores com-
pared to adjacent non-malignant tissues. In tumoral sam-
ples, nuclear expression levels averaged 102.11 ± 84.99, 
while cytoplasmic expression levels reached 
158.51 ± 65.83. In contrast, the adjacent non-malignant 
tissues showed significantly lower mean expression lev-
els, with nuclear scores of 50.8 ± 49.05 and cytoplasmic 
scores of 90.5 ± 55.2 (Table  2). Statistical analysis using 
the Mann–Whitney U test further confirmed significant 
differences in SALL4-A expression between malignant 
and adjacent non-malignant samples, both in the nucleus 
(P = 0.01) and cytoplasm (P = 0.00). These results under-
score a notable increase in SALL4-A expression within 
cancerous tissues, suggesting a potential role of this pro-
tein in tumorigenesis or tumor behavior.

Also, Mann–Whitney U tests indicated a significant 
difference in cytoplasmic expression (but not nuclear) of 
SALL4-A between Signet Ring Cell Carcinoma and Intes-
tinal subtypes (P = 0.001) (Fig. 2).

Associations between SALL4‑A expression 
and clinicopathological features of GC
The association between SALL4-A expression and clin-
icopathological parameters in gastric tumors, encom-
passing both Signet Ring Cell Carcinoma and Intestinal 
types, was investigated using Pearson’s χ2 test. Our anal-
ysis uncovered a notable correlation between cytoplas-
mic SALL4-A protein expression (based on H-score) 
and specific clinicopathological characteristics, including 
age (P = 0.03), tumor type (P = 0.00), histological grade 
(P = 0.00), and TNM stage (P = 0.01).

Additionally, Spearman’s correlation analysis was 
employed to explore the association between SALL4-A 
expression and clinicopathological features. The results 
revealed a significant inverse correlation between cyto-
plasmic expression of SALL4-A and parameters such as 
histological grade (P = 0.003) and TNM stage (P = 0.003), 
indicating that higher levels of expression of SALL4 
were found more in well-differentiated and lower stage 
tumors. (Table  3), Meanwhile, Mann–Whitney U tests 
demonstrated that higher cytoplasmic expression of 
SALL4-A was correlated with the intestinal type of GC 
(P = 0.001).

Clinical outcomes in subtypes of gastric cancer
In our investigation, which encompassed 167 patients 
after exclusions, we noted that 27 individuals (17.53%) 
encountered tumor recurrence, while 59 patients 
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(38.31%) experienced instances of metastasis. Addi-
tionally, cancer-related fatalities were documented in 
71 individuals (46.1%). 68 patients (44.15%) were alive 
without distant metastasis and tumor recurrence. 
13 patients discontinued their collaboration during 
follow-up.

The average duration of Disease-Specific Survival 
(DSS) and Progression-Free Survival (PFS) follow-
up were 42.56  months (SD = 28.3) and 39.8  months 
(SD = 27.68), respectively. A comprehensive summary 
of the survival outcomes is presented in Table 4.

Survival analysis based on the expression of SALL4‑A in GC 
subtypes
The Kaplan–Meier survival analysis did not reveal any 
statistically significant differences in terms of Survival 
when comparing patients whose tumors express high and 
low levels of SALL4-A(H-score) (Fig. 3).

Univariate and multivariate Cox regression analyses 
were conducted to evaluate the clinical significance of 
potential prognostic factors for Overall Survival (OS), 
Disease-Specific Survival (DSS), and Progression-Free 
Survival (PFS). In the univariate analyses, TNM stage, 

Table 1 Patients and tumor clinicopathological characteristics of gastric cancer and its histological subtypes

Patients and tumor characteristics Total samples N (%) Signet Ring Cell Carcinoma 
N (%)

Intestinal type N (%)

Number of samples 167 63 (27.0) 104 (44.6)

Mean age, years (Range) 61.13 (24–84) 54.95 (24–79) 64.88 (27–84)

 ≤ Mean age 76(49.62) 28 (44.4) 48 (46.2)

 > Mean age 91 (70.07) 35 (55.6) 56 (53.8)

