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ABSTRACT 1 

Background 2 

This study investigated submucosal alterations in biliary carcinogenesis of 3 

pancreaticobiliary maljunction (PBM). 4 

Methods 5 

Thirty-three patients with PBM (including seven with gallbladder [GB] cancer), four 6 

with neither biliary tract cancer nor PBM who underwent pancreaticoduodenectomy 7 

(controls), and seven with chronic cholecystitis without PBM were enrolled. Protein 8 

expression of α-smooth muscle actin (αSMA), CD68, and CD204 in the GB lamina 9 

propria and that of NLRP3 and caspase 1 in the GB epithelium and lamina propria were 10 

examined. 11 

Results 12 

Compared with the control and cholecystitis groups, αSMA expression was higher in 13 

the cancerous part (stroma) of the GB in patients with GB cancer + PBM and in the 14 

lamina propria of patients with PBM. The CD204/CD68 ratio in the lamina propria was 15 

higher in the PBM group than in the control and cholecystitis groups. NLRP3 and 16 

caspase 1 expression in both the lamina propria and epithelium was higher in the PBM 17 
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than control group. In the PBM group, NLRP3- and caspase 1-positive cells in the 1 

lamina propria were located near the epithelium. 2 

Conclusion 3 

Activated fibroblasts and M2 macrophages in the GB lamina propria may be associated 4 

with biliary carcinogenesis of PBM, possibly through inflammasome activation. 5 

 6 

Keywords 7 

Biliary cancer, activated fibroblast, M2 macrophage, NLRP3, caspase 1 8 

9 
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Abbreviations 1 

PBM: pancreaticobiliary maljunction 2 

GB: gallbladder 3 

TAM: tumor-associated macrophage 4 

CAF: cancer-associated fibroblast 5 

TME: tumor microenvironment 6 

αSMA: α-smooth muscle actin 7 

NLRP3: Nod-like receptor pyrin domain containing 3 8 

PBS: phosphate-buffered saline 9 

IL: interleukin 10 

DAMPs: damage-associated molecular patterns 11 

12 
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INTRODUCTION 1 

Pancreaticobiliary maljunction (PBM) is defined as abnormal union of the 2 

biliopancreatic ducts. PBM is a risk factor for biliary cancer, and the occurrence rate of 3 

PBM-associated biliary cancer is much higher than that of biliary cancer without PBM 1. 4 

The mechanism underlying biliary carcinogenesis of PBM has been linked to the 5 

stagnation of bile mixed with pancreatic juice in the bile duct and gallbladder (GB). 6 

Studies of PBM-associated carcinogenesis have revealed K-ras and p53 gene mutations 7 

in epithelial cells of the GB 2. In patients with PBM, the sequence of 8 

hyperplasia–dysplasia–carcinoma is regarded as the prevailing mechanism underlying 9 

the development of biliary cancer. Research has shown that the mechanism of biliary 10 

carcinogenesis of PBM involves only changes in the biliary epithelium. However, the 11 

carcinogenic alteration in the lamina propria of the GB in patients with PBM remains 12 

unknown. 13 

Tumor-associated macrophages (TAMs) and cancer-associated fibroblasts 14 

(CAFs) in the tumor microenvironment (TME) promote the malignancy of cancer cells 15 

and therapeutic resistance of multiple cancer types. CAFs are an activated form of 16 

fibroblasts and are distinct from fibroblasts in their expression of α-smooth muscle actin 17 
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(SMA) 3-5. Macrophages are classified into two types: 1) the classically activated, 1 

proinflammatory M1 macrophage and 2) the alternatively activated, anti-inflammatory 2 

M2 macrophage. M2 macrophages exhibit low antigen presentation efficiency and 3 

produce high levels of anti-inflammatory cytokines 3-5. TAMs exhibit characteristics 4 

similar to those of M2 macrophages and are characterized by M2 macrophage-specific 5 

markers such as CD163 and CD204 5. The relationship between stromal changes and 6 

carcinogenesis has been the subject of investigation in several types of cancer. M2 7 

macrophage infiltration has been observed in the submucosal tissue of ulcerative colitis 8 

and human papillomavirus-infected cervical cells 6, 7. Crosstalk between senescent 9 

breast cells and activated fibroblasts contributes to the carcinogenesis of breast cancer 8. 10 

