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Abstract: Complex forms of diabetes are the ultimate
common pathway involving multiple genetic variations
and multiple environmental factors. Type 2 diabetes
(T2DM) is classified as complex diabetes. Varying degrees
of insulin deficiency and tissue insulin resistance are two
key links to T2DM. The islet β cell dysfunction plays
a crucial role in the pathogenesis of T2DM. The decompen-
sation of the islet β cell to insulin resistance is a common
mechanism leading to the pathogenesis of T2DM. Available
data show that genetic factors mainly affect cell function.
At present, a number of susceptibility genes related to
T2DM have been reported at home and abroad. In this
study, the diabetes-related genes in the case of early-onset
diabetes with a significant family history were examined,
and our results showed the presence of the intron muta-
tions of catalase (CAT) gene and hepatocyte nuclear factor
1β (HNF1β) gene. The patient enrolled in this study was
observed and analyzed, thus, increasing further under-
standing of the genes associated with diabetes and
exploring the pathogenesis of diabetes from the mole-
cular level. This is significant for guiding the prevention,
treatment, and prognosis evaluation of diabetes.
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1 Introduction

Diabetes mellitus has become a major disease, impacting
greatly on the lives and health of patients. Moreover,
diabetes is a common chronic disease in older patients.
Worldwide, 425 million adults have diabetes, with the
highest prevalence of diabetes among those aged 65–79
years [1]. Diabetes involves multiple genetic variants and
environmental factors. These pathways involve insuffi-
cient insulin secretion or insulin resistance through pan-
creatic β-cell tissue. Type 2 diabetes (T2DM) is a complex
form of diabetes and is reported to be related to some
susceptible genes.

2 Case presentation

2.1 Introduction and medical history

The patient was a 28-year-old woman, an only child,
delivered normally and spontaneously, and her parents’
marriage was nonconsanguineous. She was born with a
weight of 3.5 kg, developed obesity in early childhood,
and had normal intelligence. At the age of 18 years, the
patient was admitted to a local hospital for “cellulitis of
the right lower limb,” during which hyperglycemia was
detected. Her fasting blood glucose was 10.5 mmol/L
at the time, and she was diagnosed with “T2DM.” There
was no diabetic ketoacidosis at the time of the diagnosis.
All the antibodies of glutamic acid decarboxylase anti-
body (GADA), Islet cell antibody (ICA), and insulin auto-
antibody (IAA) were negative. In the early stage of the
disease, she was treated with oral hypoglycemic drugs
such as metformin and gliclazide irregularly, without
strict lifestyle intervention, and her blood glucose control
was poor, up to 32.9 mmol/L. At the age of 24 years, the
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patient repeatedly suffered from “diabetic ketoacidosis”
and “diabetic ketosis” and began insulin treatment. The
patient’s daily dose of insulin ranged from 40 to 50 units, and
her blood glucose control was not ideal (16.0–20.0mmol/L).
Then, the patient developed peripheral neuropathy symp-
toms such as cooling, numbness, and needle-pricking pain.
Meanwhile, clinical urine protein (5.0 g/24 h) was found in
the patient at the age of 25 years. At this time, she was also
diagnosed with diabetic kidney disease and dyslipidemia.
One year later, there was a rise in her serum creatinine
(108 µmol/L) and hypoalbuminemia with no evidence of
autoimmune nephropathy or glomerulonephritis and normal
levels of anti-nuclear antibody, anti-neutrophellol cyto-
plasmic antibody, Complement 3, Complement 4, rheu-
matoid factor, uric acid, C-reactive protein, and serum
immunoglobulin. One year later, the patient had edema on
both lower limbs and hypertension and began to take
antihypertensive drugs (nifedipine controlled-release tablets,
30mg oral qd).

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies, and in accordance with the tenets of
the Helsinki Declaration, and has been approved by the
authors’ institutional review board or equivalent committee.

2.2 Family history

Her grandfather, father, mother, and aunt had diabetes
(Figure 1). Her father was diagnosed with diabetes in his
40s and died of lung cancer. Her mother was diagnosed
with diabetes in her 30s–40s and died of renal failure.
Her aunt, father, and mother were all obese. In the early
years of the disease, their clinical manifestations were
not prominent, and they were treated with oral hypogly-
cemic drugs. However, their management of diabetes
was lax, which may have contributed to the early onset
of complications. Except for the deceased grandfather,
whose medical history could not be traced, all were diag-
nosed with T2DM in the local hospital. Unfortunately,
however, examination and test data for their diagnosis
are not available.