Gender
 Male 124 (74.25) 41 (65.1) 83 (79.8)

 Female 43 (25.75) 22 (34.9) 21 (20.2)

Mean tumor size (cm) (Range) 4.9 (1–15) 5.26(1–15) 4.69(1–13)

 ≤ Mean 80 (50.6) 33 (58.9) 52(53.1)

 > Mean 78 (49.4) 23 (41.1) 46 (46.9)

Histological grade
 Well-differentiated 38 (24.05) 2 (3.2) 36 (37.5)

 Moderate differentiated 37 (23.41) - 37 (38.5)

 Poor differentiated 83 (52.53) 60 (96.8) 23 (24)

TNM stage
 I 36 (22.78) 13 (21.7) 23 (23.5)

 II 50 (31.64) 16 (26.7) 34 (34.7)

 II I 64 (40.5) 26 (43.3) 38 (38.8)

 IV 8 (5.06) 5 (8.3) 3 (3.1)

Tumor site
 Cardia 15 (9.03) 4 (6.5) 11 (10.6)

 Fundus 2 (1.2) - 2 (1.9)

 Body 18 (10.84) 7 (11.3) 11 (10.6)

 Antrum 35 (21.08) 12 (19.4) 23 (22.1)

 Pylors 9 (5.42) 4 (6.5) 5 (4.8)

 Non-Specified 87 (52.40) 35 (56.5) 52 (50)

Lymphovascular invasion
 Present 69 (44.23) 26 (45.6) 43 (43.4)

 Absent 87 (55.76) 31 (54.4) 56 (56.6)

Tumor recurrence
 Yes 27 (17.64) 9(15.8) 18 (18.8)

 No 126 (82.35) 48(84.2) 78 (81.3)

Distant metastasis
 Yes 59 (38.56) 24 (42.1) 35 (36.5)

 No 94 (61.43) 33 (57.9) 61 (63.5)
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tumor recurrence, and distant metastasis emerged as 
potential prognostic factors for OS. Additionally, TNM 
stage and distant metastasis were identified as potential 
prognostic factors for DSS. Furthermore, histological 
grade, distant metastasis, and cytoplasmic expression of 
SALL4-A were recognized as potential prognostic factors 
for PFS.

The statistically significant findings from the univari-
ate analyses were subsequently incorporated into the 
multivariate Cox regression analysis. The results of the 
multivariate analysis revealed that histological grade 
(well vs. moderate) [HR: 2.476, 95% CI: (1.062–5.774)] 
significantly impacted PFS, while TNM (I vs. III) [HR: 
1.399, 95% CI: (1.024–1.911) for OS and HR: 1.505, 95% 
CI: (1.080–2.096) for DSS] and distant metastasis [HR: 
0.168, 95% CI: (0.104–0.273) for OS and HR: 0.130, 95% 
CI: (0.076–0.222) for DSS] were independent risk factors 
significantly influencing survivals, respectively (Table 5).

Diagnostic value of the SALL4‑A in GC 
versus adjacent non‑malignant tissues
ROC curves and the calculation of the Area Under 
the Curve (AUC) were utilized to assess the diagnos-
tic potential of the SALL4-A protein’s expression levels, 
both in the nuclear and cytoplasmic compartments, in 
distinguishing GC from adjacent non-malignant tissues 
(Fig. 4). The ROC curve results unveiled an AUC of 0.803 

(95% CI: 0.703 – 0.904) and P-value of 0.000 for cyto-
plasmic expression of SALL4-A, AUC of 0.714 (95% CI: 
0.622 – 0.807) and P-value of 0.001 for nuclear expres-
sion of SALL4-A, which showed reliable diagnostic value 
of expression of SALL4-A for GC (Table 6).

Discussion
Gastric cancer poses a formidable challenge within the 
field of oncology, marked by its elevated lethality, late-
stage detection, and limited therapeutic avenues. Con-
sequently, there is an imperative demand for enhanced 
diagnostic and prognostic tools and treatment strate-
gies. Recent efforts have been devoted to identifying 
potential biomarkers with applications in early diagno-
sis, prognosis prediction, and assessment of therapeutic 
responses. Stemness-related biomarkers, in particular, 
have garnered considerable attention from scientists and 
clinicians due to their association with the stemness-like 
attributes of cancer cells and their correlation with the 
invasive and progressive nature of neoplastic cells [31, 
32].

