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Abstract

Objective—STAT 3 deficiency (autosomal dominant hyper immunoglobulin E syndrome (AD-

HIES)) is a primary immunodeficiency disorder with multi-organ involvement caused by dominant 

negative signal transducer and activator of transcription gene 3 (STAT3) mutations. We sought to 

describe the gastrointestinal (GI) manifestations of this disease.

Methods—Seventy subjects aged five to 60 years with a molecular diagnosis of AD-HIES were 

evaluated at the National Institutes of Health (NIH). Data collection involved a GI symptom 

questionnaire and retrospective chart review.
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Results—In our cohort of 70 subjects, we found that 60% had GI symptoms (42/70). The most 

common manifestations were gastroesophageal reflux disease (GERD) observed in 41%, 

dysphagia in 31%, and abdominal pain in 24%. The most serious complications were food 

impaction in 13% and colonic perforation in 6%. Diffuse esophageal wall thickening in 74%, solid 

stool in the right colon in 50% (12/24), and hiatal hernia in 26% were the most prevalent 

radiologic findings. Esophagogastroduodenoscopy (EGD) demonstrated esophageal tortuosity in 

35% (8/23), esophageal ulceration in 17% (4/23), esophageal strictures requiring dilation in 9% 

(2/23), and gastric ulceration in 17% (4/23). Esophageal eosinophilic infiltration was an 

unexpected histologic finding seen in 65% (11/17).

Conclusion—The majority of AD-HIES subjects develop GI manifestations as part of their 

disease. Most notable are the symptoms and radiologic findings of GI dysmotility, as well as 

significant eosinophilic infiltration, concerning for a secondary eosinophilic esophagitis. These 

findings suggest that the STAT3 pathway may be implicated in a new mechanism for the 

pathogenesis of several GI disorders.
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Introduction

STAT3 deficiency, also known as autosomal dominant hyper-IgE syndrome (AD-HIES), is a 

primary immunodeficiency characterized by eczema, recurrent infections, and multiple 

connective tissue, skeletal, and vascular abnormalities [1–3]. STAT3 is expressed widely and 

mediates varied pathways from wound healing, host defense, and vascular remodeling, thus 

explaining the multi-system clinical phenotype. Although there have been a few case reports 

of perforation and infection of the gastrointestinal tract [5–7], the prevalence and spectrum 

of gastrointestinal (GI) manifestations in STAT3 deficiency have never been systematically 

described.

In our cohort of patients with STAT3 deficiency, we have noted GI presentations that are 

consistent with some of the defined immune abnormalities of STAT3 deficiency as well as 

the connective tissue findings. These include both Candida and endemic fungal infections of 

the GI tract, likely related to the impaired development of TH17 lymphocyte that impairs 

epithelial host immunity [8–10], as well as symptoms of connective tissue disorders such as 

Marfan’s and Ehlers-Danlos syndromes [4], with diverticuli and perforation.

Therefore, we systemically examined the GI manifestations of STAT3 deficiency through an 

adapted questionnaire as well as review of medical history, laboratories, endoscopies, and 

pathology.
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Methods

Subjects

The charts of 70 subjects with loss of function STAT3 mutations enrolled in a National 

Institutes of Health (NIH) Institutional Review Board approved protocol (00-I-0159, 

NCT00006150) were reviewed (Fig. 1). Forty-four of these 70 subjects completed an 

adaptation of a published dysphagia questionnaire with additional upper and lower GI 

symptom questions [11] (Supplemental Appendix 1). The retrospective chart review focused 

on GI and allergic history (foods, medications, and environmental) and relevant laboratory 

data.

Radiology

Twenty-five subjects had dedicated abdominal imaging for clinical evaluation (some subjects 

underwent more than one imaging modality): 19 underwent computed tomography (CT) 

scans and 10 had abdominal ultrasounds. All 70 subjects had CT imaging of the chest done 

for routine pulmonary evaluation and these were assessed specifically for esophageal 

abnormalities. Radiologic imaging was analyzed by a single radiologist (AMV), who was 

blinded to subjects’ individual clinical, endoscopic, and pathologic findings.

