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Abstract 

Background:  Hereditary hemochromatosis (HH) is widely recognized and clinical manifestations of hemochromato-
sis-related (HFE-related) HH is well studied in European populations. Less is known about the clinical and laboratory 
characteristics of non-HFE related HH in Asian population. We aimed to explore the relationship between genotype 
and clinical phenotype in Chinese patients with non-HFE related hereditary hemochromatosis.

Methods:  Peripheral blood samples and clinical data of patients with primary iron overload were collected from the 
China Registry of Genetic/Metabolic Liver Diseases. Sanger sequencing was performed in cases with primary iron 
overload, for 5 known HH related genes (HFE, HJV, HAMP, TFR2 and SLC40A1) and 2 novel iron homeostasis-related 
genes (DENND3 and SUGP2). The correlation of genotype and clinical phenotype in these patients was analyzed.

Results:  Of the 32 patients with primary iron overload (23 were males and 9 were females), non-HFE variants were 
detected in 31 (31/32, 97%), including 8 pathogenic variants in HJV, 7 pathogenic variants in SLC40A1, 8 likely patho-
genic variants in SUGP2 and 5 likely pathogenic variants in DENND3 cases. Among these 31 cases, 4 cases harbored 
homozygous variants, 2 cases harbored homozygous + heterozygous variants, 19 cases harbored heterozygous 
or combined heterozygous variants, and 6 cases harbored no any damaging variants. None of investigated cases 
carried damaging HAMP and TFR2 variants were found. 8 cases were classified as type 2A HH and 6 cases as type 4 
HH, 10 cases as non-classical genotype, and 6 cases had no pathogenic variants from 31 cases. During the statistical 
analysis, we excluded one case (SLC40A1 IVS3 + 10delGTT + SUGP2 p. R639Q(homo)) with difficulty in grouping due 
to combined damaging variants. Cases with type 2A HH have an earlier age at diagnosis (p = 0.007). The iron index 
of cases in type 2A HH and type 4 HH was higher than that in other groups (p = 0.01). Arthropathy was relatively rare 
in all groups. None of cases with type 2A HH developed cirrhosis. Cirrhosis and diabetes are more prevalent in type 
4 HH. The incidence of cirrhosis (p = 0.011), cardiac involvement (p = 0.042), diabetes (p = 0.035) and hypogonadism 
(p = 0.020) was statistically significant in the four groups. However, due to the limited sample size, the pairwise com-
parison showed no significant difference.
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Introduction
Hereditary haemochromatosis (HH) is an iron-storage 
disease, caused by mutations in genes involved of the 
regulation of iron homeostasis, resulting in excessive 
absorption and toxic accumulation of iron in the liver, 
pancreas, skin, heart, joints, and anterior pituitary gland 
[1]. In untreated individuals, iron overload can lead 
to liver fibrosis/cirrhosis, diabetes, skin pigmentation, 
heart disease, bone and joint disease, and hypogonadism. 
Hereditary hemochromatosis is associated with malig-
nancies, particularly hepatocellular carcinoma [2]. Early 
recognition, diagnosis and treatment for hemochromato-
sis can reduce iron deposition and prevent disease pro-
gression [3, 4].

There are 4 main types of HH that have been catego-
rized based on which proteins involved in iron homeo-
stasis are affected [5]. Type 1 HH is the most common 
form of HH in Caucasian populations, which is caused 
by homozygous p. C282Y or compound heterozygous 
p.C282Y/H63D mutations in HFE gene [6]. Type 2A, 
type 2B, type 3, and type 4 are associated with pathogenic 
defects in the hemojuvelin (HJV), hepcidin (HAMP), 
transferrin receptor 2 (TFR2) and ferroportin (SLC40A1) 
genes, respectively [7]. Mutations in the HFE, HJV, 
HAMP and TFR2 genes result in an autosomal reces-
sive form of HH, whereas mutation in the SLC40A1 gene 
results in an autosomal dominant form of HH [7].

The majority of HH cases are related to non-HFE 
genes in Asian countries [8, 9]. In addition, some novel 
gene variants related to the regulation of iron homeosta-
sis have been identified in Chinese HH patients. In our 
previous study, SUGP2 p. R639Q, BMP4 p. R269Q, and 
DENND3 p. L708V were first identified in HH patients 
[10].

