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Abstract

Interleukin-1β (IL-1β) is known to trigger beta cell dysfunction in vitro and could potentially play 

a role during the pathogenesis of type 1 diabetes and type 2 diabetes. However, several clinical 

trials attempting to block IL-1β function have had minimal success. We therefore reinvestigated 

local expression of IL-1β in human diabetic and non-diabetic pancreata.

We obtained pancreatic tissue sections from the Network for Pancreatic Organ Donors with 

Diabetes (nPOD) including non-diabetic control (n=9), non-diabetic auto-antibody positive (AAb

+, n=5), type 1 diabetes (n=6), and type 2 diabetes (n=6) donors. Islets were systematically 

investigated for the presence of IL-1β mRNA by in situ hybridization and IL-1β protein by 

indirect immunofluorescence. We found that intra-islet IL-1β was produced at comparable levels 

in both non-diabetic and diabetic donors. Interestingly, the main source for IL-1β was alpha cells 

but not beta cells.

Our findings call into question the role of IL-1β in the diabetic pancreas as it has been proposed in 

previous literature. Additionally, our results regarding the localization of IL-1β should lead to 

further investigation into the role of IL-1β in the physiology of pancreatic alpha cells.
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1. Introduction

Type 1 diabetes (T1D) is an autoimmune disease which is characterized by the progressive 

loss of beta cell (β-cells) during an ongoing inflammatory process. According to the bi-

hormonal hypothesis of diabetes pathogenesis [1], the loss of insulin secretion is often 

followed by impairment in the control of glucagon secretion. However, little is known about 

the fate of alpha cells (α-cells) within the inflamed islets.

During the last 30 years, intense efforts have been made to understand the role of cytokines 

in the pathogenesis of T1D with the hope that anti-cytokine therapies may eventually 

provide clinical benefits [2]. IL-1β is a pro-inflammatory cytokine, which, due to multiple 

biological effects on the inflammatory response and cell viability, has emerged as an 

interesting therapeutic target. Although the IL-1β gene is polymorphic and is reported to be 

associated with inflammation and Type 2 diabetes (T2D) [3], IL-1β maturation is mainly 

regulated at the posttranslational level. Previously, there have been discrepancies reported in 

the data obtained from mRNA and protein IL-1β in the islets from diabetes [4, 5]. We 

therefore examined the expression of pancreatic IL-1β and its role in the pathogenesis of 

T1D.

The modulation of innate and adaptive immune responses through IL-1β is believed to 

promote β-cell dysfunction and apoptosis in vitro [6–8]. However, bimodal effects have also 

been described for IL-1β [9]. In animal models, administration of a high concentration of 

IL-1β accelerated T1D development, whereas low dose IL-1β reduced the frequency of T1D 

[10]. Moreover, the effect of IL-1β blockade was found to be minor in several animal 

models of T1D including the RIP-LCMV mouse model [11] and the non-obese diabetic 

(NOD) mouse model (13). In recent trials, IL-1β blockade was not effective as a single 

immunomodulatory therapeutic approach in recent-onset T1D [12].

In T2D, based on the observation that insulin secretion and number of pancreatic β-cells is 

decreased, it has been suggested that IL-1β might contribute to the premature demise of 

these cells [13]. Larsen et al demonstrated that IL-1 blockade in patients with T2D slightly 

improved Hb1Ac and β-cell secretory function and reduced markers of systemic 

inflammation [14]. However, it only provided transient benefits since HBA1c reduction was 

not sustainable after one year [15].

In humans, IL-1β is typically produced by activated immune cells (mostly macrophages), 

ductal cells and vascular endothelial cells. Furthermore, rat islet studies have revealed that 

IL-1β can also be produced by β-cells [7]. Since clinical studies could not demonstrate any 

sustainable benefit following IL-1β blockade in patients with T1D and T2D, we decided to 

systematically re-evaluate the expression of IL-1β in human pancreata.

We analyzed pancreatic tissues from pre-diabetic, diabetic and non-diabetic donors obtained 

from the Network for Pancreatic Organ Donors with Diabetes (nPOD; www.jdrfnpod.org) in 

order to examine the expression of intra-islet IL-1β at the mRNA and the protein level, and 

to determine its cellular origin.
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2. Materials and Methods

2.1. Subjects

Human pancreata were collected from cadaveric organ donors via nPOD. Six μm sections 

from formalin-fixed paraffin-embedded (FFPE) tissue samples were obtained from non-

diabetic (n=9) non-diabetic auto-antibody positive (n=5), T1D (n=6), and T2D (n=6) donors 

which were age and BMI-matched. A total of 10 donors were non-obese and 16 donors were 

obese. The age of onset in T1D is heterogeneous, but this study is focused on donors with 

age of onset between 14 and 19 years old. Detailed demographic and histological 

information for each group is provided in Supplementary Table 1.

