
1 
 

BRIEF REPORT 

 

Apoptotic enteropathy, gluten-intolerance and IBD-like inflammation associated with lipotoxicity in 

DGAT1-deficiency-related diarrhea. A case report of a 17-year-old patient and literature review. 

Ellen Deolet1, MD, Bert Callewaert2, MD, PhD, Jeroen Geldof3, MD, Stephanie Van Biervliet4, MD, PhD, 

Saskia Vande Velde4, MD, PhD, Jo Van Dorpe1, MD, PhD, Myriam Van Winckel4, MD, PhD, Anne 

Hoorens1, MD, PhD 

 

Short title: Apoptotic enteropathy in DGAT1-related diarrhea. 

 

1 Department of Pathology, Ghent University Hospital, Ghent 9000, Belgium. 

2 Center for Medical Genetics, Ghent University Hospital, Ghent 9000, Belgium. Department of 

biomolecular medicine, Ghent University, Ghent 9000, Belgium. 

3 Department of Gastroenterology and Hepatology, Ghent University Hospital, Ghent 9000, Belgium.  

4 Department of Paediatric Gastroenterology, Ghent University Hospital, Ghent 9000, Belgium. 

 

Ellen Deolet: ellen.deolet@uzgent.be ORCID 0000-0002-5914-2463 

Bert Callewaert: bert.callewaert@ugent.be  ORCID 0000-0002-9743-4205 

Jeroen Geldof: jeroen.geldof@ugent.be ORCID 0000-0003-0126-2929 

Stephanie Van Biervliet: stephanie.vanbiervliet@uzgent.be ORCID 0000-0001-5609-3726 

Saskia Vande Velde: saskia.vandevelde@uzgent.be ORCID 0000-0002-7885-0836 

Jo Van Dorpe: jo.vandorpe@uzgent.be  ORCID 0000-0001-8175-2930 

Myriam Van Winckel: myriam.vanwinckel@ugent.be ORCID 0000-0003-2750-2417 

Anne Hoorens: anne.hoorens@uzgent.be ORCID 0000-0002-0736-2034 

 

 

mailto:ellen.deolet@uzgent.be
mailto:bert.callewaert@ugent.be
mailto:jeroen.geldof@ugent.be
mailto:stephanie.vanbiervliet@uzgent.be
mailto:saskia.vandevelde@uzgent.be
mailto:jo.vandorpe@uzgent.be
mailto:myriam.vanwinckel@ugent.be
mailto:anne.hoorens@uzgent.be


2 
 

Corresponding author 

Anne Hoorens, MD, PhD, Professor, Head of Clinic 

Dept. of Pathology, Ghent University Hospital, C. Heymanslaan 10, 9000 Gent, Belgium.  

E-mail anne.hoorens@uzgent.be 

Tel. : +32 9 332 36 76 

Fax. : +32 9 332 49 65 

 

Acknowledgements 

The authors thank Ann Nuyts, Sükrü Karanfil and all the other technicians involved in this project for 

their excellent technical assistance in TEM and immunohistochemistry. 

 

Word count (excluding abstract and references): 1418 

  

mailto:anne.hoorens@uzgent.be


3 
 

Abstract 

We present a long-term follow-up in a 17-year-old girl with DGAT1-related diarrhea, an autosomal 

recessive disorder characterized by impaired triglyceride absorption. Neonatal presentation included 

severe congenital diarrhea, protein-losing enteropathy and failure to thrive requiring total parenteral 

nutrition. Duodenal biopsies revealed apoptotic enteropathy and acute inflammation with the 

presence of macrophages and Touton giant cells, related to the intake of fat. She was able to switch to 

enteral nutrition on a fat-free diet. However, at age 10 she developed gluten-induced enteropathy and 

then IBD-like inflammation five years later. Immunohistochemistry was able to confirm the diagnosis, 

while DGAT1 sequencing remained inconclusive. This highlights the role of histopathology and 

immunohistochemistry, despite the increasing importance of genetic analysis in the diagnostic work-

up. This report also illustrates that parenteral nutrition weaning is possible in DGAT1-related diarrhea, 

but gut barrier dysfunction might increase the risk of autoimmune intestinal disease. 