However, no study has been performed to examine the influence of M2 macrophages 11 

and activated fibroblasts on PBM carcinogenesis. 12 

Nod-like receptor pyrin domain containing 3 (NLRP3), a member of the NLR 13 

protein family, is an important component of the inflammasome 9. Furthermore, NLRP3 14 

may play a pathological role in tumorigenesis by its modulation of innate and adaptive 15 

immunity, apoptosis, and differentiation 9-11. We hypothesized that NLRP3 is a major 16 

molecule in PBM-associated carcinogenesis because NLRP3 is a major component of 17 
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inflammatory carcinogenesis. However, to the best of our knowledge no study has been 1 

performed to examine NLRP3 expression in patients with PBM. 2 

In this study, we investigated both the epithelium and lamina propria of the GB 3 

to elucidate the mechanism of biliary carcinogenesis of PBM by focusing on activated 4 

fibroblasts, M2 macrophages, and inflammasome activation. 5 

6 
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MATERIAL AND METHODS 1 

Patient selection 2 

This study involved a total of 44 patients. The PBM group comprised 33 3 

patients with PBM who underwent either total excision of the extrahepatic biliary tract 4 

(including the GB) combined with biliary reconstruction or cholecystectomy alone from 5 

1992 to 2020. Of these 33 patients, 7 had PBM-associated GB cancer. Among these 6 

seven patients with PBM-associated GB cancer, four had only cancerous tissue in the 7 

surgical specimens for immunostaining, whereas three had both cancerous tissue and 8 

non-cancerous tissue. The control group comprised four patients with neither biliary 9 

tract cancer nor PBM who underwent pancreaticoduodenectomy. Finally, the 10 

cholecystitis group comprised seven patients with chronic cholecystitis who were 11 

selected as representative cases of simple biliary inflammation without PBM. 12 

Immunohistochemical staining of the GB was performed in the above all patients. This 13 

study was approved by the Ethics Committee of Tokushima University (TOCMS ID: 14 

3010-1). 15 

 16 

Immunohistochemical staining and assessment 17 
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Immunohistochemical staining was performed as previously described 12. 1 

Briefly, 4-µm-thick tissue sections from each sample were deparaffinized and 2 

dehydrated. The sections were treated with 0.3% hydrogen peroxide and methanol for 3 

20 minutes to halt peroxidase activity, and this was followed by heat treatment. The 4 

sections were then incubated overnight at 4°C with a primary mouse monoclonal 5 

antibody to αSMA (ab7817, 1:100 dilution in phosphate-buffered saline [PBS]; Abcam, 6 

Cambridge, UK) and primary rabbit polyclonal antibodies to NLRP3 (ab214185, 1:200 7 

dilution in PBS; Abcam) and caspase 1 (GTX101322, 1:100 dilution in PBS; Genetex, 8 

Irvine, CA, USA). Finally, the sections were treated with a secondary antibody 9 

(EnVision™+ Dual Link System-HRP; Dako, Glostrup, Denmark) for 1 hour at room 10 

temperature. 11 

To evaluate CAFs, the samples were analyzed using 200× magnification. The 12 

area fraction of CAFs was defined as the ratio of the αSMA-positive area to the total 13 

area on the microscopic field, determined using ImageJ software version 1.53a 14 

(National Institutes of Health, Bethesda, MD, USA) 5. 15 

To evaluate NLRP3 and caspase 1 expression in the GB epithelium, the 16 

H-score was determined for each sample 10. The H-score was calculated by multiplying 17 
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the staining percentage (0%–100%) by the staining intensity (1: weak, 2: moderate, and 1 

