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Abstract

BACKGROUND

The Alcian blue (AB) and periodic acid Schiff (PAS) stains are representative
mucus markers in gastric signet ring cell carcinoma (SRCC). They are low-cost
special staining methods used to detect acidic mucus and neutral mucus,
respectively. However, the clinical importance of the special combined AB and
PAS stain is unclear.

AIM
To investigate AB expression, PAS expression and the AB-to-PAS (A/P) ratio in
gastric SRCC patients and to assess patient prognosis.

METHODS

Paraffin-embedded sections from 83 patients with gastric SRCC were stained with
AB and PAS, and signet ring cell positivity was assessed quantitatively. Immuno-
histochemical staining for Ki67, protein 53 (P53) and human epidermal growth
factor receptor 2 (HER2) was performed simultaneously. The cancer-specific
survival (CSS) rate was estimated via Kaplan-Meier analysis. Cox proportional
hazards models were used for univariate and multivariate survival analyses.

RESULTS

Kaplan-Meier survival analysis revealed that the 3-year CSS rate was significantly
greater in the high-PAS-expression subgroup than in the low-PAS-expression
subgroup (P < 0.001). The 3-year CSS rate in the A/P < 0.5 group was significantly
greater than that in the A/P > 0.5 group (P = 0.042). Univariate Cox regression
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analysis revealed that the factors affecting prognosis included tumor diameter, lymph node metastasis, vessel
carcinoma embolus, tumor stage, the A/P ratio and the expression of Ki67, P53 and the PAS. Cox multivariate
regression analysis confirmed that low PAS expression [hazard ratio (HR) = 3.809, 95% confidence interval (CI):
1.563-9.283, P = 0.003] and large tumor diameter (HR = 2.761, 95%CI: 1.086-7.020, P = 0.033) were independent risk
factors for poor prognosis.

CONCLUSION

A/P > 0.5 is potentially a risk factor for prognosis, and low PAS expression is an independent risk factor in the
prognosis of gastric SRCC. PAS expression and the A/P ratio could help in predicting the clinical prognosis of
patients with SRCC.

Key Words: Alcian blue; Periodic acid-Schiff; Prognosis; Gastric; Signet ring cell carcinoma
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Core Tip: Through retrospective analysis of 83 patients with gastric signet ring cell carcinoma (SRCC) and paraffin-
embedded sections from 83 patients were stained with Alcian blue (AB), periodic acid Schiff (PAS), Ki67, protein 53, and
human epidermal growth factor receptor 2, we confirmed that AB to PAS (A/P) ratio > 0.5 is a potential risk factor for the
prognosis and low PAS expression is an independent risk factor for the prognosis of gastric SRCC. PAS expression and A/P
ratio could help in predicting the clinical prognosis of SRCC patients. However, our study had a limited sample size this and
further follow-up studies are still needed.
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INTRODUCTION

Gastric cancer is the fifth most common cancer and the third leading cause of cancer death globally[1]. According to
epidemiological statistics, there were approximately 1.033 million new cases of signet ring cell carcinoma (SRCC) and
783000 deaths globally in 2018[2]. The incidence rate of SRCC was 14.4% (192/1330) of the gastric adenocarcinoma cases
in our hospital from 2015 to 2022. According to the 3™ edition of the World Health Organization (WHO), more than 50%
of gastric SRCC tumors are composed of signet ring cells. The tumor cells were categorized into five types based on their
cellular features: Classical (showing a typical signet ring appearance with abundant intracytoplasmic mucin that pushed
the nucleus to the periphery), histiocytoid (cells with central nuclei resembling histiocytes), eosinophilic (cells with deeply
eosinophilic cytoplasm containing abundant minute granules positive for neutral mucin), small cell (cells with little or no
mucin) and anaplastic (cells with little or no mucin) types[3]. Since 2010, the 4™ edition of the WHO has included the term
“poorly cohesive carcinoma”, which refers to classical SRCC and four other subtypes[4]. However, the term poorly
cohesive carcinoma has not been widely used[5]; therefore, in our research, the definition of gastric SRCC was based on
the 3 edition of the WHO.