However, less is known about the clinical features and 
genetic correlation of non-HFE HH in Asian popula-
tions. Therefore, in the present study, we investigated 
the genetic characteristics and relationship between 
genotype and phenotype of non-HFE HH in a cohort of 
patients with HH in China.

Methods
Patients
Patients with iron overload were enrolled from the 
China Registry of Genetic/Metabolic Liver Diseases 
(CR-GMLD, Clinical trials. gov: NCT03131427) since 
October 2014. This study was approved by the Clinical 

Research Ethics Committee of Beijing Friendship Hos-
pital, Capital Medical University (No. 2016-P2-061-01). 
Informed and written consent was obtained for the study 
from all patients.

The inclusion criteria were based on the American 
Association for the Study of Liver Diseases 2011 practice 
guidelines on hemochromatosis [6, 11]: (1) elevated fer-
ritin (> 300  ng/mL in men and postmenopausal women 
or > 200 ng/mL in premenopausal women) and/or trans-
ferrin saturation (TS) ≥ 45%; (2) iron overload in the liver 
and/or spleen on magnetic resonance imaging (MRI) of 
the liver or liver histology.

The exclusion criteria: (1) alcoholic liver disease, 
chronic hepatitis B or C, or other chronic liver disease; 
(2) iron-overloading anemia; (3) parenteral iron overload.

Clinical and laboratory profiles
The following information were included in the studies: 
Sex; Age at diagnosis; laboratory data: serum ferritin (SF, 
a surrogate marker of storage iron), transferrin satura-
tion (TS, the ratio of iron on transferrin); liver chemis-
try including ALT, AST, GGT, TBIL and ALB; clinical 
features at presentation: (a) liver fibrosis or cirrhosis, (b) 
skin pigmentation, (c) arthritis or arthropathy, (d) cardiac 
involvement (including cardiomyopathy), (e) diabetes or 
hyperglycemia, (f ) hypogonadism.

Screening for gene variants
Genomic DNA was extracted from whole blood using a 
Genomic DNA Purification Kit (Qiagen, Valencia, CA). 
All exons of known HH related genes (HFE, HJV, HAMP, 
TFR2 and SLC40A1) and exons with mutations in the 
novel iron homeostasis-related genes (DENND3 p.L708V 
and SUGP2 p.R639Q), were PCR-amplified with their 
associated boundary regions using primers described in 
our previous studies [10].

PCR amplification was performed in an ABI Veriti 96 
PCR cycler (Applied Biosystems, MA, USA). PCR prod-
ucts were sequenced in forward and reverse orientations 
using an automated ABI 3730 DNA sequencer (Applied 
Biosystems). Three predictors, Polyphen-2 (http://​genet​
ics.​bwh.​harva​rd.​edu), SIFT (http://​sift.​jcvi.​org/) and 
Mutation Taster (http://​www.​mutat​ionta​ster.​org/), were 
used to predict the functional consequence of the identi-
fied variants.

We defined pathogenic or likely pathogenic variants 
as those variants meeting one of the following criteria 

Conclusions:  This is the first comprehensive analysis about the gene variant spectrum and phenotypic aspects of 
non-HFE HH in China. The results will be useful to the identification, diagnosis and management of HH in China.
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[12–14]: (1) the variants had previously been reported in 
the literature; (2) the variants were present in the HGMD, 
dbSNP, and ClinVar databases; (3) functional effect pre-
dictors predicted to be “damaging” by at least two of the 
three prediction tools were considered to be pathogenic 
variants; (4) the terms were used by standards and guide-
lines for the interpretation of sequence variants.

Statistical analysis
We used SPSS software V.26.0 to conduct all statistical 
comparisons. Continuous variables were presented as the 
mean ± standard deviation and compared using one-way 
ANOVA and LSD-t test, while continuous non-paramet-
ric variables were presented as median ± interquartile 
range and compared using Kruskal–Wallis ANOVA test. 
Discontinuous variables were compared using chi-square 
test and Fisher’s exact test. p Values of less than 0.05 was 
considered to be statistically significant.