2.3 Physical examination

The patient had a clear mind, normal intelligence, normal
development, a height of 161 cm, a bodyweight of 85 kg, a
body mass index of 32.79 kg/m2, uniformity of obesity,
mild facial edema, no obvious positive signs in cardio,
pulmonary, or abdominal examinations, symmetrical
moderate edema in both lower limbs, and symmetrical
pulsation of the dorsal artery in the feet.

Figure 1: Genetic pedigree of the proband.
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2.4 Laboratory examination

The patient’s biochemical indicators were tested, and an
insulin and C-peptide release test was performed to eval-
uate the level of C-peptide secretion. Multiple laboratory
findings were abnormal. The patient’s fasting blood glucose
was 11.7mmol/L (normal reference values 3.9–6.0mmol/L),
glycosylated hemoglobin was 9.1% (4.0–6.0%), creatinine
was 307 µmol/L (44–97 µmol/L), glomerular filtration rate
was 22.67mL/min (80–120mL/min), serum cystatin C was
3.0mg/L (0.5–1.1mg/L), hemoglobinwas 111 g/L (120–150g/L),
albumin was 22.2 g/L (35–55 g/L), triglyceride was 4.47mmol/L
(0.23–1.69 mmol/L), total cholesterol was 6.83 mmol/L
(2.86–5.98mmol/L), low-density lipoprotein cholesterol
was 4.04mmol/L (0.90–3.10mmol/L), urine ketone body
was positive, and 24 h urine protein was 10.37 g/24 h
(<0.15 g/24 h). GADA, ICA, and IAA were all negative.
The patient’s insulin and C-peptide release test showed
that there was a certain level of C-peptide secretion, but
the peak disappeared, indicating that the function of the
islet β cell was relatively damaged (Table 1).

2.5 Imaging examination

Ultrasound: Fatty liver, no abnormality was found in
either of the patient’s kidneys, her heart size was normal,
her diastolic function decreased, and atherosclerosis was
found in both lower extremities. Examination of the
ocular fundus: diabetic retinopathy was found in both
of the patient’s eyes (stage 3). The patient objected to
renal biopsy, so the renal pathological results could not
be obtained, and diabetic nephropathy could not be diag-
nosed definitely.

2.6 Diagnosis

1. Diabetes (T2DM, more likely); 1.1 Diabetic ketoses, 1.2
Diabetic peripheral neuropathy, 1.3 Diabetic kidney disease
(stage V), and 1.4 Diabetic retinopathy (stage 3). 2.

Hypertension level II (very high risk); 3. Dyslipidemia;
4. Hypoproteinemia.

2.7 Genetic detection methods

DNA was extracted from the patient’s peripheral blood
by using the column method. Through sequencing tech-
nology, direct sequencing was performed on a variety of
gene exon coding regions, which were compared with
reference sequences to find possible gene mutations.
The bioinformatics analysis method used included the
analysis of missense mutations: PolyPhen2 (polymorphism
type); sorting intolerant from tolerant, likelihood ratio
test, mutation taster, mutation assessor, functional analysis
through hidden Markov models; genomic evolutionary rate
profiling; Phylop; and SiPhy and the analysis of splicing
changes: NetGene2 Server, AUGUSTUS.

2.8 Genetic detection results

The detection results of the genes: a G to A substitution at
the fifth position of intron 4 (a splicing mutation) was
found in the catalase (CAT) gene, and a G to A substitution
at the third position of intron 5 (a splicing mutation) was
found in the HNF1β gene (Table 2 and Figures 2 and 3).

3 Discussion

3.1 The CAT gene and diabetes

CAT is one of the key enzymes in the biological anti-
oxidation defense enzyme system. It can promote the
decomposition of H2O2 into molecular oxygen and water
and remove H2O2 from the body to protect the cells
from the toxicity of H2O2. In addition to its recognized
oxidant action, CAT can be used as a physiological signal
transduction molecule [1]. CAT is expected to modulate

Table 1: The level of blood glucose, insulin and C-P (steamed bread meal test)