3: strong), with a score ranging from 0 to 300 10. In accordance with the NLRP3 and 2 

caspase 1 expression in the lamina propria of the GB, as reported previously, 3 

spindle-shaped non-neoplastic cells (excluding macrophages and lymphocyte-like round 4 

cells) were recognized as fibroblasts, and cytoplasmic expression of NLRP3 and 5 

caspase 1 in these cells was considered positive 11, 12. Cells positive for NLRP3 and 6 

caspase 1 were identified by screening the entire area in a low-power (100×) field and 7 

selecting the three areas with the highest density of stained cells. The mean number of 8 

positive cells in three independent high-power (400×) fields was calculated. 9 

All immunostained sections were evaluated by a pathologist blinded to the 10 

patients’ information. 11 

 12 

Immunofluorescence staining 13 

Immunofluorescence staining was performed as previously reported 3. The 14 

primary antibodies were rabbit polyclonal antibodies to CD204 (TK022, 1:50 dilution in 15 

PBS; TransGenic Inc., Kobe, Japan), CD68 (ab955, 1:100 dilution in PBS; Abcam), 16 

NLRP3 (NBP2-12446, 1:50 dilution in PBS; Novus Biologicals LLC, Centennial, CO, 17 
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USA), caspase 1 (NBP2-12446, 1:500 dilution in PBS; Genetex), and αSMA (ab7817, 1 

1:100 dilution in PBS; Abcam). The secondary antibodies were anti-rabbit Alexa 488 2 

(1:500, A-11008; Life Technologies, Carlsbad, CA, USA) and anti-mouse Alexa 594 3 

(1:500, A-11005; Life Technologies). 4 

For CD204 and CD68 double staining, a dual immunofluorescence method was 5 

used as previously described 13 with some modifications. Briefly, the sections were 6 

incubated overnight with the anti-CD68 antibody at 4°C. They were then incubated with 7 

Alexa 594 anti-mouse IgG as the secondary antibody for 1 hour and then blocked with 8 

5% mouse serum and 5% anti-mouse IgG Fab (Jackson ImmunoResearch Laboratories, 9 

West Grove, PA, USA) for 1 hour each. Next, the sections were incubated with the 10 

anti-CD204 antibody overnight at 4°C, followed by Alexa 488 anti-mouse IgG for 1 11 

hour. Expression was determined by analyzing three randomly selected fields at high 12 

magnification (×400) 14. 13 

 14 

Statistical analysis 15 

All statistical analyses were performed using statistical software (JMP 11.2.0; SAS 16 

Institute, Cary, NC, USA). Comparisons of several parameters were analyzed with 17 
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one-way analysis of variance followed by Bonferroni’s post-hoc correction. Statistical 1 

significance was defined as P < 0.05. 2 
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RESULTS 1 

Activated fibroblasts and M2 macrophages in the lamina propria of the GB in 2 

patients with PBM 3 

To examine the significance of activated fibroblasts and M2 macrophages in 4 

biliary carcinogenesis of PBM, we performed immunohistochemical staining of αSMA 5 

and dual immunofluorescence staining of CD68 and CD204. Immunohistochemical 6 

staining of GB tissues from patients with PBM revealed spindle-shaped cells expressing 7 

αSMA in addition to vascular smooth muscle cells (Figure 1). Dual 8 

immunofluorescence staining revealed CD68-positive round cells with or without 9 

CD204 positivity (Figure 2) in the lamina propria. In the lamina propria of the GB in the 10 

control group, αSMA was also expressed in vascular smooth muscle cells, but low 11 

levels of αSMA expression were found in the spindle-shaped cells. Similarly, few 12 

CD204-positive round cells were detected in the lamina propria of the GB in the control 13 

and cholecystitis groups. 14 

Figure 3a shows the frequency of αSMA-positive cells. The percentage of cells 15 

expressing αSMA in the cancerous part (stroma) of the GB in patients with concurrent 16 

GB cancer and PBM was significantly higher than that in the lamina propria of the GB 17 
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in all patients with PBM (with and without GB cancer) as well as in the non-cancerous 1 

part (lamina propria) of the GB in patients with concurrent GB cancer and PBM (P < 2 

0.05). There was no significant difference in the number of αSMA-positive cells 3 

between the lamina propria of the GB in patients with PBM and the non-cancerous part 4 

(lamina propria) of the GB in patients with concurrent GB cancer and PBM (P = 5 

0.2771). Additionally, the PBM group showed more αSMA-positive cells in the lamina 6 

propria of the GB than did the control group (P < 0.05) and cholecystitis group (P = 7 