Results
Clinical profiles of the enrolled patients
Thirty-two patients with primary iron overload from 
the CR-GMLD were recruited to screen for genetic vari-
ants in known HH-related genes and novel iron home-
ostasis-related genes. All the probands with primary 
iron overload were validated by liver biopsy and/or MRI 

examinations. Demographic characteristics of patients 
with non-HFE HH are shown in Table 1.

Gene variants distribution
We found that genetic variants forms of Chinese patients 
with primary iron overload are mainly non-HFE-related 
combined heterozygous variants. 1 case (3.13%) carried 
combined heterozygous HFE p.C282Y/71X pathogenic 
variants. 8 cases (25%) carried HJV pathogenic vari-
ants, among which 4 cases carried homozygous patho-
genic variants in HJV gene, including p. Q6H, p. F103L, 
p. Q312X and p. C321X. 7 (21.88%) cases with SLC40A1 
pathogenic variants, 8 (25%) cases with SUGP2 likely 
pathogenic variants, 5 (15.63%) cases with DENND3 
likely pathogenic variants. None of damaging or prob-
ably damaging variants for HAMP and TFR2 was iden-
tified in any cases. Representative predicted pathogenic 
variants and allele frequency of HH included in this study 
are shown in Table 2. Representative pedigree analysis of 
four families are shown in Fig. 1.

Among these 31 non-HFE HH cases, 4 cases har-
bored homozygous variants, 2 cases harbored homozy-
gous + heterozygous variants, 19 cases harbored 
heterozygous or combined heterozygous variants, and 6 
cases harbored no damaging variants. Genetic character-
istics of patients with HH are shown in Table 3.

Table 1  Demographic characteristics of patients in in different groups with HH

HH without P or LP variants* = HH without pathogenic or likely pathogenic variants, SF = serum ferritin,

TS = transferrin saturation, ALT = alanine transaminase, AST = aspartate aminotransferase,

GGT = γ-glutamyltransferase, TBIL = total bilirubin, ALB = albumin; Statistically significant differences are denoted as (a) compared to HJV. Statistically significant 
differences are denoted as (b) compared to SLC40A1

Characteristic Total (32) HJV (n = 8) SLC40A1 (n = 6) SUGP2 or DENND3 (n = 10) HH without P 
or LP variants* 
(n = 6)

p

Male, n (%) 23(71.9) 6 (75) 4 (66.7) 8 (80) 4 (66.7) 0.897

Age, y 45.07 ± 15.94 (18–79) 30.13 ± 12.12 56.33 ± 6.83 a 48.30 ± 16.99 a 48.33 ± 12.55 a 0.007

SF, ng/ml 2631.0 (1115.95, 6371.25) 6153(3246.5,6922.5) 5917.6
(2061.8,9333.8)

972 ab (670.3,2467.1) 1267
(1033.8,10129.7)

0.010

TS, % 92.30 (81.30,96.10) 94.85
(92.25,97.5)

92.25
(60.43,95.75)

85.0(58.5,96.7) 88.35(70.6,93.5) 0.210

ALT, U/L 72.0 (30.0,104.0) 99.5(67.3,12) 78.5(39.5,141.3) 31(22.5,44.5) 72(18.5,121.5) 0.161

AST, U/L 62.8 (34.6,103.0) 92(64.4,121.0) 60.4(37.6,111.8) 33.4(22.9,48.5) 72(20.7,124.3) 0.051

GGT, U/L 42 (27.00,72.0) 48(34.3,75) 38(19.8,278.3) 29.9(26.5,58.5) 56(22.5,403) 0.622

TBIL, μmol/L 37.88 ± 43.86 17.56 ± 8.85 18.79 ± 10.72 64.14 ± 62.59 a 51.25 ± 48.90 0.094

ALB, g/L 40.30 ± 8.33 43.98 ± 10.12 38.88 ± 3.87 39.14 ± 9.42 37.96 ± 7.58 0.540

Cirrhosis 11 0 5 4 2 0.011

Skin pigmentation 13 4 4 2 3 0.281

Arthropathy 2 1 1 0 0 0.540

Cardiac involvement 5 3 0 0 2 0.042

Diabetes 11 3 5 1 2 0.035

Hypogonadism 9 5 3 1 0 0.020
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Grouping of non‑HFE HH
Patients with non-HFE related HH were divided into four 
groups in the study, HJV HH (Type 2A HH), SLC40A1 
HH (Type 4B HH), SUGP2 or DENND3 variants HH and 
No pathogenic or likely pathogenic variants HH groups, 
based on the pathogenic variants identified in these 
cases. Demographic and laboratory characteristics of the 
four groups of HH cases are shown in Table 1.