Amid the diverse categories of biomarkers, SALL4 
has emerged as a focal point, given its involvement in 
regulating embryonic stem cells and its pivotal role 
in cell renewal and proliferation. The intricate regula-
tion of SALL4 expression encompasses various molec-
ular mechanisms operating at the transcriptional, 

Fig. 1 TMA core stained by the monoclonal anti-SALL4-A antibody (40 × magnification). Immunohistochemical (IHC) staining demonstrates varied 
SALL4-A expression in the cytoplasmic and nuclear compartments of gastric cancer cells. A Predominantly low cytoplasmic expression of SALL4-A. 
B Predominantly high cytoplasmic expression of SALL4-A. C Low nuclear expression of SALL4-A. D High nuclear and cytoplasmic expression 
of SALL4-A. E Non-malignant normal gastric tissue with low SALL4-A expression. F Isotype control tissue, showing no specific staining
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post-transcriptional, and epigenomic levels [33]. Con-
sidering the inherent instability of cancer cells, aberrant 
SALL4 expression has been reported in both solid tissues 
and hematologic malignancies [9, 14–16, 34].

This study highlights the diagnostic potential of the 
SALL4-A isoform in gastric cancer (GC), emphasiz-
ing its association with less aggressive tumor behavior. 
SALL4-A was predominantly expressed in the cytoplasm 
of gastric cancer cells, correlating with favorable clinico-
pathological features, including lower histological grades 
and early-stage disease. This unique expression pattern 
distinguishes it from other SALL4 isoforms, which are 
typically nuclear and associated with tumor aggressive-
ness in various cancers.

In addition to its own diagnostic potential, SALL4-A 
complements established gastric cancer (GC) biomarkers 
such as HER2 and PD-L1 by addressing diagnostic and 
prognostic gaps. HER2 and PD-L1 are primarily associ-
ated with poor-prognosis tumors and serve as therapeu-
tic targets in advanced GC cases. HER2 is widely used to 
identify patients eligible for trastuzumab therapy, while 
PD-L1 predicts response to immune checkpoint inhibi-
tors [33, 35]. In contrast, higher cytoplasmic expression 
of SALL4-A in this study was correlated with favorable 
clinicopathological features, including lower histologi-
cal grade, early-stage disease, and the intestinal subtype 
of GC. These findings position SALL4-A as a promising 
diagnostic marker, particularly in detecting early-stage 

Table 2 Association of nuclear and cytoplasmic SALL4-A protein expressions (Intensity of staining, percentage of positive tumor cells, 
and H-score) between subtypes of gastric cancer and benign tumors

H-score Histological Score

Expression of SALL4‑a Nuclear expression
Total samples N(%) Signet Ring Cell Carcinoma 

N (%)
Intestinal type N (%) Adjacent 

Normal Tissue 
N (%)

Intensity of Staining
 Negative (0) 26 (15.56) 12 (19.0) 14 (13.5) 9 (36)

 Weak (+ 1) 30 (17.96) 14 (22.2) 16 (15.4) 13 (52)

 Moderate (+ 2) 59 (35.32) 22 (34.9) 37 (35.6) 3 (12)

 Strong (+ 3) 52 (31.13) 15 (23.8) 37 (35.6) 0

Percentage of positive tumor cells
 < 25% 50 (29.94) 20 (31.7) 30 (28.8) 10 (40)

 25–50% 46 (27.54) 15 (23.8) 31 (29.8) 5 (20)

 51–75% 40 (23.95) 17 (27) 23 (22.1) 5 (20)

 > 75% 31 (18.56) 11 (17.5) 20 (19.2) 5 (20)

H‑score Mean 100 98.9 104 44.7

 Low 91 (54.49) 33 (52.3) 58 (55.7) 13 (52)