0.057). Figure 3b and c shows the frequency of cells expressing CD204 and CD68, 8 

respectively. Expression of CD204, an M2 macrophage marker, in the lamina propria of 9 

the GB was significantly higher in the PBM than control group (P < 0.05) and tended to 10 

be higher than that in the cholecystitis group (P = 0.072). Expression of CD68, an M1 11 

and M2 macrophage marker, was highest in the lamina propria of the GB in the 12 

cholecystitis group and tended to be higher than that in the control group (P = 0.055); 13 

however, there was no significant difference among all three groups. Figure 3d shows 14 

that the CD204/CD68 ratio, which indicates the proportion of M2 macrophages, was 15 

significantly higher in the lamina propria of the GB in the PBM group than in the 16 

control and cholecystitis groups (P < 0.05). Additionally, there was no significant 17 
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difference in the CD204/CD68 ratio in the lamina propria of the GB in patients with 1 

PBM versus the cancerous part (stroma) and non-cancerous part (lamina propria) of the 2 

GB in patients with concurrent GB cancer and PBM. 3 

 4 

Expression of NLRP3 and caspase 1 in the GB epithelium of patients with PBM 5 

Figure 4 shows representative immunohistochemical staining for NLRP3 and 6 

caspase-1 expression in GB samples from patients with PBM. NLRP3 and caspase-1 7 

were detected in the cytoplasm of cells within the GB epithelium. 8 

Figure 5a and b shows the mean H scores of five groups: control, cholecystitis, 9 

PBM, GB cancer with PBM (cancerous part), and GB cancer with PBM (non-cancerous 10 

part). The H scores for NLRP3 were 65 ± 55, 193 ± 31, 215 ± 14, 179 ± 34, and 93 ± 29, 11 

respectively, and those for caspase 1 were 91 ± 31, 143 ± 31, 171 ± 16, 209 ± 33, and 12 

100 ± 50, respectively. Epithelial NLRP3 expression was significantly higher in the 13 

cholecystitis, PBM, and GB cancer with PBM groups than in the control group (P < 14 

0.05). Furthermore, epithelial NLRP3 expression was significantly higher in the PBM 15 

group than in the GB cancer with PBM (non-cancerous) group (P < 0.05). 16 

Epithelial caspase 1 expression tended to be higher in the PBM group than in 17 
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the control group (P = 0.06) and was significantly higher in the GB cancer with PBM 1 

group than in the control group (P < 0.05). 2 

Additionally, 15 (57.8%) of 26 GB samples in the PBM group showed 3 

epithelial hyperplasia. Six (23.1%) cases showed dysplasia, and three of these cases 4 

were combined with hyperplasia. Five (19.2%) cases showed neither epithelial 5 

hyperplasia nor dysplasia. NLRP3 expression in the normal epithelium, hyperplastic 6 

epithelium, and dysplastic epithelium (with or without hyperplasia) groups was 225 ± 7 

26, 219 ± 19, and 220 ± 35, respectively, and caspase 1 expression was 157 ± 40, 198 ± 8 

24, and 228 ± 37, respectively. There were no significant differences among the three 9 

groups. However, NLRP3 expression in the epithelium of the GB in patients with PBM 10 

with or without hyperplastic and dysplastic regions was higher than that in the normal 11 

epithelium of the control group. One hyperplastic region in the PBM group had 12 

significantly higher caspase 1 expression than the normal epithelium in the control 13 

group (P < 0.05). 14 

 15 

Expression of NLRP3 and caspase 1 in the lamina propria of the GB in patients 16 

with PBM 17 
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In the lamina propria of the GB in patients with PBM, NLRP3 and caspase 1 1 

expression was detected in both macrophage-like round cells and fibroblast-like 2 

spindle-shaped cells (Figure 4). 3 

Figure 5c and d shows the expression of NLRP3 and caspase 1 in 4 

spindle-shaped cells, which were regarded as activated fibroblasts, in the control, 5 

cholecystitis, PBM, GB cancer with PBM (cancerous part), and GB cancer with PBM 6 

(non-cancerous part) groups. NLRP3 expression in these five groups was 3.0 ± 0.9, 26.8 7 

