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Acrodermatitis enteropathica (AE, OMIM 201100) is a rare autosomal recessive 
dermatosis characterized by periorificial dermatitis, diarrhea, alopecia, and 
hypozincaemia due to pathogenic variants of SLC39A4. Herein, we present a 
case series describing four unrelated patients with AE from Han, Yi, and Tibetan 
ethnicities in Sichuan region of southwestern China, speculate the hotspot 
variants of SLC39A4 causing AE in Sichuan region and highlight physicians should 
be alerted to unusual presentations of AE, such as the absence of hypozincaemia 
and the presence of acne-like lesions. Serum alkaline phosphatase and genetic 
testing should be  considered to accurately evaluate the zinc deficiency in 
human body and help make the correct diagnosis.
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1 Introduction

Acrodermatitis enteropathica (AE, OMIM 201100) is a rare autosomal recessive skin 
disease characterized by periorificial dermatitis, diarrhea, and alopecia. It is usually associated 
with hypozincaemia due to the defect in ZIP4 zinc transporter encoded by SLC39A4. Two 
Tibetan patients with AE from Sichuan region of southwestern China had been previously 
reported by our group (1, 2). Herein, we added another four patients from Han, Yi, and 
Tibetan families in Sichuan region and reported the unusual presentations in AE.

2 Case reports

2.1 Case 1

An 18-year-old man, born to non-consanguineous, healthy Han parents, presented with 
papules and pustules on the face and extremities since the age of 4 years. Physical examination 
revealed erythema, papules, pustules, crusts and scars on the face, trunk and periorificial region 
(Figures 1A,B). Diarrhea and hair loss were absent. He was repeatedly diagnosed with “acne” 
in local hospitals, but the anti-acne treatment with minocycline achieved no improvement. The 
serum zinc level was 103.8 μmol/L (normal 76.5–170.0 μmol/L), while the serum alkaline 
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phosphatase level was only 41 IU/L (lower than the normal range of 
45–125 IU/L). Sanger sequencing was performed using the genomic 
DNA of the patient and his parents. The patient was found to carry a 
24-bp heterozygous deletion in exon 9 and intron 9 (c.1452_1474 + 1del 
TGAGCCCAGGAGACTGAGCCCAGG) and a heterozygous splicing 
variant in intron 7 (c.1288-1G > A) of SLC39A4 (RefSeq NM_130849.4). 
His father and mother were found to be  heterozygous for 
c.1452_1474 + 1del TGAGCCCAGGAGACTGAGCCCAGG and 
c.1288-1G > A, respectively (Figure 1C). Thus, the diagnosis of AE was 
established. After 7 weeks of continuous treatment with a single oral 
zinc sulfate (50 mg three times daily), his skin lesions almost completely 
disappeared (Figures 1D,E) and the serum level of alkaline phosphatase 
increased to 90 IU/L.

2.2 Case 2

The patient was a girl aged 1 year and 10 months, the fourth child 
of second-degree consanguineous parents with Yi ethnicity 
(Figure 2A; IV: 4). Her parents reported erythema and crusts appeared 
on her periorificial areas accompanied with alopecia and chronic 

diarrhea since 4 months after birth. Her older brother had a history of 
similar lesions and alopecia, but had already died at the age of 3 years 
(Figure 2A; IV: 3). Physical examination revealed well-demarcated 
erythema and crusts on her hands, feet, extensor surface of the knees 
and in the perioral, periocular, perigenital, and perianal regions 
(Figures 2B–D). Her serum zinc level was 0.13 mg/L (normal 0.76–
1.50 mg/L) and the serum alkaline phosphatase level was only 22 IU/L 
(normal 128–432 IU/L). Sanger sequencing analysis showed the 
patient carried a homozygous c.295G > A (p.Ala99Thr) in exon 2 of 
SLC39A4 (RefSeq NM_130849.4) (Figure  2E). Considering the 
diagnosis of AE, zinc supplementation at 3 mg per kg-body-weight 
was started, which led to complete remission after 2 weeks.

2.3 Case 3

An 8-month-old Tibetan boy was referred to our department for 
evaluation of exanthema on the face and anogenital regions, which had 
developed approximately 4 months after birth. He had diarrhea, hair loss 
and irritability. There was no history of any consanguineous marriage 
in the family. Examination revealed well-demarcated erythema and 

FIGURE 1

Clinical manifestations and variants of SLC39A4 in patient 1 with AE. (A,B) Generalized pustules on the face and trunk prior to the treatment. 
(C) Heterozygous deletion of TGAGCCCAGGAGACTGAGCCCAGG in exon 9 and the adjoining intron 9 in patient 1 and his father. Heterozygous 
splicing variant c.1288-1G  >  A in intron 7 in patient 1 and his mother. (D,E) Marked relief of the lesions after 7  weeks of zinc supplementation.