 High 76 (45.51) 30 (47.7) 46 (44.3) 12 (48)

Expression of SALL4‑a Cytoplasmic expression
Total samples N(%) Signet Ring Cell Carcinoma 

N (%)
Intestinal type N (%) Adjacent 

Normal Tissue 
N (%)

Intensity of staining
 Negative (0) 2 (1.19) 2 (3.2) 0 4 (16)

 Weak (+ 1) 39 (23.35) 25 (39.7) 14 (13.5) 13 (52)

 Moderate (+ 2) 65(38.92) 20 (31.7) 45 (13.5) 8 (32)

 Strong (+ 3) 61 (36.52) 16 (25.4) 45 (43.3) 0

Percentage of positive tumor cells
 < 25% 3 (1.79) 3 (4.8) 0 3 (12)

 25–50% 12(7.18) 7 (11.1) 5 (4.8) 1 (4)

 51–75% 70 (41.91) 24 (38.1) 46 (44.2) 13 (52)

 > 75% 82 (49.10) 29 (46) 53 (51) 8 (32)

H‑score Mean 158.6 133.3 173.7 88.5

 Low 98 (58.7) 37 (58.7) 61 (58.7) 14 (56)

 High 69 (41.3) 26 (41.3) 43 (41.3) 11 (44)
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or less aggressive tumors, where HER2 and PD-L1 might 
have limited applicability.

Moreover, the distinct biological roles of these bio-
markers underscore their complementary nature. While 
HER2 and PD-L1 target aggressive disease with thera-
peutic interventions, SALL4-A’s diagnostic utility lies in 
identifying less advanced tumors, potentially facilitating 
earlier detection and intervention. This complementary 
relationship could enhance GC management by inte-
grating SALL4-A into diagnostic algorithms alongside 
HER2 and PD-L1, improving accuracy in GC staging 
and subtype differentiation. Prospective studies are war-
ranted to explore the integration of SALL4-A with mul-
tiplex biomarker panels, enabling precise stratification of 
patients for tailored therapeutic strategies. Additionally, 
examining the role of SALL4-A in predicting treatment 
responses, particularly in combination with HER2-tar-
geted therapies or immunotherapy, could further define 
its clinical utility.

Therapeutic exploration of SALL4-A’s downstream 
signaling pathways could provide new avenues for tar-
geted interventions. SALL4-A’s role in modulating 
VEGF-mediated angiogenesis and Wnt/β-catenin path-
ways highlights its potential as a target for anti-angio-
genic therapies and pathway-specific inhibitors [36, 37]. 
Future studies should explore its integration into diag-
nostic algorithms alongside HER2 and PD-L1 to refine 
GC staging and treatment selection.

While SALL4-A showed significant diagnostic poten-
tial, particularly in distinguishing between different 

gastric cancer subtypes, it did not demonstrate a clear 
prognostic role in this study. This finding suggests that 
SALL4-A may be more useful as a diagnostic marker, 
particularly for identifying less aggressive tumor phe-
notypes, rather than as a prognostic tool for predicting 
patient outcomes. The distinct cytoplasmic localization 
in less aggressive gastric tumors observed in this study 
suggests an alternative biological role, potentially linked 
to reduced invasiveness. Diener et al. [38] demonstrated 
that SALL4’s interaction with histone deacetylases could 
inhibit invasive phenotypes in melanoma, supporting 
the hypothesis that SALL4’s localization might influ-
ence its functional outcomes. Its lack of association with 
survival outcomes could be attributed to factors such as 
the retrospective nature of the study and the influence of 
other well-established prognostic factors, such as TNM 
stage and distant metastasis. These well-established fac-
tors often overshadow the prognostic impact of emerg-
ing biomarkers. Additionally, the retrospective nature of 
this study, the limited follow-up duration, and the rela-
tively small sample size may have constrained the ability 
to capture the full prognostic implications of SALL4-A. 
With an increased number of cases and longer follow-
up periods, it is possible that the prognostic significance 
of SALL4-A expression might become more apparent. 
Future studies should focus on elucidating the molecu-
lar pathways regulating SALL4-A’s cytoplasmic retention 
and its downstream effects in GC. Understanding these 
mechanisms could clarify its diagnostic specificity while 
revealing therapeutic opportunities.