Among the 31 cases with non-HFE related HH, 2 
cases (the first is SLC40A1 p. Y333H + SUGP2 p. R639Q, 
the second is SLC40A1 IVS3 + 10delGTT + SUGP2 
p. R639Q(homo)) carried two different pathogenic 
or likely pathogenic variants. The first was grouped 
into the SLC40A1 HH due to the definite pathogenic-
ity of SLC40A1 p. Y333H. Previous functional studies 
showed that the SLC40A1 p. Y333H variant was associ-
ated with gain-of-function of ferroportin and caused 
iron overload and organ damage [15]. The second car-
ried two likely pathogenic variants. This patient was a 
48-year-old female with SF 7078  ng/ml and TS 99.7%. 
Liver biopsy suggested that iron deposition was pre-
dominant in hepatocytes, MRI suggested iron overload 
in liver and spleen, and gene test suggested SLC40A1 
IVS3 + 10delGTT + SUGP2 p. R639Q(homo) combined 

likely pathogenic variants. We excluded this patient due 
to difficulty in grouping. Therefore, we finally analyzed 
the remaining 30 cases.

Genotype and phenotype associations in different types 
of non‑HFE HH
HJV HH (Type 2A HH)
There were more males than females in HJV HH, the 
ratio of males and females was 3:1. Mean age at diagno-
sis of this group of patients was the lowest (30 years) in 
the four types. Totally, 62.5% of the patients had hypo-
gonadism, half of them developed skin pigmentation, 
37.5% had both cardiac involvement and diabetes. Only 
one case developed arthropathy. None of patients in HJV 
HH developed cirrhosis.

ALT and AST (median 99.5 and 92 U/L) levels 
increased in this group. GGT (median 48 U/L), TBIL 
(mean 17.6 μmol/L) and ALB (mean 44.0 g/L) levels were 
normal. The median SF (6153  ng/ml) and TS (median 
95%) levels were highest in four types.

SLC40A1 HH (Type 4B HH)
There were more males than females in SLC40A1 HH, the 
ratio of males and females was 2:1. Mean age at diagnosis 

Fig. 1  Representative pedigree analysis of four families. A Pedigree chart of family HH8. The patient (HH8) harbored homozygous variations of 
HJV p.C321X and HJV p.Q6H, which were inherited from their father and mother. B Pedigree chart of family HH10. The patient (HH10) harbored 
compound heterozygous variations of SLC40A1 p.Y333H and SUGP2 p.R639Q. C Pedigree chart of family HH13. The patient (HH13) harbored a single 
heterozygous variation of SLC40A1 p.Y333H, which was inherited from their mother. D Pedigree chart of family HH9. The patient (HH9) harbored 
compound heterozygous variations of SLC40A1 p.N144D and TFR2 p.R336H
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Table 3  Genetic characteristics of 32 patients in HH cases

NO Age Gender SF (ng/ml) TS (%) Iron deposition on liver 
biopsy

Iron overload on MRI Known HH-related genes Iron homeostasis -related 
genes

1 26 M 7004 92.0 Predominant in hepato-
cytes

Liver HJV p.Q6H/C321X/I281T –

2 28 M 6269 95.4 Predominant in hepato-
cytes

Liver, pancreas HJV p.Q6H/C321X/I281T –

3 22 F 2995 89.1 Predominant in hepato-
cytes

Liver, pancreas HJV p. Q312X (homo) –

4 18 M 6678 100 Predominant in hepato-
cytes

ND HJV p.Q6H/C321X/H104R –

5 57 M 4001 93.0 Predominant in hepato-
cytes

Liver HJV p.Q6H/C321X/V274M –

6 36 F 2000 96.0 Predominant in hepato-
cytes

Liver HJV p. F103L (homo) –

7 30 M 11,555 98.0 ND Liver, spleen, pancreas HJV p. Q6H(homo)/ C321X 
(homo)

–

8 24 M 6037 94.3 ND Liver, pancreas HJV p. Q6H(homo)/C321X 
(homo)