± 3.3, 24.4 ± 3.5, 20.7 ± 2.4, and 23.7 ± 7.0/hpf, respectively, and caspase 1 expression 8 

was 7.8 ± 3.2, 15.5 ± 3.6, 21.8 ± 2.2, 18.6 ± 3.4, and 20.3 ± 2.7/hpf, respectively. There 9 

was no difference in NLRP3 or caspase 1 expression in the lamina propria of the GB in 10 

patients with PBM versus the cancerous part (stroma) or non-cancerous part (lamina 11 

propria) of the GB in patients with concurrent GB cancer and PBM. The number of 12 

NLRP3- and caspase 1-positive spindle-shaped cells was higher in the PBM than 13 

control group (P < 0.05). Interestingly, regarding the distribution of NLRP3- and 14 

caspase 1-positive spindle-shaped cells in patients with PBM, we observed the 15 

likelihood that some spindle-shaped cells, which expressed NLRP3 and caspase 1, 16 

existed near epithelial cells, which highly expressed both molecules (Figure 6). 17 
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Conversely, few cells that did not express these molecules were detected near the 1 

epithelium. 2 

We next performed dual immunofluorescence staining of GB tissue from 3 

patients with PBM. We detected both NLRP3 and caspase-1 expression in activated 4 

fibroblasts, which were identified as αSMA-positive cells, in the lamina propria of the 5 

GB in patients with PBM (Figure 7). 6 

7 
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DISCUSSION 1 

In this study, we found high infiltration of αSMA-positive activated fibroblasts 2 

and CD204-positive M2 macrophages in the lamina propria of the GB in patients with 3 

PBM. Additionally, NLRP3 and caspase-1 expression was elevated not only in the 4 

epithelium but also in fibroblasts in patients with PBM. These data suggest that 5 

infiltration of activated fibroblasts and M2 macrophages into the lamina propria of the 6 

GB in patients with PBM is comparable to that observed in patients with GB cancer and 7 

might be related to PBM-associated biliary carcinogenesis, possibly through crosstalk of 8 

NLRP3 activation between epithelial and stromal cells. 9 

Regarding the role of stromal cells in carcinogenesis, some studies have 10 

revealed that stromal changes also occur in healthy tissues and progressively evolve to a 11 

neoplastic state, contributing to malignant transformation of epithelial cells 6-8. 12 

Infiltration of both activated fibroblasts and M2 macrophages has been reported as a 13 

preneoplastic state of the pancreas in patients with chronic pancreatitis 15. In terms of 14 

the effect of activated fibroblasts on carcinogenesis, a major role of crosstalk between 15 

senescent breast luminal cells and activated fibroblasts has been suggested in promoting 16 

the inflammatory/carcinogenic microenvironment via a senescence-associated secretory 17 
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phenotype in an interleukin (IL)-8-dependent manner 8. Regarding the link between M2 1 

macrophages and carcinogenesis, Kvorjak et al. 6 reported that M2 macrophages might 2 

contribute to regulation of MUC1 glycosylation, a specific event during malignant 3 

transformation in colitis-associated colon cancer. Swangphon et al. 7 reported that a 4 

high density of infiltrating CD163+ monocytes was associated with the severity of 5 

human papillomavirus-infected cervical lesions. Furthermore, Xue et al. 15 reported 6 

infiltration of M2 macrophages and pancreatic stellate cells into the pancreatic tissue of 7 

patients with chronic pancreatitis, indicating a neoplastic state of pancreatic cancer. The 8 

authors stated that crosstalk between these two stromal cell types via the secretion of 9 

cytokines, such as IL-4 and IL-13, might contribute to pancreatic fibrosis progression. 15 10 

In our study, the number of CD204-positive macrophages in the lamina propria of the 11 

GB was higher in the PBM group than in the control and cholecystitis groups, and it 12 

was not significantly different regardless of the presence of GB cancer in patients with 13 

PBM. However, the number of CD68-positive macrophages was most substantially 14 

increased in patients with cholecystitis. These data suggest that proinflammatory M1 15 

macrophages are increased in cholecystitis because of the inflammatory status of the GB 16 

tissue. Similarly, our study revealed infiltration of M2 macrophages and activated 17 
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fibroblasts into the lamina propria of the GB in patients with PBM, suggesting the role 1 

of these cells in the malignant transformation of the epithelium in patients with PBM. 2 