 

Key words 

DGAT-1 mutation, congenital diarrhea, protein losing enteropathy, apoptotic enteropathy, Touton 

giant cell, autoimmune intestinal disease 

  



4 
 

Introduction 

Congenital diarrheal disorders (CDDs) include defects in digestion and absorption, enterocyte 

structure, neuroendocrine differentiation and intestinal immune homeostasis [8]. Deficiencies in 

digestion and absorption of carbohydrates, proteins or fat account for the majority of CDDs [3, 8]. 

DGAT1-related diarrhea, an autosomal recessive disorder first described in 2012, impairs triglyceride 

absorption [6, 8]. DGATs (acyl CoA:diacylglycerol acyltransferases) convert diacylglycerides to 

triglycerides by adding an acyl-CoA moiety, a crucial and final step in triacylglycerol synthesis. DGAT1 

and DGAT2 accommodate for nearly all triglyceride synthesis [1, 2, 5]. DGATs are integral membrane 

proteins of the endoplasmic reticulum [1]. DGAT1 is highly expressed in the gut and plays an important 

role in the absorption of triglycerides in the small intestine [2]. Diarrhea may result from gut barrier 

dysfunction due to cytotoxicity caused by the dysregulated fatty acid metabolism with accumulation 

of free fatty acids in the cytoplasm of the enterocytes. DGAT2 is not expressed in the human gut, but 

is important in the liver where it produces triglycerides from fatty acids synthesized de novo or 

absorbed from the bloodstream [2]. Disease severity relates to the residual function of DGAT1 [4, 5, 7, 

9-11, 13-15]. However, clinical variability within the same family has been reported. 

We describe the disease evolution and histopathology of a 17-year-old patient with DGAT1-deficiency 

and provide an overview of reported histological findings. 

Timeline 

A 6-week-old girl was referred for severe congenital diarrhea, protein-losing enteropathy and failure 

to thrive, refractory to semi-elemental and elemental formula diet. Diarrhea subsided when enteral 

feeding was discontinued. Duodenal biopsies at 3 months and 2 years, and ileum and rectal biopsies 

at 5 months, while receiving TPN only, showed no significant histopathological changes. 

At about 2.5 years, hemophagocytic syndrome was suspected. No bone marrow biopsy was 

performed. Liver biopsy failed to confirm hemophagocytosis, but showed clusters of macrophages with 

a vacuolated cytoplasm indicating intracytoplasmic lipid droplets. Some lipid droplets were located 

extracellularly. Though the significance of this finding was not clear at the time, intravenous lipids were 

limited. Immunodeficiency could not be confirmed as the cause of her CDD.  

As it was noted that accidentally drinking soda and fruit juice did not cause diarrhea, enteral feeding 

was partially reintroduced at the age of 3. She developed vomiting and watery, non-bloody diarrhea, 

found to be related to fat intake through the gastrostomy tube and it became clear that she tolerated 

carbohydrates and proteins, but that her gastrointestinal complaints were related to the intake of both 

saturated and unsaturated fats. When symptomatic, a duodenal biopsy showed focal villous blunting 
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with erosions adjacent to a regenerative surface epithelium, and a pseudomembrane with apoptotic 

cells attached to the surface. The crypts showed also numerous apoptotic cells (Fig. 1A and Fig.1B). 

There was no increase in intraepithelial lymphocytes and only a mild increase in inflammatory cells in 

the lamina propria (Fig. 1A). Immunohistochemistry for CMV was negative. PAS diastase staining and 

CD10 immunohistochemistry revealed a brush border interrupted only at erosions and rare CD10-

positive intracytoplasmic dots. EpCAM immunohistochemistry showed preserved epithelial 

membranous staining.  

With fat-free formula, she was weaned from TPN. However, she had developed a marked food 

aversion, requiring a gastrostomy until age 6. Oral feeding with a strict low-fat diet supplemented with 

essential fatty acids was introduced slowly. 

At age 10, she noticed diarrhea and abdominal pain unrelated to fat intake. Workup revealed markedly 

elevated anti-tissue transglutaminases (> x10). Bulbar duodenal biopsies showed blunted villi with an 

increase in intraepithelial lymphocytes. Distal duodenal biopsies were normal. Celiac disease was 

suspected and on a gluten-free diet her gastro-intestinal complaints decreased.  