SRCC is usually regarded as having a poor prognosis and being more aggressive. It has been reported that the SRCC
subtype is an independent risk factor for poor prognosis in gastric cancer patients, and the 5-year and 10-year survival
rates of gastric SRCC patients are significantly lower than those of patients with other types of gastric adenocarcinoma (5-
year survival rate: 19.2% vs 25.8%; 10-year survival rate: 16.0% vs 22.1%)[6]. However, there are also reports with varying
opinions regarding the survival outcomes of patients with different stages of gastric SRCC[7,8].

It is well known that signet ring cells can be stained blue-green by Alcian blue (AB) combined with acidic mucus and
stained red by periodic acid-Schiff (PAS) combined with neutral mucus[3]. PAS is a staining method used to detect
polysaccharides, such as glycogen, glycoproteins, glycolipids and mucin. Gomori[9] demonstrated that the carbon chain
of polysaccharides is actually broken between C2 and C3, leading to the formation of aldehydes, which can be
demonstrated by reaction with Schiff’s and Fuchsin sulfurous acid. This reaction results in the formation of intense red
compounds. The AB dyes dissolved in 3% acetic acid to make a pH = 2.5 solution are copper phthalocyanines with a
variety of cationic side chains, and they are useful for staining carbohydrate polyanions[10]. The cationic groups of AB
are easily removed under very mild conditions, producing insoluble blue/bluish-green pigments[11]. This reaction
enhances the sensitivity of detecting anions in acidic mucus. Previous researchers have explored the value of the AB and
PAS staining reactions in tumor diagnosis and prognosis[12,13]. However, the clinical importance of special AB combined
with PAS staining in treating gastric SRCC is unclear and controversial. To determine the possible mechanisms
underlying the tumorigenesis and heterogeneity of gastric SRCC at the cellular level, we examined the expression of
neutral mucin and acid mucin in tumor cells from each patient. Our study was designed to predict the prognosis of
gastric SRCC by mucus expression and to preliminarily explore the possible impact of different pondus hydrogenii
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strains of cell mucus on tumor development.

MATERIALS AND METHODS

Patients and data collection

The clinical records of 93 patients diagnosed with gastric SRCC (according to the third edition of the WHO) in our
hospital from January 2015 to February 2020 were reviewed. Four patients lost to follow-up after one month were
excluded; 4 patients aged older than eighty years and 2 patients with other systemic malignancies were excluded. Finally,
83 patients were enrolled in our study. The detailed patient selection flowchart is shown in Figure 1. Fifty-four of these
patients underwent distal gastrectomy, 25 underwent total gastrectomy, and 4 underwent endoscopic submucosal
dissection. The follow-up time or survival time for each patient was calculated from the time of pathological diagnosis.
The endpoint event was defined as death from cancer. None of the patients had received any preoperative radiotherapy
or chemotherapy. The clinicopathological parameters of the patients are provided in the Supplementary material.

Detection of PAS and AB

After routine deparaffinization and dehydration, the slides were rinsed in distilled water: (1) For PAS staining, sections
were incubated in 1% periodic acid solution for 10 min and then subjected to Schiff’s reagent for 20 min; and (2) For AB
staining, sections were immersed in a 3% acetic acid solution for 3 min followed by incubation in AB solution (pH = 2.5)
for 30 min at room temperature. Nuclear staining with hematoxylin was performed for 30 s. After dehydration and
transparentization, the samples were mounted with neutral gum. The neutral mucus material was red after PAS staining.
Red- and purplish red-stained cells were considered positive. In AB-positive stained signet ring cells, the mucus had a
light bluish-green to deep bluish-green color. The nuclei of the cells were blue. The positive controls used for PAS and AB
were antral epithelium and colonic epithelium tissues, respectively.

Two qualified pathologists independently assessed the AB and PAS reaction products in all patients by counting one
thousand tumor cells on each slide. The results were recorded as the percentage of tumor cells showing AB or PAS
positivity. We took the average of the two percentages for each patient. The high AB or PAS expression groups comprised
those patients with proportion of AB- or PAS-positive signet ring cells > 50%, and the low AB or PAS expression groups
comprised those patients with the corresponding proportions < 50%.

When calculating the AB to PAS (A/P) ratio, we replaced negative expression with AB and PAS staining results, with a
positive expression result of 1%. The difference in the expression ratio between the AB and PAS could be calculated
without affecting the grouping of the positive expression data.