NLRP3 is involved in innate immunity, and its activation has been identified in 3 

various pathological conditions, including myocardial ischemia and fibrosis 16, 17. A 4 

relationship among NLRP3, carcinogenesis, and cancer progression was recently 5 

demonstrated 9-11,18. Son et al. 18 reported elevation of NLRP3 expression in the colonic 6 

epithelium of patients with colitis and colitis-associated colon cancer and suggested that 7 

once tumor formation is initiated, NLRP3 inflammasome-induced IL-1β and IL-18 8 

modulate immunity in the TME and promote cancer progression. In the biliary 9 

epithelium of patients with PBM, the incidence and degree of hyperplasia are 10 

characteristic 19. These changes lead to a hyperplasia–dysplasia–carcinoma sequence 11 

that differs from the sequence in sporadic biliary tract cancer 19. K-ras gene mutations, 12 

which are related to PBM carcinogenesis, have been observed not only in the cancerous 13 

region of patients with PBM but also in hyperplastic epithelia of the biliary tract of 14 

patients who have PBM without cancer 19,20. In our study, NLRP3 expression in the GB 15 

epithelium of patients with PBM either with or without hyperplastic and dysplastic 16 

regions, and even in one patient in the PBM group without hyperplastic or dysplastic 17 
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regions, was higher than that in the normal epithelium of the control group. Therefore, 1 

this finding suggests that NLRP3 activation is a relatively very early step in PBM 2 

carcinogenesis. 3 

Regarding the pro-cancerous role of NLRP3 in activated fibroblasts, Ershaid et 4 

al. 11 reported tumor-promoting functions of CAFs in breast cancer in sensing 5 

tumor-induced tissue damage, including releasing damage-associated molecular patterns 6 

(DAMPs) and activating the NLPR3 inflammasome pathway, which promotes tumor 7 

progression and metastasis. NLRP3 activation in M2 macrophages is also reportedly 8 

involved in cancer migration 21. However, no report has examined whether NLRP3 9 

activation in stromal cells influences carcinogenesis. In our study, activation of the 10 

NLRP3 inflammasome was detected in patients with PBM, not only in the GB 11 

epithelium but also in the GB lamina propria (especially in activated fibroblasts), 12 

compared with the control group. Additionally, NLRP3- and caspase 1-positive 13 

activated fibroblasts and M2 macrophages were distributed immediately beneath the 14 

relative molecule-positive epithelium. This result suggests crosstalk between epithelial 15 

and stromal cells during PBM carcinogenesis. Regarding the relationship between 16 

NLRP3 activation and stromal changes, Alyaseer et al. 22 reported that the maturation of 17 
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IL-1β through NLRP3 and caspase-1 activation in epithelial cells promotes transcription 1 

of the TGF-β gene in an autocrine, paracrine, or endocrine manner. Because TGF-β is 2 

an indicator of CAFs, NLRP3 activation in epithelial cells might lead to CAF 3 

infiltration. Guo et al. 23 reported that the NLRP3 inflammasome/IL-1β pathway 4 

promotes the recruitment of TAMs in the TME of breast cancer. NLRP3 activation also 5 

induces pyroptosis, a proinflammatory mode of cell death. In this process, the cell 6 

membrane is ruptured and IL-1β and IL-18, inflammatory DAMPs, are released to 7 

propagate proinflammatory responses 24. Our data suggest that NLRP3 activation affects 8 

carcinogenesis of the GB epithelium in patients with PBM. Furthermore, previous 9 

studies suggest crosstalk between epithelial and stromal cells via NLRP3 activation, 10 