Fig. 2 Nuclear and Cytoplasmic expression of SALL4-A among different sample types of GC. A There is a significant difference in the Nuclear 
expression of SALL4-A between malignant and non-malignant adjacent tissue (P = 0.01). B There is a significant difference in Cytoplasmic expression 
of SALL4-A between normal and malignant tissue (P = 0.00) and the GC subtypes (P = 0.01)
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To date, two isoforms of SALL4 (SALL4-A and SALL4-
B) have been identified. Research has demonstrated that 
both isoforms can form complexes and engage with intra-
cellular pathways such as TGF‐β/SMAD, Wnt/β‐catenin, 
HIF‐1α/VEGF signaling, PI3K/Akt, and Notch [39, 40]. 
However, certain studies have underscored distinct out-
comes associated with the aberrant expression of SALL4 
between these two isoforms. For instance, the overex-
pression of SALL4-B has been linked to myelodysplastic 
syndrome and acute myeloid leukemia in a transgenic 
mouse model [13]. Consequently, assessing the effects of 

each isoform is crucial for unraveling the roles of SALL4 
in gastric tumor behavior.

Significantly, our laboratory has developed and char-
acterized specific isoform A of anti-SALL4 monoclonal 
antibody (mAb) for the first time [21].To elucidate the 
role of the SALL4-A isoform in gastric tumor behav-
ior, this study involved collecting formalin-fixed paraf-
fin-embedded tissue samples from 167 gastric cancer 
patients, encompassing various subtypes, including 
signet ring cell and intestinal types. The study presents 
comprehensive clinical and pathological data from these 

Table 3 The association between expression of SALL4-A and clinicopathological features of gastric tumors

P value, Pearson’s chi-square

Values in bold are statistically significant

H-score: histological score

Tumor characteristics Total samples N (%) Nuclear expression P value Cytoplasmic expression P value

H score (Mean = 100) N % H score (Mean = 158.6) N %

Low (≤ 100) High (> 100) Low (≤ 158.6) High (> 158.6)

Number of samples 167 135 98 135 98

Mean age, years (Range) 61.13(24–84) 0.46 0.03
 ≤ Mean age 76 (45.5) 49 33 55 27

 > Mean age 91 (54.5) 46 39 43 42

Gender 0.20 0.52

 Male 124 (74.25) 67 57 71 53

 Female 43 (25.74) 28 15 27 16

Mean tumor size (cm) (Range)
 ≤ Mean

4.9 (1–15)
80 (50.6)

50 30 47 33

 > Mean 78 (49.4) 39 35 0.22 43 31 0.93

Tumor type 0.48 0.00
 Signet Ring Cell Carcinoma 63 (27) 41 22 46 17

 Intestinal Type 104 (44.6) 57 47 52 52

Histological grade 0.37 0.00
 Well-differentiated 38 (24.05) 25 13 16 22

 Moderate differentiated 37 (23.41) 19 18 21 16

 Poor differentiated 83 (52.53) 46 37 57 26

TNM stage 0.12 0.01
 I 36 (22.78) 23 13 17 19

 II 50 (31.64) 31 19 26 24

 III 64 (40.5) 34 30 41 23

 IV 8 (5.06) 3 5 7 1

Lymphovascular Invasion 0.36 0.02
 Present 69 (44.23) 37 32 47 22

 Absent 87 (55.76) 53 34 44 43

Recurrence 0.24 0.16

 Yes 27 (17.64) 13 14 13 14

 No 126 (82.35) 76 50 79 47

Metastasis 0.43 0.87

 Yes 59 (38.56) 32 27 35 24

 No 94 (61.43) 57 37 57 37
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samples and outlines the methodologies employed in 
constructing TMAs and generating a specific mAb 
against SALL4-A.