Detection of immunohistochemistry

The sections were subjected to immunohistochemical staining using Ki67 (dilution 1:800), protein 53 (P53) (dilution
1:500), and human epidermal growth factor receptor 2 (HER2) (dilution 1:1000) antibodies. Antigen retrieval was
achieved by incubating the sections in citrate (pH = 6.0) with microwave heating for 10 min. The sections were then
placed in 0.3% H,O, in ethanol for 20 min to block endogenous peroxidase activity. The slides were incubated overnight
at 4 °C and then incubated with horseradish peroxidase-conjugated secondary antibody for 30 min. The sections were
developed in diaminobenzidine solution and counterstained with hematoxylin. The slices were washed with phosphate
buffered saline during each step. Materials were purchased from Fuzhou Maixin Biotech Co. For positive controls for
Ki67 and P53, chronic tonsillitis and colonic carcinoma tissue were used. HER2-negative and -positive control tissues
were obtained from breast cancer tissues (negative, positive 1+, positive 3+) via the tissue microarray technique.

Assessment of Ki67, P53 and HER2 immunoreactivity

For Ki67 assessment, tiny yellowish, tan or brown particles indicated a positive signal. For P53 assessment, the intensity
(color) of P53 staining was graded as 0 (colorless), 1 (yellow), 2 (tan), or 3 (brown), and the percentage of positive cells
was scored as 0 (0%), 1 (1%-10%), 2 (11%-50%), 3 (51%-75%), or 4 (> 75%), respectively, for each core. A product of
staining intensity and percentage of positive cells > 3 was considered to indicate positive staining, and a product < 3 was
considered to indicate negative staining. For HER2 assessment, patients were scored in accordance with the HER2 scoring
system for gastric cancer[14]. Two qualified pathologists independently assessed the immunoreactivity of Ki67, P53, and
HER2.

Statistical evaluation

All the statistical analyses were conducted using SPSS software (version 23.0; SPSS, Chicago). The patients’ clinicopatho-
logical characteristics were analyzed using the ¥? test or Fisher’s exact test for categorical variables. Univariate Cox
regression analysis was used to screen potential prognostic risk factors. Subsequently, independent risk factors were
further screened by multivariate Cox regression analysis (Method: Forward: LR). The hazard ratio (HR) and 95%
confidence interval (CI) were also reported for each risk factor. For survival analysis, the survival rate was calculated by
the Kaplan-Meier method, and the log-rank method was used to compare the survival rates between the different groups.
P < 0.05 was considered to indicate statistical significance.
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Gastric signet ring cell carcinoma patients
meet the definition of the WHO third edition
Year: 2015 to 2022
n=293

Exclusion:
Patients followed up for less than 1 month, n = 4
Patients aged over 80 yr, n = 4
Patient had other systemic malignancies, n = 2

Patients included in the study
n=283

Figure 1 Flowchart of the patients included in our study with gastric signet ring cell carcinoma. WHO: World Health Organization.

RESULTS

Clinicopathologic and histologic features of SRCC patients

The 83 patients at diagnosis ranged from 24 to 76 years old, with a median age of 39.7 years. Among them, 32 (38.55%)
were males and 51 (61.45%) were females. The median ages for males and females were 56.1 and 48.6 years, respectively.
The mean postoperative follow-up was 34 months (range: 21-61). There were 21 (25.3%) patients at the early stage and 62
(74.7%) at the advanced stage. By tumor diameter, 43 (51.8%) patients were < 3 cm, 40 (48.2%) were > 3 cm, 33 (39.8%)
patients had no vessel carcinoma embolus, 50 (60.2%) had vessel carcinoma embolus, 33 (39.8%) patients had no lymph
node metastasis, and 50 (60.2%) patients had lymph node metastasis. K67 and P53 were stained in the nucleus, and HER2
was stained in the cytomembrane (Figure 2). The percentages of P53- and HER2-positive patients were 62.7% and 24.10%,
respectively. The percentage of Ki67-positive cells > 50% was 25.3%. PAS was used to stain the signet ring cells as
prominent purplish red/red, and AB was used to stain the tumor cells blueish-green (Figure 3). PAS staining revealed
that 33 (39.8%) patients in the low-grade group had < 50% PAS-positive cells, 50 (60.2%) had > 50% PAS-positive cells,
and only 4 patients in the low-grade group had no PAS-positive material. With regard to the response of signet ring cells
to AB staining, 48 patients had > 50% AB-positive cells, 20 patients had < 50% AB-positive cells, and 15 patients were
negative. The patients’ clinicopathological parameters at the time of diagnosis are shown in Table 1.