Fasting 1 h 2 h

Blood glucose (mmol/L) 11.7 20.3 17.6
Insulin (uIU/mL) 10.10 (0.86–11.03) 46.63 (10.54–61.03) 40.22 (1.02–41.05)
C-peptide (ng/mL) 2.58 (0.52–4.38) 2.97 (3.58–13.27) 3.01 (1.20–11.36)
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the H2O2-dependent signal transduction pathway by aff-
ecting the cell level of hydrogen peroxide. To a certain
extent, CAT content in tissues or plasma can reflect the
state of oxidative stress and the antioxidant capacity of
the organ. A growing number of studies have confirmed
the correlation between oxidative stress and insulin resis-
tance in obesity and T2DM [2–6]. Excessive free radical
production or inadequate free radical scavenging for any
reason can lead to the rise of free radicals, which, in turn,
can lead to lipid peroxidation stress injury that is asso-
ciated with the pathophysiological process of diabetes.
Cellular antioxidant activity, including CAT, may be key
to this process [7]. So far, there have been many studies
on the correlation between single nucleotide polymorph-
isms (SNP) in the CAT gene and diseases, suggesting that
genetic variations in CAT and its promoters are risk factors
for a variety of cardiometabolic diseases [8], such as
diabetes, hypertension, dyslipidemia, and arterial aging
[9–12]. Decreased mRNA and protein expression of CAT

may enhance reactive oxygen species-induced cell damage
through the accumulation of H2O2 [13,14]. Several studies
showed that the activity of CAT in patients with diabetes
decreased significantly compared with healthy people
and led to microvascular complications (e.g., diabetic
retinopathy) in patients with diabetes [15–19].

In the present case, the CAT gene variations of the
proband were splicing mutation. According to the pre-
liminary analysis of cell function research and bioinfor-
matics software, the mutation significantly affects mRNA
splicing and is expected to cause changes in the splicing
site, resulting in the disorder of the encoded protein
and loss of its normal function. ESP6500siv2_ALL and
1000-thousand genome (1000g2015aug_ALL) database
are not included, while the dbSNP147 database is included
(rs761650208). In 1990, Wen et al. [20] detected the same
mutation in a Japanese-type acatalasemia, and the same
splicing site mutation was found in the genomic DNA of
another individual from an unrelated family. Themutation

Table 2: The results of gene detection

Gene Chromosomal location Transcription Position cDNA level Protein level Variation

CAT 11p13 NM_001752.3 Intron4 c.480 + 5G > A p. Heterozygosis Suspicious of pathogenic
HNF1B 17q12 NM_000458.3 Intron5 c.1206 + 3G > A p. Heterozygosis Meaning is unknown

Figure 2: The results of gene detection (CAT).

Figure 3: The results of gene detection (HNF-1β).
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was believed to be the most likely cause of Japanese-type
acatalasemia. Acatalasemia is a rare genetic deficiency in
humans that involves severe reductions in catalase activity
and is usually an autosomal recessive inheritance. Aca-
talasemia in humans is considered an asymptomatic
disease [21], and catalase-deficient mice are described
as being phenotypically normal [22]. Nevertheless, more
recent epidemiological studies show that human sub-
jects with acatalasemia have an increased risk of devel-
oping numerous pathologies, including altered lipid
and carbohydrate metabolism and T2DM [23–25].

Heit et al. [26] reported the CAT-knockoutmice showed
increased fasting insulin levels, abnormal glucose toler-
ance, and more enlarged islets of Langerhans. It was
predicted that CAT deficiency would adversely affect
lipid trafficking and glucose homeostasis by promoting
the accumulation of hydrogen peroxide and thereby eli-
citing oxidant damage or amplified signal transduction
pathways [26]. These results provide evidence for the
CAT gene being involved in insulin resistance and the
development of a pre-diabetic state.

The patient in this study and her parents were obese,
and she suffered from peripheral neuropathy, retino-
pathy, renal injury, and hypertension. Her mother had
early-onset diabetes complicated with severe renal injury
and eventually died of renal failure. So, it is speculated
that in addition to the impact of long-term hypergly-
cemia, increased oxidative stress and insulin resistance
related to genetic variation might be an enabling factor
in the development of diabetes and its complications.
Altogether, we consider this variation as a suspicious
pathogenic variation. Unfortunately, because the patient’s
parents had died, it was not possible to test their genes.

3.2 The HNF1β gene and diabetes

HNF1β is a member of the transcription factor superfamily
containing homologous domains, which plays an impor-
tant role in tissue-specific regulation of gene expression in
the liver, pancreas, kidney, intestines, reproductive tract,
and other organs, and also participates in the embryonic
development of these organs. Heterozygous mutations of
the HNF1β gene can lead to abnormalities of these organs,
manifesting as various renal and extrarenal phenotypes.
Their clinical manifestations can be isolated or multi-
system involvement, and the severity of clinical pheno-
types varies greatly among affected patients in the same
family [27–29].