The assessment of SALL4-A expression at different 
levels in both gastric tumors and non-malignant tis-
sue showed a significantly higher level of cytoplasmic 

and nuclear SALL4-A expression within gastric tumors 
compared to the adjacent non-malignant tissue. 
Accordingly, prior studies also showed SALL4 expres-
sion in GC [37, 41–43]. SALL4-A was predominantly 
expressed in the cytoplasm of gastric cancer cells, 
which correlates with favorable clinicopathological 

Table 4 The main characteristics of patients’ survival analysis based on subtypes of gastric cancer

Features Total samples Histological subtypes of GC

Signet Ring Cell Carcinoma Intestinal type

Number of patients (N) 154 58 96

Range of follow-up (month) 0–114 0–114 0–108

Mean duration of follow-up time (month) for OS, DSS (SD)

 OS 42.56 (28.3) 41.24 (29.148) 43.36 (27.907)

 DSS 42.56 (28.3) 41.24 (29.148) 43.36 (27.907)

Median duration of follow-up time (month) for OS, DSS (Q1, Q3)

 OS 42.50 (17.75–61) 40.00 (18.50, 59.50) 46.00 (18.25, 60.75)

 DSS 42.50 (17.75–61) 40.00 (18.50, 59.50) 46.00 (18.25, 60.75)

 Mean duration of follow-up time (month) for PFS (SD) 39.8 (27.68) 37.52 (25.815) 41.15 (28.771)

 Median duration of follow-up time (month) for PFS (Q1, Q3) 38 (15–59) 37.00 (12.75, 58.00) 41.00 (15, 60)

 Cancer-related death (N %) 71 (46.1) 28 (44.4) 43 (41.3)

 Death due to other reasons (N %) 8 (5.19) 1 (1.6) 7 (6.7)

 Distant metastasis during follow-up (N %) 59 (38.31) 24 (38.1) 35 (33.7)

 Tumor recurrence during follow-up (N %) 27 (17.53) 9 (14.3) 18 (17.3)

 Alive patients without distant metastasis and tumor recurrence (N %) 68 (44.15) 28 (44.4) 40 (38.5)

Fig. 3 Kaplan–Meier survival analysis of cytoplasmic and nuclear expression of SALL4-A based on H-scores of IHC
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features, including lower histological grades and early-
stage disease.

Although there is broad acknowledgment that the 
SALL4 transcription factor predominantly localizes 
within the cell nucleus [44], our examination revealed a 
distinctive pattern of SALL4-A translocation in gastric 
tumors. We noted an increased cytoplasmic expression 
of SALL4-A, surpassing the nuclear expression in these 
specific tumors. Cytoplasmic expression of SALL4 was 
also reported among other types of cancer. Lakpour 
et  al. study showed significant expression of SALL4-
A in testicular germ cell tumors [19]. Yu et  al. also 
reported cytoplasmic expression of SALL4 in breast-
invasive ductal carcinoma tissues. They observed low or 
undetectable expression of SALL4 in adjacent noncan-
cerous tissues [45]. Gautam et  al. also observed cyto-
plasmic expression of SALL4 in lung cancer tissues. 
SALL4 was expressed in the cytoplasm and cell mem-
brane of lung cancer cells but not in normal or inflam-
matory lung tissues or normal squamous epithelium 
[46]. These findings suggest that aberrant expression 
of SALL4 in cancer tissues may lead to extranuclear 
expression of this marker. While the mechanisms 
underlying the cytoplasmic localization of SALL4-A in 
gastric cancer remain unclear, we hypothesize that the 
cytoplasmic localization of the SALL4-A isoform in GC 

is linked to its role in tumor progression and its inter-
action with various regulatory mechanisms. SALL4 has 
been identified as playing a crucial role in maintaining 
stemness, regulating angiogenesis, and modulating can-
cer-related pathways such as Wnt/β-catenin and VEGF 
signaling. Its subcellular localization can be influenced 
by its post-translational modifications and interaction 
with other proteins [36, 47].

Cytoplasmic SALL4-A may interact with cytoplasmic 
signaling molecules to promote oncogenic pathways, 
particularly by enhancing angiogenesis through VEGF 
regulation and by activating downstream targets associ-
ated with tumor proliferation and metastasis. These find-
ings suggest that its cytoplasmic localization might allow 
SALL4-A to interact more effectively with cytoplasmic 
effector molecules rather than nuclear transcriptional 
targets.