Kaplan-Meier survival curves

The 3-year cancer-specific survival (CSS) rate of all gastric SRCC patients was 73.7% (Figure 4A). Among the 21 patients
with early-stage disease, the 3-year CSS rate was 100%. Among the 62 patients with advanced-stage disease, the 3-year
CSS rate was 63.7%. Kaplan-Meier survival curves revealed that patients with a tumor diameter > 3 cm had significantly
poorer CSS than did those with a tumor diameter <3 cm (Figure 4B, P = 0.001). The degree of PAS expression tended to
correlate with prognosis, and the 3-year CSS rates in the high PAS expression group and low PAS expression group were
86.8% and 54.0%, respectively (Figure 4C, P < 0.001). Even when considering only advanced cancers, there was still a
significant difference in prognosis between the two groups, and the 3-year CSS rates were 78.2% and 49.1%, respectively
(Figure 4D, P = 0.003). AB expression was not significantly associated with patient survival. Among the 83 patients with
gastric SRCC, the A /P ratio ranged from 0.11 to 5.00. After all patients were assigned to two groups according to the A/P
ratio, the median survival durations were 48 and 30 months for patients with A/P < 0.5 and > 0.5, respectively. For the 36
patients with A/P < 0.5, the 3-year CSS rate was 85.8%. For the 47 patients with A/P > 0.5, the 3-year CSS rate was 67.8%.
Kaplan-Meier survival curves revealed that an A/P < 0.5 was strongly correlated with a better prognosis (Figure 5A, P =
0.042). When the patients categorized into three groups, the median survival times of the 36, 40 and 7 patients with A/P <
0.5,05<A/P<1and A/P >1 were 48, 31 and 29 months, respectively. For patients with A/P <0.5,0.5<A/P <1, and
A/P >1, the 3-year CSS rates were 85.8%, 60.5%, and 53.6%, respectively. Among the patients in the three groups, the A/
P ratio tended to correlate with prognosis: The lower the A/P ratio, the better the survival. However, statistical
significance was not apparent (Figure 5B, P = 0.067).

PAS expression and the A/P ratio correlated with the clinicopathologic features of patients

Kaplan-Meier survival curves revealed that high PAS expression and an A/P < 0.5 were significantly correlated with a
better prognosis. Therefore, we analyzed the relationships between these two indicators and mucus and clinicopathologic
features to further explore their prognostic value in gastric SRCC. Fifty patients exhibited metastasis to the lymph nodes;
22 (66.7%) had low PAS expression, and 28 (56.0%) had high PAS expression. Among the other 33 patients with no
evidence of metastasis, 11 (33.3%) had low PAS expression, and 22 (44.0%) had high PAS expression. However, in the
group with low PAS expression, the number of patients with lymph node metastasis was twice that of patients without
metastasis, and no significant difference was observed between lymph node metastasis and PAS expression (P = 0.331).
Three (9.1%) of the 21 patients at the early stage and 30 (90.9%) of the 62 patients at the advanced stage had significantly
lower PAS expression (P = 0.006). The relative expression of Ki67 and p53 was lower in the high PAS expression group
than in the low PAS expression group. However, the difference was not significant (P > 0.05). Moreover, there were no
significant differences in any clinicopathologic features or A/P ratios. The patient clinicopathological parameters and the
degree of PAS expression at the time of diagnosis are shown in Table 1.
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Table 1 Correlation between periodic acid Schiff expression and clinicopathologic features (n = 83), n (%)

Total PAS
Factors P value
n=83 < 50% positive > 50% positive

Age (yr) 0.583
<60 63 (75.9) 24 (72.7) 39 (78.0)

> 60 20 (24.1) 9 (27.3) 11 (22.0)

Gender 0.898
Male 32 (38.6) 13 (39.4) 19 (38.0)

Female 51 (61.4) 20 (60.6) 31 (62.0)

Tumor diameter 0.347
<3 43 (51.8) 15 (45.5) 28 (56.0)