2.2. In situ hybridization

To detect IL-1β mRNA expression level, RNAscope® 2.0 High Definition BROWN Assay 

(ACD, Hayward, CA) was used according to the manufacturer’s instructions (see 

Supplementary material for more details).

2.3. Indirect immunofluorescence

Pancreas sections were subjected to a standard triple indirect immunofluorescence (IF) 

staining protocol to determine the expression of IL-1β at the protein level and its localization 

in α and β cells (see Supplementary Materials for more details).

2.4. Analysis

In situ hybridization (ISH)—Islets were quantified by Image-pro Premier software 

(Media Cybernetics, Rockville, MD). For each islet, the percentage of the positive area (or 

positive staining, defined by Image-pro Premier software) within the islet boundary was 

assessed and the differences between the groups and within the regions of each section were 

presented as the mean of analyzed islets (mean±SD).

Immunofluorescence (IF)—Image analysis was performed with Image Pro Premier 

software on randomly selected islets. For each islet, the difference of the mean intensity in 

the positive area (MIP), and the mean intensity in the negative area (MIN) (background) was 

measured (MIP-MIN). The differences between the groups and within the regions of each 

section were presented as the mean of (MIP-MIN) ± SD. All techniques, image acquisition 

and analysis have been validated by histology and microscopy specialists, at LJI which 

enabled us to rightfully quantify the IL-1β expression level.

2.5. Statistics

Data are presented as mean ± SD and were analyzed using either one-way analysis of 

variance (ANOVA) or an unpaired Student t test. All analyses were performed using 

GraphPad Prism version 6 (GraphPad Software, San Diego, CA) and reviewed by a 

statistician. A value of P < 0.05 was considered significant.
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2.6. Study approval

La Jolla Institute for Allergy and Immunology Institutional Review Board approved all 

experimental procedures (approved protocol number DI3-054-1112).

3. Results and Discussion

The number of islets in nPOD pancreas sections varies from ten to several hundreds. The 

definition of what appears ‘representative’ in human pancreatic pathology is therefore a 

subject of scrutiny, but, to our knowledge, has not been clearly defined. Hence, a first 

analysis was performed in order to estimate how many islets should be analyzed to reach a 

representative result (see Supplementary Materials). We found that a stable mean and 

confidence interval of either the percentage of positive area (ISH) or the mean intensity 

(Immunofluorescence; IF) was attained when at least 30 islets were included in the analysis 

(Supplementary Figure 1). We then investigated the heterogeneity of IL-1β mRNA and 

protein expression in 30 islets from 9 donors in three regions of the pancreas (tail, body and 

head). The results were highly variable between regions (Supplementary Figure 2A and 2B), 

yet the level of mRNA and protein expression was not statistically significantly different 

between the three regions. Additionally, a high amount of variation in IL-1β expression both 

at the mRNA and the protein level was observed within sections (the average coefficient of 

variation of IL-1β ranged from 5% to 80% for both ISH and IF measurements), although 

there was less heterogeneity in IF than ISH (30% vs. 80%). These results confirmed the need 

for a systematic analysis to take into account the diversity of pancreatic lobes. Consequently, 

we established a new method to investigate IL-1β expression in the pancreas, which allows 

high confidence in the reliability and the reproducibility of our findings. We systematically 

tested pancreas sections from 26 nPOD samples (a significant number of 780 islets in total) 

for the presence of IL-1β both at the mRNA level, by ISH, and protein level, by IF.

In order to determine the cellular source of IL-1β, we performed a triple immunostaining for 

IL-1β, insulin and glucagon and defined overlapping of IL-1β positive staining with insulin 

(β-cells) or glucagon (α-cells) positive staining (Figure 1A). We showed for the first time 

that more α-cells were producing IL-1β (40%–68%) than β-cells (1%–21%) independently 

of disease status (Figure 1B). In all T1D specimens, α-cells were found to be positive for 

IL-1β, with homogenous staining and no specific distribution pattern within the islets. In 

T1D donors, some of the remaining insulin positive β-cells were also found to co-express 

IL-1β but the majority of IL-1β positive cells were α-cells.