Endoscopy

Twenty-three patients underwent clinically indicated EGD, eight underwent colonoscopy, 

and two underwent flexible sigmoidoscopy. EGD indications included dysphagia, 

odynophagia, history of food impaction, reflux, failure to thrive, nausea, vomiting, early 

satiety, melena, or abdominal pain. Indications for lower endoscopy included iron deficiency 

anemia, hematochezia, abdominal pain, and follow up of perianal fistula. Two subjects had 

incomplete colonoscopies due to poor bowel preparation. All endoscopic procedures were 

performed under appropriate sedation. All studies were performed and analyzed by the same 

gastroenterologist (TH).

Pathology

Seventeen patients had histopathology from biopsies taken during endoscopy available for 

review, including esophageal tissue (17 patients), gastric tissue (14 patients), duodenal tissue 

(12 patients), and colonic tissue (6 patients). All specimens were reviewed by two GI 

pathologists (DEK, MQ) and included documentation of tissue eosinophil counts averaged 

over 10 high power fields (×40).

Statistical Analysis

Data analyses included descriptive analyses such as percentages, mean and standard 

deviation, and range (minimum and maximum). Fisher’s exact test was used in analyses of 

association between two categorical variables. Data analysis was performed using SAS, 

Version 9.1.3 (SAS Institute Inc., Cary, NC) and JMP 8.0 (SAS Institute Inc., Cary, NC).
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Results

Demographics

The patient cohort was 59% female (41/70), with ages ranging from 5 to 60 years (Table 1). 

Fifty-nine percent of patients (41/70) had medication allergies, and 34% (19/70) were found 

to have one or more food allergies, which is consistent with a prevalence of 38% we reported 

in a previous paper [20].

Sixty percent of patients (42/70) complained of one or more GI symptoms, with the most 

prevalent being gastroesophageal reflux disease (GERD), and dysphagia in 22/70 (31 (Table 

1). Both of these symptoms were found to have progressively increasing incidence with age 

(Fig. 2).

One of the most predominant clinical findings identified from the patient histories was food 

impaction in 13% (9/70) of the cohort. Other significant findings included intestinal 

perforation in 6% of the subjects (4/70), rectal prolapse in 3% (2/70), and colonic 

diverticulosis in 3% (2/70). Among the four patients with bowel perforation, two cases were 

spontaneous and the other two were attributed to diverticular disease.

Gastrointestinal infections were also observed in this cohort, with the most common being 

esophageal candidiasis in 6% of patients (4/70). Other infections included esophageal 

cryptococcus (1/70, 1%), esophageal EBV (1/70, 1%), and Histoplasma capsulatum 
infection of the terminal ileum and colon (1/70, 1%).

Laboratory Data Review

Elevated serum IgE was found in all but one subject and this subject had an elevated serum 

IgE in the past. Peripheral eosinophilia was observed in 76% of subjects (53/70). 

Additionally, 25% of the cohort (18/70) had liver chemistry abnormalities, predominantly 

characterized by transaminitis (Supplemental Table 1).

Radiologic Findings

The most common radiologic finding was esophageal wall thickening, observed on chest 

CTs of 74% of patients (52/70). The wall thickening was characterized as mild in 60% 

(31/52), moderate in 35% (18/52), and severe in 6% (3/52) of patients.

Gastric and intestinal (small and large) bowel wall thickening was also observed, seen in 

11% (2/19) and 16% (3/19) of patients, respectively, on abdominal CT. There was also 

evidence of increased echogenicity of the liver parenchyma, suggestive of steatosis, on 

abdominal ultrasonography and CT, in 24% of patients (6/25). Other findings included 

gastric distension in 11% (2/19), diverticulosis in 5% (1/19), and moderate to extensive 

amounts of stool in the right colon in 63% (12/19) of patients.

Upper Gastrointestinal Tract Endoscopic Findings

Noteworthy, esophageal endoscopic findings included tortuosity in 39% of subjects (9/23) 

and esophageal ulcers in 26% (6/23). Significant upper esophageal strictures were seen in 

9% of subjects (2/23). Other findings suggestive of eosinophilic infiltration included 
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intramural diverticula (2/23, 9%), white plaques (2/23, 9%), esophageal rings (2/23, 9%), 

and linear furrows (1/23, 4%) [(Fig. 3).