>3 40 (48.2) 18 (54.5) 22 (44.0)

Vessel carcinoma embolus 0.608
No 33 (39.8) 12 (36.4) 21 (42.0)

Yes 50 (60.2) 21 (63.6) 29 (58.0)

Lymph node metastasis 0.331
Negative 33 (39.8) 11 (33.3) 22 (44.0)

Positive 50 (60.2) 22 (66.7) 28 (56.0)

Tumor stage 0.006
Early 21 (25.3) 3(9.1) 18 (36.0)

Advanced 62 (74.7) 30 (90.9) 32 (64.0)

Ki67 0.394
<50% 62 (74.7) 23 (69.7) 39 (78.0)

>50% 21 (25.3) 10 (30.3) 11 (22.0)

P53 0.281
Negative 31 (37.3) 10 (30.3) 21 (42.0)

Positive 52 (62.7) 23 (69.7) 29 (58.0)

HER2 0.283
Negative 63 (75.9) 23 (69.7) 40 (80.0)

Positive 20 (24.1) 10 (30.3) 10 (20.0)

P <0.05 is considered statistically significant. HER2: Human epidermal growth factor receptor 2; P53: Protein 53; PAS: Periodic acid-Schiff.

Univariate and multivariate Cox regression analyses based on clinicopathologic parameters

Univariate Cox regression analysis revealed that large tumor diameter (HR = 4.428, 95%CI: 1.750-11.199, P = 0.002), vessel
carcinoma embolus (HR = 3.634, 95%CI: 1.351-9.775, P = 0.011), lymph node metastasis (HR = 3.006, 95%CI: 1.120-8.066, P
= 0.029), advanced tumor stage (HR = 42.232, 95%CI: 1.201-1485.160, P = 0.039), > 50% positive expression of Ki67 (HR =
2.254, 95%ClI: 0.984-5.165, P = 0.055), positive expression of P53 (HR = 2.532, 95%CI: 0.995-6.443, P = 0.051), low PAS
expression (HR = 5.284, 95%CI: 2.164-12.905, P < 0.001) and A/P > 0.5 group (HR = 1.402, 95%CI: 1.028-1.910, P = 0.033)
were potential independent risk factors. After multivariate Cox regression analysis, low PAS expression (HR = 3.809,
95%CI: 1.563-9.283, P = 0.003) and large tumor diameter (HR = 2.761, 95%CI: 1.086-7.020, P = 0.033) emerged as
independent risk factors for prognosis. Univariate and multivariate Cox regression analyses based on the clinicopath-
ologic parameters of the gastric SRCC patients are shown in Table 2.

DISCUSSION

According to our study, gastric SRCC exhibits different clinicopathological features compared with other types of gastric
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Table 2 Univariate and multivariate Cox regression analysis based on clinicopathologic parameters for 83 signet ring cell carcinoma

patients

Univariate analysis Multivariate analysis
HR 95%Cl P value HR 95%Cl P value
Age (yr)
<60 1
> 60 1.461 0.624-3.418 0.382
Gender
Male 1
Female 0.865 0.384-1.949 0.727
Tumor diameter
<3 1 1
>3 4.428 1.750-11.199 0.002 2.761 1.086-7.020 0.033
Venous tumor emboli
No 1
Yes 3.634 1.351-9.775 0.011
Lymph node metastasis
No 1
Yes 3.006 1.120-8.066 0.029
Tumor stage
Early 1 1
Advanced 42232 1.201-1485.160 0.039 159858 0.000-2.26E+153 0.945
Ki67
<50% 1
>50% 2.254 0.984-5.165 0.055
P53
Negative 1
Positive 2.532 0.995-6.443 0.051
HER2
Negative 1
Positive 1.232 0.487-3.114 0.659
PAS
>50% 1 1
<50% 5.284 2.164-12.905 0 3.809 0.108-0.640 0.003
AB
<50% 1
>50% 0.985 0.970-3.114 1.002
A/P
<50% 1
>0.5 1.402 1.028-1.910 0.033