There are conflicting reports regarding the effect of elevated glucose concentration on the 

production of IL-1β by human or rodent islets. Gene array analysis and real time PCR from 

laser-captured islets from patients with T2D have previously shown increased IL-1β 
expression when compared with non-diabetic control samples [16, 17]. This observation had 

also been reported in human and rodent islets exposed to high concentrations of glucose [4]. 

However, Welsh and colleagues showed that neither high glucose in vitro nor the diabetic 

state in vivo led to IL-1β production in human islets [18]. Collectively, these results suggest 

that locally produced IL-1β is not necessarily linked to the glycemic status in diabetes and 

might be heterogeneous.
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In ISH experiments, tonsil or pancreas sections served as positive and negative control using 

Ubc and DapB probes, respectively (Figure 2A and 2B). An important IL-1β variability 

between individuals and within islets of the same section was noticed (Figure 2C–F). There 

was no significant difference in IL-1β mRNA expression between groups based on BMI 

(Figure 2G) or disease status (Figure 2H). In IF experiments, the specificity of IL-1β 
antibody was validated in non-diabetic pancreata (negative control, Figure 3A), and human 

tonsil sections (positive control, Figure 3B). IL-1β within pancreatic islets was detected in 

most of the samples at various levels of expression (Figure 3C–F). In our cohort, the 

expression level of IL-1β protein did not differ between obese and non-obese donors (Figure 

3G) or among individuals with different disease status (Figure 3H). Case 6152 exhibited 

high expression of IL-1β and was considered an outlier, while 5 cases (6038, 6039, 6069, 

6087, 6198) were negative for IL-1β expression. We compared data with 54 variables 

available from the nPOD database (including demographics, histology evaluation, patient 

lifestyle and medical history, serology and HLA); however, we did not identify any positive 

correlation with expression of IL-1β (data not shown). These results clearly demonstrate 

that IL-1β can be detected in the islets of patients with T1D, T2D and also in islets from 

non-diabetic donors. Furthermore, we assessed the correlation of islet infiltration by myeloid 

cells (CD45 positive) with IL-1β expression but we could not find any association either 

inside or in the periphery of the islets (Supplementary Figure 3). Thus, we ruled out the 

possibility of the involvement of infiltrating cells in the IL-1β expression by α-cells. 

Additionally, we did not observe any association of IL-1β expression with macrophages 

(CD68 positive cells, data not shown), confirming that α-cells are the main source of IL-1β. 

However, we observed cells which were positive for both CD68 and IL-1β (Supplementary 

Figure 4), hence further validating our antibody directed against IL-1β.

Previous studies of transcriptomes of purified human islet cells from healthy donors showed 

26 fold higher IL-1β gene expression in β-cells than in α-cells [5]. Our mRNA data does not 

allow a direct comparison with these results because we did not measure insulin or glucagon 

expression at the mRNA level. However, our protein data clearly reveal that α-cells are the 

main source of IL-1β. Our finding that α-cells predominantly express IL-1β and this 

expression is independent of diabetic status is novel and intriguing. Potentially, α-cell-

derived IL-1β could exert paracrine effects on β-cells expressing IL-1 receptors. Indeed, 

Maedler and colleagues showed that the IL-1 receptor antagonist (IL-1Ra) is expressed by 

human pancreatic β-cells and down-regulated in patients with T2D [19]. The authors 

observed that leptin, which is mainly produced by the adipose tissue, decreased IL-1Ra 

expression in human islets at the mRNA and the protein level. Even though there was no 

difference in IL-1β expression, locally produced IL-1β could have a distinct effect if IL-1Ra 

was modulated by other factors. Expression of IL-1β was studied in pancreata sections from 

five T2D patients with poor glycemic control. In contrast with our findings, their results by 

double immunostaining of IL-1β and insulin showed higher levels of IL-1β in T2D donors 

compared with non-diabetic donors [4]. The high degree of heterogeneity in IL-1β 
expression that we observed in our systematic study may account for these discrepancies. 

We believe that we have addressed this issue in a systematic fashion by pre-defining how 

many islets and regions need to be analyzed to give reproducible results. We therefore 
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demonstrate for the first time that the expression of IL-1β both at the mRNA and the protein 

level is independent of disease status and is mainly localized to α-cells.