–

9 57 F 5886.1 71.1 Hepatocytes and reticu-
loendothelial cells

Liver, spleen, pancreas SLC40A1 p. N144D –

10 66 F 1446.2 92.7 ND Liver, spleen, pancreas SLC40A1 p. Y333H SUGP2 p. R639Q

11 48 M 2267- 91.8 ND Liver, spleen, pancreas SLC40A1 p. V511I –

12 58 M 5949 28.4 Predominant in hepato-
cytes

Liver, spleen SLC40A1 p. v162del –

13 49 M 7445 97.0 Predominant in hepato-
cytes

Liver, spleen SLC40A1 p. Y333H –

14 60 M 15,000 94.0 Predominant in hepato-
cytes

Liver, spleen, pancreas SLC40A1 p. Y333H –

15 79 M 493.8 97.1- ND Liver, pancreas – SUGP2 p. R639Q

16 63 M 3868 97.7 Predominant in hepato-
cytes

Liver, spleen – SUGP2 p. R639Q

17 67 M 1102 92.3 Predominant in hepato-
cytes

Liver, spleen – DENND3 p. L708V(homo)
SUGP2 p. R639Q

18 28 M 738 46.4 Predominant in hepato-
cytes

ND – DENND3 p. L708V

19 38 F 843 96.2 Predominant in hepato-
cytes

ND – DENND3 p. L708V

20 53 F 1402 49.0 Predominant in hepato-
cytes

Liver, spleen – SUGP2 p. R639Q

21 46 M 2000 85.0 ND Liver, spleen – SUGP2 p. R639Q

22 45 M 685 - Predominant in hepato-
cytes

ND – DENND3 p. L708V

23 33 M 626 68.0 Hepatocytes and reticu-
loendothelial cells

ND – SUGP2 p. R639Q

24 31 M 6000 81.0 ND Liver – DENND3 p. L708V

25 66 F 12,703- 91.7 Predominant in hepato-
cytes

Liver, spleen, pancreas – –

26 50 F 9272 81.6 Predominant in hepato-
cytes

Liver, spleen, pancreas – –

27 53 M 1121 37.6 Predominant in reticuloen-
dothelial cells

Liver, spleen – –

28 53 M 773 96.8 Predominant in hepato-
cytes

Liver – –

29 31 M 1220 92.4 ND Liver, spleen, pancreas – –

30 37 M 1316 85.0 ND Liver, spleen – –

31 48 F 7078 99.7 Predominant in hepato-
cytes

Liver, spleen SLC40A1 IVS3 + 10delGTT​ SUGP2 p. R639Q(homo)

32 28 M 2153 91.7 Predominant in hepato-
cytes

Liver HFE p.C282Y/R71X –
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of this group of patients was the highest (56 years) in the 
four types. Totally, 83.3% of the patients had both cir-
rhosis and diabetes, 66.6% had skin pigmentation, half of 
them had hypogonadism. Only one case had arthropa-
thy. None of patients in SLC40A1 HH developed cardiac 
diseases.

ALT and AST (median 78.5 and 60.4 U/L) levels 
increased in this group. GGT (median 38 U/L), TBIL 
(mean 18.9  μmol/L), and ALB (mean 38.9  g/L) levels 
were normal. The median SF level was 5918 ng/ml. The 
median TS was 92%.

SUGP2 or DENND3 variants HH
There were more males than females in SUGP2 or 
DENND3 HH, the ratio of males and females was 4:1. 
Mean age at diagnosis of this group of patients was 
48 years. Totally, 40% of the patients had cirrhosis, 20% 
had skin pigmentation, 10% had both diabetes and hypo-
gonadism. None of patients in SUGP2 or DENND3 HH 
developed arthropathy and cardiac diseases.

ALT (median 31 U/L), AST (median 33.4 U/L), GGT 
(median 29.9 U/L), and ALB (mean 39.1 g/L) levels were 
normal in this group. TBIL (mean 64.1  μmol/L) levels 
were higher than other groups. The median SF level was 
972 ng/ml. The median TS level was 85%.