https://doi.org/10.3389/fmed.2024.1399511
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Li and Wang 10.3389/fmed.2024.1399511

Frontiers in Medicine 03 frontiersin.org

crusts on the neck, flexor side of the lower extremities and in the 
perioral, periocular, perigenital, and perianal regions (Figures 3A,B). 
Laboratory data were within normal limits except for reduced serum 
zinc 28.44 μmol/L (normal 33.5–84.54 μmol/L). The detection of serum 
alkaline phosphatase was not performed. Sanger sequencing of SLC39A4 
(RefSeq NM_130849.4) revealed that the patient was compound 
heterozygous for maternal c.1462_1474 + 1del AGACTGAGCCCAGG 
in exon 9 and intron 9 and paternal c.1110insG in exon 6 (Figure 3C). 
Both variants have been reported to be pathogenic (1, 3). The patient 
showed marked improvement after 2 weeks of oral zinc supplements.

2.4 Case 4

A 10-year-old Tibetan girl presented with eczematous lesions in 
the perioral, perigenital, and perianal regions accompanied with 
diarrhea since 7 months after weaning. No alopecia was observed. She 
had been diagnosed with AE and the skin lesions had been almost 
disappeared with oral zinc supplements when she came to our 
department. The patient’s serum zinc level and serum alkaline 
phosphatase were not detected. No consanguinity was reported in the 
family. Sanger sequencing of all exons and their flanking intronic 
regions of SLC39A4 (RefSeq NM_130849.4) identified a homozygous 
c.1110insG variant in the patient (Figure 3D).

3 Discussion

SLC39A4 have been found to be responsible for the development 
of AE (1). Pathogenic variants of SLC39A4 would impair the zinc 
absorption of the ZIP4 transporter in the small intestine, leading to 
the zinc deficiency, further resulting in various clinical manifestations, 
such as skin dermatitis, alopecia, diarrhea, growth retardation, and 
neuropsychiatric symptoms (4). To date, 14 cases with SLC39A4 

variants have been found in AE patients from China in the literature, 
including four cases described here (Table 1) (1–10). Among them, 
more than half (n = 8, 57.14%) were from Sichuan region of 
southwestern China, indicating it may be one of the high AE incidence 
areas. In addition, not all of them simultaneously have the classic triad 
of skin dermatitis, alopecia, and diarrhea. Growth retardation and 
neuropsychiatric symptoms were found in a few patients with AE.

A total of 15 SLC39A4 variants have been reported in AE patients 
from China, almost half of which, seven variants, were found in Sichuan 
region (Table  1). Unlike other areas, some variants, including 
c.295G > A, c.1110insG and c.1462_1474 + 1del AGACTGAGCCCAGG, 
were repeatedly identified in Sichuan region. In particular, the 
c.1462_1474 + 1del AGACTGAGCCCAGG variant was exclusively 
identified in Tibetan ethnicity. Given the enclosed environment and 
prevalence of consanguineous marriage in this region, besides hotspot 
variants, we consider the founder effect is likely to exist.

Acrodermatitis enteropathica is typically manifested by 
periorificial dermatitis and usually associated with hypozincaemia. 
However, a few patients could exhibit some atypical lesions, such as 
generalized pustules and blisters mimicking infectious diseases, or 
plaques resembling psoriasis and palmoplantar keratoderma (1, 11, 
12). Moreover, serum zinc level could be normal in a minority of 
patients with AE (7). As in this study, the skin lesions of patient 1 
presented with erythema, papules, pustules, and scars on the face and 
trunk, which were so much like acne. In addition, his serum zinc level 
was normal but the serum alkaline phosphatase level was low. The 
acne-like lesions improved obviously and serum alkaline phosphatase 
level increased to the normal range after administration with a single 
regimen of zinc sulfate. Under this condition, patients with low serum 
alkaline phosphatase level presenting acne-like lesions should raise a 
high suspicious of atypical AE. Detection of zinc-dependent 
metalloenzyme serum alkaline phosphatase, a more sensitive and 
precise parameter for the assessment of zinc deficiency, is very 
essential to help make a correct diagnosis.

FIGURE 2

Clinical findings and the variant of SLC39A4 in patient 2 with AE. (A) Pedigree of the Chinese Yi family of patient 2. (B–D) Erythema and crusted lesions 
in the periorificial region and extensor surface of the knees. (E) Homozygous missense variant of c.295G  >  A in exon 2 of patient 2 and heterozygous 
variant for her parents.
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4 Conclusion

Overall, in this study, a total of five variants of SLC39A4, including 
two unreported before, was identified in four unrelated patients with 
AE from three different ethnicities in Sichuan region of southwestern 
China. The three recurrent variants, c.295G > A, c.1110insG, and 

c.1462_1474 + 1del AGACTGAGCCCAGG, seem to be  hotspot 
variants of SLC39A4 in patients with AE from Sichuan region. Of note, 
the c.1462_1474 + 1del AGACTGAGCCCAGG variant was exclusively 
identified in Tibetan ethnicity, implying a founder effect is likely to 
exist. Sichuan region of southwestern China may be one of the high 
AE incidence areas. Unusual acne-like lesions developed in a Han 