Our results are novel and differ from previous reported studies but they do resonate with the 

marginal clinical effects observed in several IL-1β blockade trials [12, 15, 20]. Data used to 

build the rationale for IL-1β blockade were obtained either from animal models [21], 

isolated β-cells [4] or at the systemic level [7, 22] but not from human pancreatic tissues 

which may explain the discrepancy between expected results from the literature and our 

observations. The present study is the first quantification of IL-1β in human pancreas tissue 

and therefore may provide a more representative image of its role in human T1D 

pathophysiology. However, even if intra-islet IL-1β is not involved in pancreatic 

inflammation, IL-1β is known to be produced by other sources, such as macrophages from 

the adipose tissue [23, 24]. In T2D, this source of IL-1β might be involved in the 

physiopathology of the disease, which may explain the limited significant effect observed in 

clinical trials [14].

The presence of intra-islet IL-1β in α-cells independent of BMI or disease status is certainly 

puzzling. However, IL-1β has been shown to act directly on β-cells as a non-deleterious 

cytokine to potentiate insulin secretion [25]. In the islet, the presence of IL-1β may therefore 

be associated with glucose homeostasis rather than inflammation.

4. Conclusion

Based on our current data, the limited beneficial outcomes of IL-1β blockade and therefore, 

since side effects are expected, we believe that such therapy should be considered carefully. 

Furthermore, our observations should help to better understand the pathogenesis of T1D and 

T2D, and opens up new avenues of investigation pertaining to the potential physiological 

and pathogenic roles of IL-1β produced by α-cells.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Alpha cells, but not beta cells, are the main source for IL-1β in human 

pancreatic islets

• Non-diabetic and diabetic donors produce intra-islet IL-1β at comparable 

levels independently from BMI or disease status

• The presence of IL-1β in islets may be associated with glucose homeostasis 

rather than inflammation
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Figure 1. a-cells mainly expressed IL-1β, independently of the diabetic status
A: Pancreatic tissue sections from non-diabetic, AAb+, T1D (ICIs and IDIs), and T2D 

donors were analyzed by indirect immunofluorescence. Representative images of islets from 

sections are shown. First column displays insulin (green), second column shows IL-1β (red), 

third column represents glucagon (blue), fourth column is the merge of the first three 

columns, and fifth column is a magnification of the fourth column. B: Percentage of 

overlapping IL-1β positive signal with either glucagon (Gluc) or insulin (Ins) positive signal 

was determined using Fiji. Each dot represents the mean of 10 randomly selected islets. Data 

are mean ± SD and were compared by t-test. A p-value less than 0.05 is considered as 

significant (* p<0.001). Scale bars represent 20 micrometers. T1D: Type 1 Diabetes; T2D: 
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Type 2 Diabetes; AAb+: Auto-antibody positive; ICI: Insulin Containing Islets; IDI: Insulin 

Deficient Islets
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Figure 2. IL-1β mRNA expression is independent of BMI and disease status
A–F: Representative images from the case 6181. DapB (A) or Ubc (B) served as a negative 

and positive control, respectively. (C) Intra-section heterogeneity of IL-1β expression (30 

islets from case 6181). Images of (D) low (0–2%), (E) medium (2–5%), and (F) high (> 5%) 

expression of IL-1β. (G, H) Quantification of intra-islet IL-1β expression in pancreas 

sections from non-diabetic (n=9), T1D (n=6), AAb+ (n=5), and T2D (n=6) donors. Data are 

obtained from 30 islets and are presented as the percentage of positive area within islets 

(mean ± SD). Scale bars represent 50μm. Inserts show a magnification of the area inside the 

box. Data are displayed as mean ± SD and were compared with (G) t-test or (H) one-way 

ANOVA. T1D: Type 1 Diabetes; T2D: Type 2 Diabetes; AAb+: Auto-antibody positive.
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Figure 3. IL-1β protein expression is independent of BMI and disease status
A–F: Non-diabetic pancreata stained with secondary antibody only (A) or human tonsil (B) 

served as negative and positive controls, respectively. Heterogeneity of IL-1β expression 

between islets from the pancreatic tail of case 6123 (C). Images of low (0–15) (D), medium 

(15–30) (E), and high (>30) (F) expression of IL-1β. (G, H) Quantification of intra-islet 

IL-1β expression in pancreas sections from non-diabetic (n=9), T1D (n=6), AAb+ (n=5), 

and T2D (n=6) donors. Data are obtained from 30 islets and are presented as the mean of the 

difference of MIP and MIN (mean ± SD). Scale bars represent 20μm. Inserts show a 

magnification of the area inside the box. Data are displayed as mean ± SD and were 

compared with (G) t-test or (H) one-way ANOVA. MIP: mean intensity in the positive area, 

MIN: mean intensity in the negative area T1D: Type 1 Diabetes; T2D: Type 2 Diabetes; 

AAb+: Auto-antibody positive.
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