HH without pathogenic or likely pathogenic variants
There were more males than females in HH without path-
ogenic or likely pathogenic variants, the ratio of males 
and females was 2:1. Mean age at diagnosis of this group 
of patients was 48 years. Totally, 50% of the patients had 
skin pigmentation, 33.3% had cirrhosis, 33.3% had both 
cardiac diseases and diabetes. None of patients devel-
oped arthropathy and hypogonadism.

ALT and AST (median 72 and 72 U/L), TBIL (mean 
51.3 μmol/L) levels increased in this group. GGT (median 
56 U/L) and ALB (mean 38.0  g/L) levels were normal. 
The median SF level was 1267  ng/ml. The median TS 
level was 88%.

There were more males than females in all groups 
(Fig.  2A). The age at diagnosis was statistically different 
between HJV HH and SLC40A1 HH groups (p = 0.001), 
between HJV HH and SUGP2 or DENND3 HH groups 
(p = 0.008), between HJV HH and HH without patho-
genic or likely pathogenic variants groups (p = 0.018), 
while the comparison between other groups was not 
statistically significant (Fig. 2B). The incidence of cirrho-
sis (p = 0.011), cardiac involvement (p = 0.042), diabetes 
(p = 0.035) and hypogonadism (p = 0.020) was statisti-
cally significant in the four groups. However, due to the 
limited sample size, the pairwise comparison showed 
no significant difference (Fig.  3). HH without P or LP 

Table 3  (continued)
HH = Hereditary hemochromatosis, ND = not done

Fig. 2  Gender and age at diagnosis of patients with non-HFE-related HH. A Gender and B Age at diagnosis are shown for patients with HJV HH, 
SLC40A1 HH, SUGP2 or DENND3 HH and HH without pathogenic or likely pathogenic variants. Graphs A show the ratios of males and females in 
the four groups. Variables were compared using chi-square test and Fisher’s exact test. There are no statistical differences between the groups. 
Graphs B show percentage of patients at different age stages (< 30Y, 30-50Y, > 50Y). Variables were compared using one-way ANOVA and LSD-t test. 
Statistically significant differences are denoted as (a) compared to HJV 
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variants* = HH without pathogenic or likely pathogenic 
variants.

TBIL levels were significantly higher in SUGP2 or 
DENND3 HH when compared to HJV HH groups 
(p = 0.032). There was no significant difference about 
other liver function indices in the four groups. SF lev-
els increased greatly in all the four groups. There were 
statistical differences between HJV HH and SUGP2 or 
DENND3 HH groups (p = 0.002), between SLC40A1 HH 
and SUGP2 or DENND3 HH groups (p = 0.01), while the 
comparison between other groups was not statistically 
significant. TS increased greatly in all HH groups, with a 
median TS of 92% in all cases.

Discussion
The present study demonstrated that the pathogenic gene 
of HH in China was mainly non-HFE genes, which is dif-
ferent from that in Caucasians. We only found one case 
carried combined heterozygous HFE p.C282Y/71X path-
ogenic variant in our study, which has been reported in 

our previous study [16]. The remaining 31 cases are non-
HFE-related HH, especially in HJV and SLC40A1 genes. 
This suggests that type 2A HH and type 4 HH are major 
forms of HH in Chinese populations. Also, we analyzed 
the correlation of the genotype and clinical phenotype of 
these HH patients.

In the present study, cases with HJV-related HH had 
an earlier age at diagnosis and more severe iron load. In 
contrast, SLC40A1 HH, SUGP2 or DENND3 HH and HH 
without pathogenic or likely pathogenic variants occur 
relatively late, rarely before the age of 30. Furthermore, 
most of the patients with HJV HH had heart failure as 
the first symptom, whereas there was no cirrhosis in HJV 
HH. A meta-analysis showed that cardiomyopathy is gen-
erally seen in individuals with much greater degrees of 
iron overload [17]. This is in line with the previous report 
that a much earlier and more serious deposition of iron 
in the heart in HJV HH [18]. However, the exact mecha-
nism for the severer heart disease than the liver disease in 
HJV HH is still not clear.