FIGURE 3

(A,B) Clinical findings of patient 3 showed well-demarcated erythema and crusted lesions in the neck, feet, periorificial region, and flexor surface of the 
lower legs. (C) Heterozygous deletion of AGACTGAGCCCAGG in exon 9 and the adjoining intron 9 of SLC39A4 in patient 3 and his mother. 
Heterozygous frame-shift variant of c.1110insG in exon 6 of SLC39A4 in patient 3 and his father. (D) Homozygous frame-shift variant of c.1110insG in 
exon 6 of SLC39A4 in patient 4.
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TABLE 1 Summary of cases of AE with the SLC39A4 variant from China.

Case Year Authors Sex Age of 
onset

Origin History of 
consanguinity

Family 
members 
have 
similar 
symptoms

Clinical manifestations Serum 
zinc 
level

Serum 
alkaline 
phosphatase 
level

SLC39A4 variants

Skin 
lesions

Alopecia Diarrhea Other 
symptoms

1 2008 Wang et al. 

(1)

F 3 months Sichuan 

(Tibetan)

Yes Older brother Atypical 

(generalized 

pustules)

Yes Yes No Low Low Homozygous for c.1462_1474 + 1del 

AGACTGAGCCCAGG (exon 9 and 

intron 9)

2 2010 Li et al. (5) F 5 months Jiangsu Yes No Typical No Yes No Low Not detected Homozygous for c.1115 T > G (exon 6)

3 2014 Gao et al. 

(6)

M Infancy Jiangsu No No Typical No Yes Growth 

retardation

Low Low Compound heterozygous for c.831G > A 

(exon 5) and c.1617delA (exon10)

4 2016 Zhou et al. 

(2)

F Several 

months 

after birth

Sichuan 

(Tibetan)

Yes Older brother 

and sister

Typical Yes Yes No Low Not detected Homozygous for c.1462_1474 + 1del 

AGACTGAGCCCAGG (exon 9 and 

intron 9)

5 2017 Mou et al. 

(3)

M Several 

days after 

birth

Sichuan 

(Han)

Yes No Typical Yes Yes Anorexia, 

apathia

Low Not detected Compound heterozygous for c.1110InsG 

(exon 6) and c.958C > T (exon 5)

6 2019 Wu et al. 

(7)

F 2 months Guangdong Yes Two brothers 

and two sisters

Typical Yes No No Normal Low Homozygous for c.106C > T (exon 1)

7 2020 Zhou et al. 

(8)

M 3 days Guangdong No No Typical No Yes No Low Not detected Homozygous for c.948delC (exon 5)

8 2020 Zhong et al. 

(4)

M 12 months Guangdong No Twin brother Typical No No Apathia Normal Normal Compound heterozygous for c.926G > T 

(exon 5) and c.976 + 2 T > A (intron 5)

9 2022 Li et al. (9) F 3 months Hunan No Younger 

brother

Typical Yes No No Normal Not detected Homozygous for c.1456delG (exon9)

10 2022 Hua et al. 

(10)

F 1 year Sichuan 

(Han)

No No Typical Yes No No Low Not detected Compound heterozygous for c.1466dupT 

(exon 9) and c.295G > A (exon 2)

11 2024 Present 

patient 1

M 4 years Sichuan 

(Han)

No No Atypical 

(acne-like 

pustules)

No No No Normal Low Compound heterozygous for 

c.1452_1474 + 1del 

TGAGCCCAGGAGACTGAGCCCAGG 

(exon 9 and intron 9) and c.1288-1G > A 

(intron 7)

12 2024 Present 

patient 2

F 4 months Sichuan 

(Yi)

Yes Older brother Typical Yes Yes No Low Low Homozygous for c.295G > A (exon 2)

13 2024 Present 

patient 3

M 4 months Sichuan 

(Tibetan)

No No Typical Yes Yes Irritability Low Not detected Compound heterozygous for 

c.1462_1474 + 1delAGACTGAGCCCAGG 

(exon 9 and intron 9) and c.1110insG 

(exon 6)

14 2024 Present 

patient 4

F 7 months Sichuan 

(Tibetan)

No No Typical No Yes No Not 

detected

Not detected Homozygous for c.1110insG (exon 6)

AE, Acrodermatitis enteropathica; F, Female; M, Male.
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patient with a normal serum zinc level, which highlights the diversity 
of clinical manifestations of AE. Serum alkaline phosphatase and 
genetic tests are necessary for evaluating the zinc deficiency in human 
body and helping make the correct diagnosis. In this study, some 
limitations should not be neglected, especially the small sample size. 
Therefore, more works are needed to verify our findings based on 
larger sample size in the future.
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