At age 17, the clinical picture was further complicated by anorexia nervosa. At about the same time, 

more pronounced abdominal cramps and diarrhea with intermittent bloody stools appeared, likely 

associated with ingestion of small amounts of fat. Faecal calprotectin was elevated. Gastric biopsies 

showed focally enhanced gastritis, and duodenal biopsies revealed crypt hyperplasia with partial villus 

atrophy with few intraepithelial lymphocytes and no apoptosis, but with infiltration of 

polymorphonuclear cells in the lamina propria, cryptitis and crypt abscesses. The lamina propria 

additionally showed aggregates of macrophages and multinucleated giant-cells, including Touton giant 

cells (Fig. 1C). Lower endoscopy showed colitis with ulceration. Ileal biopsies showed limited focal 

active ileitis and colon biopsies diffuse chronic colitis with crypt distortion, basal plasmacytosis, 

erosions, cryptitis and crypt abscesses. This combination of findings were suggestive of Crohn’s 

disease, while the clinical picture was more consistent with ulcerative colitis. During treatment, she 

first developed azathioprine-related toxic hepatitis and then infliximab-induced autoimmune 

hepatitis-like syndrome. No lipid-laden macrophages were observed in the liver biopsy at that time. 

Due to suspicion for DGAT1-related diarrhea, exome sequencing with a targeted analysis of a 

congenital diarrhea panel identified a paternally inherited likely pathogenic variant in DGAT1 ( 

NM_012079.4: c.629_631del, p(Ser210del), exon 7). This variant has been identified in 17/280928 

alleles in GnomAD, is predicted pathogenic by multiple in silico prediction programs, and has been 

previously reported in patients with DGAT1-related diarrhea [5, 7, 13]. However, a second variant 

could not be identified on the other allele, despite complete coverage of all exons and exon-intron 
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boundaries, exome-depth analysis and copy number variation sequencing. Immunohistochemistry for 

DGAT1 (monoclonal antibody, clone A-5, sc-271934, Santa Cruz, CA, US, dilution 1/800) however 

showed total loss of DGAT1 expression in the gut and liver (Fig. 2). 

Discussion 

We report the clinical course of a girl with DGAT1-deficiency. Molecular analysis could reveal only one 

pathogenic variant [5, 7, 13]. Since obligate carriers are asymptomatic, a non-coding variant was 

probably missed. Immunohistochemistry confirmed complete loss of DGAT1-expression in the gut 

epithelial cells and in hepatocytes, consistent with biallelic DGAT1 inactivation.  

A wide range of histopathological findings has been reported in DGAT1-deficiency-related diarrhea, 

ranging from normal histology, mainly on a fat-free diet, to acute colitis with presence of macrophage 

aggregates (Table 1) [4, 5, 9, 10, 13, 14]. 

When on TPN alone, the biopsies in our patient were within normal limits. Enteral fat was associated 

with severe damage to the duodenal mucosa with villus blunting and erosions with neutrophilic 

infiltration into the lamina propria, and pronounced crypt epithelial cell apoptosis. This adds DGAT1-

deficiency-related diarrhea to the apoptotic enteropathies [12]. Interruption of CD10 staining in areas 

of erosion, along with the presence of rare CD10-positive dots in enterocytes, may explain why this 

condition has been mistaken for microvillus inclusion disease [13]. At the time of symptom flare-up, 

associated with ingestion of small amounts of fat, duodenal biopsies revealed villus blunting without 

apoptosis or increase in intraepithelial lymphocytes, and with severe acute inflammation with 

presence of aggregates of macrophages and multinucleated giant-cells, including Touton giant cells, 

likely related to the inability to digest fat. We hypothesize that the type and amount of dietary fat may 

determine the variability of anomalies seen on biopsy. Pronounced apoptosis and mucosal sloughing 

can occur with high exposure to fat, while limited exposure allows uptake of diacylglycerol and free 

fatty acids, with subsequent release into the lamina propria from damaged enterocytes and 

accumulation in foamy macrophages and Touton giant cells. However, nutritional deficiency due to 

inability to absorb fat or anorexia nervosa, medication, and coincident IBD or celiac disease may have 

complicated the histopathological picture. 