Fig. 3  Clinical characteristics at diagnosis of patients with non-HFE-related HH. The presence or absence of clinical characteristics was determined 
in all patients with genetic diagnosis of HJV HH, SLC40A1 HH, SUGP2 or DENND3 HH and HH without pathogenic or likely pathogenic variants. A 
Cirrhosis, B Skin pigmentation, C Arthropathy, D Cardiac involvement, E Diabetes and F Hypogonadism at diagnosis are shown for subjects in 
the four groups. Variables were compared using chi-square test and Fisher’s exact test. Differences in clinical characteristics with Cirrhosis, Cardiac 
involvement, Hypogonadism were statistically significant in the four groups. However, due to the limited sample size, the pairwise comparison 
showed no significant difference
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We also found cases with SLC40A1 HH had higher 
prevalence of cirrhosis and diabetes in this studies, 
which may be related to the severe iron overload and 
the late onset age of SLC40A1 HH. Firstly, higher fer-
ritin levels are independently associated with prevalent 
diabetes [19]. Some studies showed that increased fer-
ritin was associated with increased risk of type 2 dia-
betes after adjustment for conventional risk factors for 
diabetes [20]. This relationship between iron and dia-
betes was also found in gestational diabetes and pre-
diabetes [21, 22]. Secondly, age is known to be a risk 
factor for diabetes. The older age may increase the 
more chances of developing cirrhosis and diabetes than 
HJV HH. In addition, severe iron overload in pancreas 
was observed in some patients, which may be associ-
ated with the onset of diabetes.

In our previous study, function study showed that 
silencing SUGP2 expression downregulated the level 
of HAMP expression, and a decrease in the level of 
p-SMAD1/5 and TFR2 was observed in the Huh-7 cell 
line transfected with the DENND3 and DENND3 p. 
L708V constructs [10]. In the present study, cases with 
SUGP2 or DENND3 HH group showed lower involve-
ment of skin pigmentation, arthropathy, cardiac dis-
eases, diabetes and hypogonadism, when compared to 
HJV HH group; and lower prevalence of cirrhosis when 
compared to SLC40A1 HH group. This may be due to 
the lower accumulation of iron in SUGP2 or DENND3 
HH group than HJV HH group and SLC40A1 HH 
group. Therefore, we may infer that the pathogenicity of 
SUGP2 or DENND3 gene variants is weaker than those 
in HJV or SLC40A1 gene.

It is worth noting that HH without pathogenic or 
likely pathogenic variations were identified in 6 cases, 
suggesting that pathogenic variants may exist in other 
HH-related genes. The second-generation sequencing 
for those unexplained HH cases would be justified.

Overall, our data showed that there were more men 
than women among these patients with different non-
HFE genotypes. Relevant studies have found that the 
onset age of female patients is usually later than that of 
male patients [23]. The prevalence of high serum fer-
ritin levels is higher in males than in females. We think 
the appearance of symptoms may also be associated to 
other non-genetic factors, such as alcohol and high-fat 
diet, and it may explain the protective effect against 
hemochromatosis by the fact that menstruation delay 
iron accumulation in women [23]. We found that in the 
HJV HH, SLC40A1 HH and HH without pathogenic or 
likely pathogenic variants groups, about half of cases 
had skin pigmentation, whereas arthropathy occurred 
in only two cases. This is consistent with the previous 

reports that skin pigmentation is more prevalent and 
arthropathy is rare in non-HFE HH compared to HFE 
HH [18, 24].

Studies have shown that there is significant positive 
correlations of SF with TS, ALT and AST [25]. The iron 
overload of type 2A and type 4 HH was higher than that 
of the other two groups. From the liver function tests in 
this study, ALT and AST increased in type 2A and type 
4 HH. The rising trend of ALT/AST and SF in this study 
was consistent with the results of Barton J C [25].

Obviously, this study had some limitations. Firstly, the 
relatively small number of patients included preclude 
the conclusive correlation of genotype and phenotype. 
Secondly, we mainly focused on pathogenic or likely 
pathogenic variants and did not include the numer-
ous combined heterozygous variants which might also 
confer various degree of pathogenicity. Thirdly, we did 
not analyze the histopathological characteristics, due to 
lack of liver biopsy in some patients.

Conclusions
In conclusion, this study suggested variants in non-HFE 
genes were the main pathogenic genes in Chinese HH 
patients. Cases with HJV-related HH had an earlier age 
at diagnosis and the more severe iron load, whereas 
more cases with SLC40A1 HH had cirrhosis and diabe-
tes. SUGP2 and DENND3 were likely pathogenic vari-
ants for HH in China.
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