In the stomach and duodenum, erythema was the most prevalent finding, present in 30% 

(7/23) and 17% (4/23) of patients, respectively (Supplemental Table 2). Gastric and 

duodenal ulceration was also common and observed in 17% (4/23) and 13% (3/23) of the 

cohort, respectively. Retained food and/or bilious fluid was found in the stomach or 

duodenum of 26% of the patients (6/23).

Lower Gastrointestinal Tract Endoscopic Findings

One subject had a perianal ulcer, internal hemorrhoids, and a sigmoid nodule, whereas 

another, with a family history of Crohn’s, had rectal erythema with ulcers. Other colonic 

findings included a perianal cyst and a subcentimeter sigmoid polyp. Two subjects had 

incomplete colonoscopies due to poor bowel preparation (Supplemental Table 3).

Histopathology Findings

The most impressive esophageal histologic finding was the presence of eosinophils, with 

greater than 15 eosinophils/hpf found in 65% (11/17) of the patients, as well as 

inflammation, found in 59% (10/17) of patients (Fig. 4). Other notable findings included 

varying degrees of papillary lengthening, basal cell hyperplasia, and lamina propria fibrosis 

(Supplemental Table 4).

Gastric, duodenal, and colonic mucosa were also found to have varying degrees of 

eosinophilic infiltration (Fig. 4). Greater than 20 eos/hpf were observed in 50% (7/14) of the 

gastric biopsies, 42% (5/12) duodenal biopsies, and 50% (3/6) colon biopsies (Supplemental 

Table 5).

Seven patients underwent clinically indicated liver biopsies. Although no identifiable pattern 

of abnormality was found, one of the patients, with evidence of increased liver echogenicity 

on imaging, was confirmed to have steatohepatitis on biopsy (Supplemental Table 6).

Analysis of Association Among Symptoms

An elevated peripheral eosinophil count was associated with dysphagia (p = 0.01), but not 

with high serum IgE (p = 0.5), eosinophilic infiltration of the esophagus (p = 1.0), or other 

GI symptoms (p = 0.2). Additionally, no correlation was found between elevated serum IgE 

and dysphagia, other GI symptoms or eosinophilic infiltration of the esophagus (p = 1.0, p = 

0.5, p = 0.3, respectively). Correlation was found between a history of food impaction and 

eosinophilic infiltration of the esophagus (p = 0.004).

Discussion

STAT3 deficiency presents primarily with dermatologic, infectious, and connective tissue 

complications, but its GI involvement has remained largely undefined. The existing literature 

is only limited to a small number of case reports describing GI infections and intestinal 

perforations [6, 7, 12–17].
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We found a high overall rate of eosinophilic infiltration throughout the GI tract. In the 

esophagus, > 15 eos/hpf were observed in 65% (11/17) of subjects, which is consistent with 

eosinophilic esophagitis (EoE) [18, 19]. This number was likely an underestimation as not 

all with symptoms had endoscopy and biopsies performed. Although GERD may explain 

some of the eosinophilic infiltration, the majority of endoscopies were performed while on 

acid suppression, and the high numbers of eosinophils seen was more consistent with EoE 

[21]. Chronic EoE also likely contributed to the esophageal rings, linear furrows, diverticula, 

and upper esophageal strictures seen. A correlation between esophageal eosinophilia and 

food impaction is also not surprising, as studies have shown that up to 10% of patients 

presenting with food impactions are ultimately diagnosed with EoE [24, 33]. The lack of 

association between peripheral and esophageal eosinophilia suggests a propensity for 

eosinophils to infiltrate the esophagus independent of peripheral levels [1]. This may be 

partially from fibrosis masking/replacing esophageal eosinophils, as one subject with three 

upper esophageal strictures had only rare eosinophils on pathology.

Multiple subjects also had evidence of underlying GI dysmotility and colonic perforation. 