It is also expressed in the pancreatic cells, and its
main target genes are pyruvate kinase, glucose trans-
porter glucose transport-2, and the insulin gene [30].
The HNF1β gene plays an important role in the primary
pathophysiology of T2DM. It was involved in the loss of
neurogenin-3 (Ngn3)-positive endocrine progenitor cells,
pancreatic atrophy, and reduced insulin sensitivity to
endogenous glucose production leading to the reduction
of insulin secretion [31]. Previous studies have shown
that HNF1β gene mutations may be involved in late-onset
common T2DM in addition to maturity-onset diabetes in
young patients 5 [32]. Some genome-wide association
studies revealed that several tag SNPs in the HNF1β
gene were associated with the susceptibility of T2DM
and such associations were well replicated in many coun-
tries [33–35]. Rs4430796 (A > G) in intron 2 of HNF1β is
the most frequent SNP in the Chinese population [36].
Huang et al. first reported that the rs11651052-A allele
increased the risk of T2DM by 1.26-fold compared with
the G allele. The study also provided evidence that age,
gender, BMI, smoking, and drinking status have an inter-
active effect with these variants on T2DM susceptibility
[37]. The research described HNF1β-related diabetes and
associated phenotypes and assessed genotype/pheno-
type correlations at diagnosis and in the long term. The
study showed that in a cohort of 201 adult patients with
HNF1β defects, diabetes was present in 159 patients. At
follow-up, 79% of patients were treated with insulin, 44%
had chronic kidney disease stage 3–4 (CKD3–4), 21% had
end-stage renal disease (ESRD), and 122 of 166 patients
had renal cysts. By multivariate analysis, CKD3-4/ESRD
at follow-up was associated with HNF1β mutation. Dia-
betes complications, cardiovascular risk factors, chronic
CKD3-4, and ESRD are highly prevalent in patients with
HNF1β syndrome [38]. Some researchers analyzed the
genotype–phenotype correlations in 14 pediatric patients
with HNF1β mutations. Genetic studies revealed that all
patients had bilateral renal abnormalities, primarily mul-
tiple renal cysts. Twelve patients exhibited progressive
renal functional deterioration, and diabetes developed
in five patients (36%) [39].

The gene variation in the present case was splicing
mutation, which is expected to cause changes in the
splicing sites and result in the disorder of the encoded
protein and loss of its normal function. However, no lit-
erature report was found on the HGMD database, and no
data were included in ESP6500siv2_ALL, dbSNP147, and
1000g2015aug_ALL. The preliminary analysis by bioin-
formatics software showed that the variation did not
affect mRNA splicing, but the predicted results were for
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reference only. Although this variation has not been
reported in the literature, in view of the correlation
between the HNF1β gene and diabetes and renal impair-
ment, it cannot be ruled out that it may be an important
factor in promoting early-onset diabetes and nephro-
pathy. We examined the patient’s ultrasound but found
no renal cysts. However, her kidney function is signifi-
cantly impaired. In general, it is not clear that this varia-
tion is a pathogenic gene, and its clinical significance
needs to be studied further. At diabetes diagnosis, the
presence of morphological or functional kidney disease
may help etiological diagnosis. Genotype/phenotype cor-
relations may have implications for the care and prog-
nosis of these patients.

4 Conclusion

At present, the incidence of diabetes is occurring at a
younger age in patients, the proportion of early-onset
diabetes is higher, the incidence of diabetic microvas-
cular disease is higher, and familial aggregation is more
common. Therefore, the detection and screening of dia-
betes-related genes in patients and relatives with a sig-
nificant family history of diabetes and the exploration of
the pathogenesis of diabetes from the molecular level
have significance in guiding the prevention, treatment,
and prognosis evaluation of such diseases. After genetic
testing and comprehensive analysis were completed, we
speculated that the CAT gene variation was likely to be
a pathogenic gene and the significance of the HNF1β
gene variation was debatable. From the perspective of
mechanism and relevant evidence, the HNF1β gene var-
iation is highly likely to be associated with the occurrence
and development of T2DM and promote renal failure. This
needs to be demonstrated by more studies in the future.
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