P < 0.05 is considered statistically significant. AB: Alcian blue; A/P: Alcian blue to periodic acid Schiff ratio; CI: Confidence interval; HR: Hazard ratio;
PAS: Periodic acid-Schiff.
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Figure 2 Immunohistochemical and hematoxylin-eosin staining of gastric signet ring cells. A: Classical signet ring cells stained by hematoxylin-
eosin; B: Ki67-positive signet ring cells; C: Protein 53-positive signet ring cells; D: Human epidermal growth factor receptor 2-positive signet ring cells.

adenocarcinoma; for example, it occurs more frequently in females and develops at a relatively younger age. This finding
was similar to related reports from previous studies[15,16], although the exact cause was not yet clear. It has been
proposed that the cancerization of SRCC might be influenced by sex hormones, especially estrogen receptor (ER).
However, there was no evidence that ER played a key role[17]. Due to the differences in epidemiology, the risk factors
leading to the cancerization of SRCC are still controversial. Previous studies suggested that E-cadherin, which is encoded
by the CDHI gene and leads to loss of cell contact by disruption of adherent junctions, may be involved in SRCC
initiation, and CDH1 mutations seem to be the most frequent abnormality leading to SRCC[18,19]. Its specific pathogenic
mechanisms are unclear because of poor understanding of its etiology; however, one of the prominent processes at the
cellular level involves the accumulation of different amounts of mucin within the cytoplasm. We analyzed the expression
and ratio of acidic mucus to neutral mucus in tumor cells by performing AB and PAS special staining. We attempted to
clarify the correlation between mucus in signet ring cells and patient prognosis by AB and PAS special staining methods.

Several studies have suggested that gastric SRCC has a better prognosis than other types of gastric adenocarcinoma at
an early stage, but the survival outcome of patients with advanced-stage disease is still controversial[16,20-23]. According
to our present analysis of the prognosis of 83 SRCC patients, the 3-year CSS rate was 73.7%, and that of patients with
advanced-stage disease was 63.7%. These results are not widely divergent from those of previous studies on the
prognosis of gastric SRCC[24]. Lymph node metastasis has been reported to be an independent prognostic risk factor for
gastric SRCC[25]. Our study showed that lymph node metastasis significantly affects patient prognosis but was not an
independent risk factor according to multivariate Cox analysis. This may be related to our insufficient sample size. Tumor
diameter was an independent prognostic risk factor for gastric SRCC in our study. However, several studies have
reported that tumor diameter is not associated with poor outcome[22,26]. These controversial results may be related to
the depth of invasion and require further confirmation.

Ki67 (encoded by the MKI67 gene) is a proliferation marker protein correlated with poor differentiation and worse
biological behaviors[27,28]. P53 gene alterations are missense mutations, most of which lead to the synthesis of a mutant
protein and thus massive overexpression of the protein product[29]. Both of these factors were confirmed to be potential
biomarkers for predicting the prognosis of gastric cancer[30-32]. In our study, Kaplan-Meier analysis revealed that Ki67
and P53 expression significantly affected patient prognosis (y* = 3.932, P = 0.047; y* = 4.093, P = 0.043). The higher the
expression of Ki67 and P53, the poorer the prognosis. HER2 belongs to the human epidermal receptor family[33]. Upon
HER?2 dimerization among the receptors of the family, downstream tyrosine kinase signaling cascades are activated, thus
triggering cell proliferation, migration and invasion[34]. It has also been proven to be associated with the prognosis of
gastric SRCC[35], but our research did not support this view.

Gastric SRCC with pure classical signet ring cells is relatively rare and is usually present in the early stage and limited
to the intramucosal layer. Its morphology is often lost when tumors develop and transform into the other 4 types of
tumors, especially in invasive areas[36]. We observed cell morphology and found that the loss of cell morphology was
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Figure 3 Alcian blue and periodic acid-Schiff staining showing positivity for signet ring cells. A and B: Periodic acid-Schiff-positive signet ring cells
were stained prominently purplish red; C and D: Alcian blue-positive signet ring cells were stained bluish green.