The liver contained aggregates of macrophages with a vacuolated cytoplasm suggesting 

intracytoplasmic lipid droplets. This may relate to compensatory increased triglyceride syntheses in 

the liver associated with intravenous administration of fatty acids taken up in the liver. Macrophages 

containing lipid droplets were not observed in a liver biopsy taken during enteral feeding, supporting 

this hypothesis. 
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The development of celiac disease and IBD-like inflammation may link to gut barrier dysfunction. 

Although yet unconfirmed in other patients described in the literature, with albeit much shorter 

follow-up, vigilance is warranted for an increased risk of autoimmune bowel disease in DGAT1-

deficiency. It cannot be excluded that some patients with atypical presentation of celiac disease or IBD, 

are patients with DGAT1-deficiency with less severe disturbance of fat metabolism. Genetic testing is 

cumbersome and not widely available, but this condition can be easily ruled out by DGAT1 

immunohistochemistry. 

Conclusion 

This report of DGAT1 deficiency highlights the role of histopathology and immunohistochemistry, 

despite the increasing importance of genetic analysis in the diagnostic work-up. 

Immunohistochemistry was able to confirm the diagnosis of DGAT1-related CDD, while DGAT1 

sequencing remained inconclusive. It demonstrates that it is worthwhile investigating in 

immunohistochemistry, even for rare diseases. Long-term follow-up in DGAT1-related CDD moreover 

illustrates that parenteral nutrition weaning is possible, but highlights a potential risk of autoimmune 

induced bowel disease. Early diagnosis is important as it may prevent food aversion later in life.  
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Table 1: Gastro-intestinal histopathologic and electron microscopy findings associated with DGAT1 

mutation in all until January 31, 2022 reported patients. 

Patient Diet at biopsy Endoscopy  Light microscopy Electron Microscopy Reference 

1 NR NR Duodenum: focal villus atrophy, no 
increased inflammation in lamina 
propria, no increase in intraepithelial 
lymphocytes 

Duodenum: focal 
distorted/separated microvilli, 
slight dilatation ER, increase in 
lysosomes 

[6] 

2 Breast milk/soy 
formula 

NR Duodenum: focal villus atrophy, no 
increased inflammation in lamina 
propria, no increase in intraepithelial 
lymphocytes 

Duodenum: focal 
distorted/separated microvilli, 
slight dilatation ER, increase in 
lysosomes 

[6] 

3 NR Upper GI: NL NR NR [11] 

4 NR NR NR NR [11] 

5 NR NL NL NR [11] 

6 NR NL NL NR [11] 

7 NR NL NL NR [4] 

8 NR NL NL NR [4] 

9 1st biopsy: NR NL Esophagus : mild chronic 
inflammation 
Stomach: mild chronic inflammation  
Duodenum: focal foveolar metaplasia 
Colon: focal acute colitis with 
cryptitis 

NR [9] 

 2nd biopsy: 
TPN + AA formula 

NL NL NL  

10 NL diet NL Duodenum: villus blunting, patchy 
foveolar metaplasia 
Loss of immunostaining for DGAT1 
and loss of CD10 at villus tips 
Redistribution of junctional markers 

Clustered microvilli 
interspersed with areas of NL 
brush border. Unusual 
granules with heterogeneous 
contents below apical 
membranes 

[10] 

11 Lactose-free/ AA 
formula 

Upper + 
lower GI: NL 

NL 
Duodenum, ileum, colon: loss of 
immunostaining for DGAT1 

NL [13] 

12 NL diet Upper GI: NL  NL 
Duodenum, ileum, colon: loss of 
immunostaining for DGAT1 

NR [13] 

13 NL diet Upper + 
lower GI: NL 

Duodenum: marked villus flattening Lipid accumulation in 
enterocytes, lack of  microvilli 

[13] 

14 NL diet Upper + 
lower GI: NL 

NL NR [13] 

15 AA formula Upper GI: NL NL NR [13] 

16 AA formula Upper + 
lower GI: NL 

Duodenum: focal vacuolization, 
partially blunted villi 
Colon: NL 

NR [13] 