We performed a comprehensive analysis to explore 
the relationship between the presence of SALL4-A in 
the nucleus and cytoplasm and various clinicopatho-
logic characteristics in GC patients. To enhance clar-
ity, we explicitly adjusted for confounders such as age, 
tumor size, histological grade, and TNM stage in sub-
group analyses. These variables were chosen based on 
their established impact on GC outcomes [22, 30]. For 
example, higher cytoplasmic expression of SALL4-A 

Fig. 4 ROC curves and AUC of the SALL4-A protein’s expression levels for the diagnostic potential of the SALL4-A (a) cytoplasmic and (b) nuclear 
expression levels. The AUC and P-values showed significant difference in the diagnostic potential of SALL4-A cytoplasmic and nuclear expression
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was associated with the intestinal subtype of GC, char-
acterized by distinct clinical behavior and prognosis. 
The adjustment process ensured that the observed 
associations were not confounded by these covari-
ates, thus strengthening the reliability of the findings. 
Our findings revealed a significant correlation between 
increased cytoplasmic SALL4-A expression and fac-
tors such as lower histological grade and reduced TNM 
stage. Moreover, our subgroup analysis indicated that 
cytoplasmic SALL4-A expression is more commonly 
associated with intestinal-type GC than compared to 
Signet Ring Cell Carcinoma, which has a poorer prog-
nosis. Signet Ring Cell Carcinoma is often diagnosed 
at more advanced stages and shows worse outcomes 
than non-Signet Ring Cell Carcinoma cases [48]. The 
association of SALL4-A expression with intestinal type 
aligns well with our results, suggesting that higher lev-
els of SALL4-A are linked to less aggressive behavior in 
GC. Although gastric cancer includes other subtypes, 
insufficient sample sizes for these additional subtypes 
prevented their inclusion in the study. Future studies 
with larger cohorts may allow for a more comprehen-
sive analysis of SALL4-A expression across all gastric 
cancer subtypes.

To our knowledge, apart from the present study, only 
one other investigation has evaluated the clinical signif-
icance of SALL4 isoform A in cancer patients, specifi-
cally within a subset of testicular germ cell tumors [19]. 
They found that that this isoform’s higher nuclear and 
cytoplasmic expression was associated with worse out-
comes and disease progression in testicular germ cell 
tumor (TGCT) subtypes, particularly seminomas and 
yolk sac tumors. Specifically, elevated nuclear expres-
sion correlated with advanced tumor stages in semi-
nomas, while increased cytoplasmic expression was 
linked to recurrence and epididymal invasion in embry-
onal carcinomas . Other studies have shown that SALL4 
plays a crucial role in angiogenesis, exerting transcrip-
tional control over VEGF expression [36]. Conversely, 

Diener et al. demonstrated that SALL4 negatively regu-
lates the invasiveness of melanoma by interacting with 
Histone Deacetylase 2 (HDAC2) and directly binding 
to genes associated with invasiveness, such as Nerve 
Growth Factor Receptor (NGFR), E26 Transforma-
tion-Specific 1 (ETS1), Fibronectin 1 (FN1), Vascular 
Endothelial Growth Factor Receptor 1 (VEGFR-1), and 
Platelet-Derived Growth Factor C (PDGFC). Knocking 
down SALL4 in combination with HDAC inhibition 
promoted an invasive phenotype [38]. One of the sig-
nificant sources of discordance in these findings may be 
attributed to the presence of two distinct isoforms of 
SALL4 (A and B), each potentially exhibiting different 
functions. Therefore, it is crucial to consider these iso-
forms, their functions, and their interactions in future 
investigations. Our study specifically focused on iso-
form "A" of SALL4, which demonstrated elevated cyto-
plasmic expression correlated with better prognosis of 
gastric tumor cells.