mainly manifested by a reduction in the amount of mucus in the cytoplasm, and the number of PAS- or AB-positive cells
decreased correspondingly. The intracytoplasmic mucus content differs among the five different subtypes of signet ring
cells, and the accumulation of mucins results in either large, small, or even absent vacuoles. In other words, the loss of
morphological differentiation of typical signet ring cells decreases or even abolishes PAS or AB expression. This result
was consistent with previous research[12,25]. We analyzed the correlation between mucus content and prognosis by
detecting PAS and AB expression in different types of signet ring cells and confirmed that low PAS expression was an
independent risk factor for poor prognosis and that AB expression was not significantly associated with patient survival.
However, there is also a different opinion that PAS and AB staining of signet ring cells reflects the character and degree of
maturity of mucous granules, and PAS-positive tumor cells are more active and more immature than AB-positive cells are
[37]. Takenoshita et al[13] indicated that alterations in the properties of mucin occur during the progression of signet ring
cells based on reactions to PAS and AB staining. Our research, which demonstrated that the A/P ratio is related to the
survival of SRCC patients (a lower A/P ratio is associated with a worse prognosis), was consistent with previous
findings. Therefore, mucin in the cytoplasm could play an important role in cancer progression. The amount of AB- and
PAS-positive materials in mucus varies between different subtypes of signet ring cells[13,38,39]. We found that the
expression of neutral mucus is closely related to patient prognosis. The lower the neutral mucus concentration is, the
worse the prognosis. The presence of acidic mucus is not directly related to prognosis. However, our study suggested that
as the ratio of acidic mucus to neutral mucus in signet ring cells increases, the survival rate of patients significantly
decreases. We speculated that when tumor cells differentiate in a more malignant direction, the intracytoplasmic mucin
ionizes more anions, leading to acidification. Then, the isoelectric point of the cytoplasm changes, and the material moves
to the acid side to bind to additional AB dye, which is basic. Therefore, these patients had a greater A/P ratio. We prelim-
inarily confirmed that the different concentrations and pH values of intracytoplasmic mucus could play a role in tumor
cell differentiation and progression and affect patient prognosis.

There are several limitations to our study. First, our study was a single-center, retrospective study with a limited
sample size. Second, we had a shorter follow-up period. In addition, other unknown physiological and path-
ophysiological factors may also have inevitable impacts on patient prognosis; however, these factors were not included in
the present study. Despite these limitations, we verified that low PAS expression is an independent risk factor for
prognosis and that an A/P > 0.5 was potentially correlated with poor outcome in SRCC patients.

CONCLUSION

This study demonstrated that low PAS expression was an independent risk factor for poor prognosis and that A/P > 0.5
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was potentially a risk factor for poor prognosis. The PAS and A /P ratio can be used to evaluate the prognosis of patients
with gastric SRCC. PAS and AB staining is helpful for determining the prognosis of gastric SRCC patients, and the cost of
these methods is low.

ARTICLE HIGHLIGHTS

Research background
There were few studies on the prognosis of patients with gastric signet ring cell carcinoma (SRCC) and the clinical
significance in gastric SRCC of the combined Alcian blue (AB) and periodic acid Schiff (PAS) is unclear and controversial.

Research motivation
To explore the prognostic predictors in patients with gastric SRCC.

Research objectives
This study aimed to investigate the AB expression, PAS expression and AB to PAS ratio (A/P) in gastric SRCC and assess
the prognosis.

Research methods

A total of 83 patients with gastric SRCC were selected for retrospective analysis and their paraffin-embedded sections
were stained by AB and PAS, Ki67, protein 53 (P53) and human epidermal growth factor receptor 2. Kaplan-Meier
analysis and Cox proportional-hazard models were used for statistical analyses.

Research results

The 3-year cancer-specific survival rate showed that: (1) High PAS expression group was significantly higher than that of
low PAS expression group (P < 0.001); and (2) A/P < 0.5 group was significantly higher than A/P > 0.5 group (P = 0.042).
Univariate Cox regression analysis showed that the factors affecting prognosis included tumor diameter, lymph node
metastasis, vessel carcinoma embolus, tumor stage, A/P ratio and the expression of Ki67, P53 and PAS. Multivariate Cox
regression analysis conformed that low PAS expression and large tumor diameter were independent risk factors for

prognosis.

Research conclusions

A/P > 0.5 is a potential risk factor for the prognosis and low PAS expression is an independent risk factor for the
prognosis of gastric SRCC. PAS expression and A/P ratio could help in predicting the clinical prognosis of SRCC
patients.

Research perspectives
AB and PAS stains can be routinely used for SRCC diagnosis to help determine prognosis.
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