17 Fat-free diet Upper + 
lower GI: NL 

NL NR [13] 

18 Fat-free diet Upper + 
lower GI: NL 

NL NL [13] 

19 TPN Upper + 
lower GI: NL 

Duodenum: cytosolic CD10 positive 
globules 

Laterally located microvilli [13] 

20 TPN Upper + 
lower GI: NL 

Idem patient 19 Idem patient 19 [13] 

21 NR NR NR NR [15] 

22 NR NR NR NR [15] 

23 Elemental formula NR Duodenum: villous atrophy NL [5] 

24 NR NR NR NR [5] 

25 NR NR NR NR [5] 

26 NL diet NR Stomach: eosinophilia and 
lymphohistiocytic inflammation 
Colon:: idem 

NR [5] 

27 1st biopsy: soy 
formula 

NR Duodenum: villous blunting and non-
specific chronic inactive duodenitis 

NR [7] 
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 2nd biopsy: TPN NR Duodenum: partial villous blunting, 
crypt hyperplasia, enterocyte 
vacuolization 

NL  

28 AA formula or 
eH formula 

Upper GI: 
Slightly flat 
villi in 
descending 
duodenum 

Antrum: slight inflammation 
Duodenum (descending part): 
chronic mucosa inflammation 

NR [14] 

29 1st biopsy TPN NL NL Slightly separated microvilli Present 
case 

 2nd biopsy 
TPN + NL diet 

NL Duodenum: focal villous blunting, 
erosions, pseudomembrane, crypt 
apoptosis 

ND  

 3rd biopsy 
Fat-free diet with 
TPN 
supplementation 

Villus atrophy Stomach: NL 
Duodenum bulbus:  villous blunting, 
increase in intra-epithelial 
lymphocytes and in inflammatory 
cells in the lamina propriaa 

Distal duodenum: NL 

ND  

 4rd biopsy 
Gluten-free/fat- 
free diet, no TPN 

Upper GI: NL 
Terminal 
ileum: NL 
Colon: colitis, 
edema, 
ulceration 

Esophagus: NL 
Stomach: focally enhanced gastritisb  
Duodenum: partial villus atrophy, 
crypt hyperplasia, few intra-epithelial 
lymphocytes, cryptitis and crypt 
abscesses, aggregates of 
macrophages and multinucleated 
giant-cells, including Touton-like 
giant cells in lamina propria 
Terminal ileum: limited focal activeb 

Colon: diffuse active chronic colitisb 

 
 
Separated microvilli, dilatation 
of endoplasmic reticulum 

 

 5th biopsy 
Gluten-free/fat- 
free diet, no TPN 

Lower GI: NL Colon: NL ND  

NR = Not reported or not clear from the information provided in the paper 
ND = Not done 
NL = Normal 
AA formula = Amino acid formula 
eH formula = Extensively hydrolyzed formula 
a Clinical findings and biopsy findings compatible with celiac disease 
b Clinical findings and biopsy findings compatible with ulcerative colitis 
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Legend to the figures 

Fig. 1  

 

A. Duodenal biopsy demonstrating focal blunting of microvilli with erosions next to a multilayered 

regenerative surface epithelium. An inflammatory pseudomembrane with numerous apoptotic cells is 

attached to the surface (fine arrow). There is no increase in intra-epithelial lymphocytes and only a 

mild increase in inflammatory cells in the lamina propria. Basally in the crypts a prominent increase in 

apoptotic epithelial cells is observed (thick arrow).   

B. Basal crypts with numerous apoptotic cells (arrowheads).   

C. Duodenal biopsy with Increase in inflammatory cells in the lamina propria with a prominent 

component of polymorphonuclear cells and cryptitis (arrowhead). The lamina propria shows 

aggregates of macrophages and multinucleated giant-cells, including Touton giant cells (rectangle). 

D. Higher magnification of a Touton giant cell in E. marked with a rectangle, demonstrating the foamy 

cytoplasm. 
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Fig. 2  

 

DGAT1 immunohistochemistry: ileum (left), colon (middle), and liver (right); patient (bottom) 

compared to control tissue (top); DGAT1 expression is completely lost in the patient 
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