The pathophysiology for these manifestations may be related to abnormal connective tissue 

remodeling and impaired mucosal healing in patients with STAT3 deficiency. Similar 

presentations have been observed in patients with known connective tissues disorders, 

including Marfan’s and Ehlers-Danlos Syndromes, which share clinical features with STAT3 

deficiency [8, 22, 23]. STAT3 signaling plays a role in the regulation of matrix 

metalloproteinases (MMPs), and subjects with STAT3 deficiency have been shown to have 

abnormal levels of MMPs [25–27]. In addition, impaired mucosal wound healing has been 

seen in murine models with deletion of STAT3 [28]. One subject who developed a colon 

perforation showed multiple ulcers at the site of perforation. Additionally, impaired mucosal 

healing may also explain the severity of the pathology on EGD compared to a relative 

paucity of clinical findings.

Mild transaminitis was also common, and radiologic findings suggestive of hepatic steatosis 

were found in six patients, with one confirmed to have steatohepatitis on biopsy. This 

suggests a possible correlation between STAT3 deficiency and fatty liver. However, it is also 

possible that the fatty liver could be related to obesity and metabolic syndrome, which has a 

higher prevalence in AD-HIES patients, though further studies are needed to look at this 

correlation more closely.

Other than one subject with a self-limited proctitis and a family history of Crohn’s disease, 

we found no other inflammatory bowel disease (IBD) in STAT3 deficiency despite severe 

colitis developing in STAT3 hematopoietic deficient mouse and presence of IBD in many 

other primary immunodeficiencies [30]. Furthermore, the recent description of severe colitis 

in subjects with IL-10 ligand and receptor deficiencies indicates a critical role for IL-10 in 

the control of gut inflammation, a pathway impaired in AD-HIES [29–31]. The absence of 

IBD may be explained by the absence of Th17 cells in STAT3 deficiency, as increased Th17 

cells have been observed in IBD [10].

Optimal therapy for these GI disorders remains to be determined. One subject was treated 

with swallowed fluticasone, resulting in a decrease of his esophageal eosinophil count, as 

Arora et al. Page 6

J Clin Immunol. Author manuscript; available in PMC 2021 June 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



well as resolution of dysphagia. However, the use of oral or topical corticosteroid therapy is 

limited in this population by the high risk of infection. The use of long-term acid 

suppression for GERD, both with proton pump inhibitors (PPIs) and H2 blockers, also needs 

to be weighed against the risk of osteoporosis [32]. The efficacy of some antifungal 

prophylactic therapy with azole medications, which are commonly prescribed to these 

subjects, may also be compromised when co-administered with PPIs.

To our knowledge, this is the first major review of GI symptoms, endoscopic abnormalities, 

and histopathological findings in STAT3 deficiency. It seems likely that these manifestations 

have been previously underappreciated [15]. GI symptoms are common in STAT3 

deficiency, particularly GERD (42%), dysphagia (32%), and abdominal pain (23%), and 

were found to be associated with a number of GI conditions, including gut dysmotility, 

bowel perforation, and eosinophilic esophagitis. This association indicates that the 

gastrointestinal tract is impacted by STAT3 signaling, suggesting that this organ system is 

important in further understanding of this disease entity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Study overview
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Fig. 2. 
STAT3-deficient subjects experience esophageal GI disease early in life
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Fig. 3. 
Endoscopic views of the esophagus: a upper esophageal strictures, b rings, c linear furrows, 

d diverticuli, and e white exudate
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Fig. 4. 
Esophageal biopsies (H&E, ×40) showing a intraepithelial eosinophilic infiltration (> 20/

hpf), b prominent subepithelial fibrosis and scattered eosinophilic infiltration (×10), c 
lamina propria with eosinophilic infiltration (×40), and d mixed inflammation in the 

subepithelial tissue (×20)
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Table 1

Study population demographics

Number of subjects (living) 70 (59)

Age—median (range) 29 (5–60)

Sex

 Female 41

 Male 29

Race

 Black 9

 Asian 3

 Caucasian 51

 Other
a 7

Mutation domain

 DNA domain 37

 SH2 domain 32

 Transactivation domain 1

Symptoms, N (%)

 GERD 29 (40)

 Odynophagia 4 (6)

 Dysphagia 22 (31)

 Abdominal pain 17 (24)

 Nausea 13 (19)

 Vomiting 15 (21)

 Constipation 10 (14)

 Early satiety 7 (10)

 Chest pain 6 (9)

 Diarrhea 5 (7)

a
Race mixed or unknown
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