TGF-β secretion, and DAMP release. 11 

This study has two main limitations. First, we defined spindle-shaped cells as 12 

fibroblasts and quantified the number of NLRP3- and caspase 1-positive cells. However, 13 

several types of cells other than fibroblasts and macrophages may express these 14 

molecules, such as lymphocytes. In some reports, the total number of stromal cells was 15 

counted instead of the number of each type of cell, such as fibroblasts and macrophages; 16 

other reports used the same approach as our method, and spindle cells were defined as 17 
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fibroblasts. Thus, the number of NLRP3- and caspase 1-positive fibroblasts might have 1 

been overcounted. Additionally, the lamina propria of the cholecystitis group was very 2 

thin because of inflammation and submucosal edema. The area of the lamina propria of 3 

the GB in the cholecystitis group, in which NLRP3-positive fibroblasts were counted, 4 

was larger than that in the other groups. Although NLRP3 expression in the lamina 5 

propria of the GB in the cholecystitis group was much higher, the finding of edema in 6 

patients with cholecystitis is a possible reason, and some area corrections are needed in 7 

further studies. Second, our analysis was limited to an immunohistochemical approach. 8 

An in vitro PBM model was previously established using a cholangiocyte cell line and 9 

lysophosphatidylcholine, which is elevated in patients with PBM 25. Metabolomics 10 

analysis of bile samples from patients with PBM in our institute also revealed 11 

lysophosphatidylcholine as a carcinogenic candidate 26. More in vitro studies on the 12 

stromal changes during PBM carcinogenesis are needed. 13 

In conclusion, our results show that activated fibroblasts and M2 macrophages 14 

may be associated with carcinogenesis of PBM, possibly through NLRP3 15 

inflammasome activation. 16 

17 
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FIGURE LEGENDS 15 

Figure 1. Immunostaining staining of αSMA in the lamina propria of the gallbladder.  16 
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Spindle-shaped cells positive for αSMA were seen in the lamina propria of the 1 

gallbladder of patients with PBM (×400 magnification). Conversely, few 2 

positively stained cells were detected in the lamina propria of the gallbladder 3 

in the control group. 4 

PBM: pancreaticobiliary maljunction 5 

 6 

Figure 2. Dual immunofluorescence of CD204 and CD68 in gallbladder tissue. 7 

Round cells positive for CD204/68 were found in the lamina propria of the 8 

gallbladder in patients with PBM. Conversely, few positively stained cells were 9 

detected in the lamina propria of the gallbladder in the control and cholecystitis 10 

groups. 11 

Arrow: CD204/68 double-positive cell, PBM: pancreaticobiliary maljunction 12 

 13 

Figure 3. Quantification of immunohistochemical staining. 14 

(a) αSMA, (b) CD204, (c) CD68, and (d) ratio of CD204/CD68 expression. 15 

*P < 0.05, GB: gallbladder, PBM: pancreaticobiliary maljunction 16 

  17 
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Figure 4. Immunostaining for NLRP3 and caspase 1 in gallbladder tissue.  1 

(a) NLRP3 (400× magnification). (b) Caspase 1 (400× magnification). 2 

Macrophage-like round cells are shown by black arrows and fibroblast-like 3 

spindle cells by arrows. NLRP3- and caspase 1-positive activated fibroblasts 4 

(arrowhead) were distributed immediately beneath the relative 5 

molecule-positive epithelium.  6 

NLRP3: Nod-like receptor pyrin domain containing 3  7 

 8 

Figure 5. Quantification of immunohistochemical staining for NLRP3 and caspase 1 in 9 

the epithelium and stroma. 10 

(a) NLRP3 (H-score) and (b) caspase 1 (H-score) in the epithelium. (c) NLRP3 11 

(cell number) and (d) caspase 1 (cell number) in the stroma. 12 

*P < 0.05, GB: gallbladder, PBM: pancreaticobiliary maljunction, NLRP3: 13 

Nod-like receptor pyrin domain containing 3  14 

 15 

Figure 6. Distribution of NLRP3 and caspase 1-positive stromal cells in PBM.  16 

(a) NLRP3. (b) Caspase 1.  17 
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+1 and 2 are intensity scores in the H-score evaluation.  1 

NLRP3: Nod-like receptor pyrin domain containing 3, PBM: pancreaticobiliary 2 

maljunction 3 

 4 

Figure 7. Dual immunofluorescence staining of gallbladder tissue in PBM.  5 

(a) NLRP3 (green) and αSMA (red). (b) Caspase 1 (green) and αSMA (red).  6 

Arrows indicate NLRP3- or caspase 1-positive activated fibroblasts. 7 

NLRP3: Nod-like receptor pyrin domain containing 3.  8 
