We examined the correlation between SALL4-A pro-
tein expression and clinical outcomes, including overall 
survival (OS), disease-specific survival (DSS), and pro-
gression-free survival (PFS) in gastric cancer patients. 
Several studies have established that elevated SALL4 
expression correlates with poorer survival rates in cancer 
patients, though these do not specify individual protein 
isoforms [32, 49–51]. Notably, no existing studies have 
investigated patient prognosis specifically in relation 
to SALL4 isoforms (such as A or B) at the protein level. 
However, at the gene level, a study by Liu et al. explored 
the role of SALL4-B in cancer cell survival by employing 
targeted genetic techniques, specifically CRISPR-medi-
ated knockdown, to selectively silence the SALL4-B gene 
in cancer cells [52]. They found that silencing SALL4-B 
alone led to a 40% increase in apoptosis, similar to the 
effect observed when silencing the entire SALL4 gene. 
Additionally, this genetic silencing of SALL4-B resulted 
in reduced cell viability and impaired anchorage-inde-
pendent growth, highlighting SALL4-B’s role in support-
ing the survival and proliferative capacity of cancer cells 
driven by SALL4 expression [52].

While this underscores the gene-level importance 
of SALL4 isoforms in cancer progression, our study is 
unique in evaluating the SALL4-A isoform at the protein 
level, particularly in gastric cancer, which may reveal dis-
tinct biological functions that are not discernible through 
gene silencing alone. Further studies are warranted to 
clarify the specific role of SALL4-A, as its expression at 
the protein level could influence tumor behavior and 
patient prognosis in complementary yet distinct ways 
from gene-targeting approaches.

This study acknowledges some limitations. Tumor het-
erogeneity, a recognized challenge in Tissue Microarray 

Table 6 Diagnostic evaluation of the SALL4-A in gastric cancer 
patients

Diagnostic values Nuclear expression Cytoplasmic 
expression

Sensitivity 55.1% 95.2%

Specificity 88% 56%

PLR 4.59 2.16

NLR 0.604 0.085

AUC 0.714 0.803

Cut‑off 81.5 92.83

P value 0.00 0.00
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(TMA) analysis, may introduce variability in antigen 
expression across different tumor cores. To mitigate this, 
we employed triplicate cores for each sample, a method 
shown to improve reliability and reproducibility by cap-
turing a more representative staining pattern [24–26]. 
Additionally, weight loss, a common clinical feature in 
gastric cancer patients often linked to disease progres-
sion, was not included as a variable in this study. How-
ever, this omission is unlikely to significantly impact our 
findings, as the focus was primarily on the diagnostic and 
prognostic roles of SALL4-A expression. Similarly, fam-
ily history of gastric cancer, another potential influencing 
factor, was not included due to the retrospective nature 
of the dataset and limited availability of such informa-
tion. While these variables might provide additional 
context in future studies, their absence does not compro-
mise the validity of the current results. Addressing these 
factors in subsequent research may further enhance our 
understanding of SALL4-A’s role in gastric cancer diag-
nostics and prognostics.

Conclusion
This study highlights the expression patterns and poten-
tial clinical relevance of the SALL4-A isoform in gastric 
cancer (GC). Our analysis of 167 GC tissue specimens 
revealed a distinct cytoplasmic localization of SALL4-
A in tumor cells, with significantly higher expression 
compared to adjacent non-malignant tissues. Elevated 
cytoplasmic SALL4-A expression was associated with 
less aggressive tumor characteristics, particularly in the 
intestinal subtype. However, no direct link was found 
between SALL4-A expression levels and patient survival 
outcomes. Instead, TNM stage and distant metastasis 
emerged as significant prognostic factors, reflecting the 
multifactorial nature of GC prognosis.

These findings suggest that cytoplasmic SALL4-A 
expression may have diagnostic value in differentiat-
ing malignant from non-malignant tissues in GC. Fur-
ther research, including larger, more diverse cohorts and 
mechanistic studies, is needed to better understand the 
functional role of SALL4-A and to evaluate its potential 
clinical applications. This work contributes to the grow-
ing body of knowledge on GC biomarkers but under-
scores the need for cautious interpretation and additional 
validation before considering clinical translation.
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