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Purpose: Familial partial lipodystrophy type 3 (FPLD3) is an autosomal dominant disease.
Patients typically present with loss of adipose tissue and metabolic complications. Here,
we reported a Chinese FPLD3 patient with a novel PPARG gene mutation.

Methods: A 16-year-old female patient and her relatives were assessed by detailed
clinical and biochemical examinations. Sequencing was performed by using the extracted
DNA. Moreover, we identified FPLD3 patients from previous studies, and according to the
protein region affected by the gene mutation. We divided the patients into the DNA-
binding domain (DBD) group or the ligand-binding domain (LBD) group, and compared
the clinical features between the two groups.

Results: We identified a novel gene mutation affecting the LBD of PPARg c.929T > C
(p.F310S). This mutation leads to the substitution of a phenylalanine by a serine. In our
case, subcutaneous fat was significantly diminished in her face, hips and limbs. The
patient was also presented with insulin resistance, diabetes mellitus, hypertriglyceridemia,
fatty liver, liver dysfunction, albuminuria and diabetic peripheral neuropathy. After literature
review, a total of 58 FPLD3 patients were identified and we found no difference in clinical
features between the DBD group and LBD group (all P > 0.05).

Conclusions: A Chinese FPLD3 patient with a novel PPARG gene mutation is described.
Our case emphasized the importance of physical examination and genetic testing in
young patients with severe metabolic syndromes.

Keywords: lipodystrophy, peroxisome proliferator-activated receptor gamma, adipose tissue, insulin resistance,
diabetes mellitus, case report
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INTRODUCTION

Familial partial lipodystrophy (FPLD) is a rare autosomal
dominant disease characterized by lipoatrophy of the
extremities (1). The disease is accompanied by metabolic
abnormalities including insulin resistance (IR), diabetes
mellitus (DM), and dyslipidemia (2, 3). According to different
pathogenic genes, six types of FPLD and several other forms have
been described.1 Mutations in these genes may affect adipocyte
differentiation, cell membrane integrity, DNA repair, lipid
droplet formation and lipolysis. FPLD type 3 (FPLD3) is
induced by mutations in the PPARG gene, encoding for
peroxisome proliferator-activated receptor gamma (PPARg)
(4). PPARg, which belongs to the family of nuclear receptors,
is required for adipocyte differentiation and regulation of insulin
sensitivity (5). PPARG mutations may inhibit adipocyte
differentiation and consequently cause lipotoxicity, low-grade
inflammation, altered adipokine secretion and ectopic fat tissue
accumulation. To date, more than 60 patients with FPLD3 have
been reported.

Similar to other nuclear receptors, PPARg contains an
N-terminal domain (A/B), a DNA-binding domain (DBD),
a ligand-binding domain (LBD), and a hinge region (D) that
separates the LBD from the DBD (6). Until now, most mutations
causing FPLD3 have been located on the DBD or LBD.
Nevertheless, the link between mutations located on the DBD
or the LBD and clinical phenotypes is currently unclear.

Here, we report the first case of FPLD3 with a novel de novo
PPARG mutation. In addition, we collected phenotypic data for
FPLD3 from previous literature between 1999 and 2021, and
explored the correlations between mutations located in different
domains and clinical phenotypes.
MATERIALS AND METHODS

Patient and Family
We examined four members of a Chinese family, with one
affected patient. Informed consent was obtained from all the
participants for clinical and molecular genetic studies, after a full
explanation of the purpose and nature of all procedures used.
Blood samples were taken and analyzed by standard laboratory
methods at the Institute of Laboratory Medicine, Tongji
Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, China.

DNA Analysis
The genomic DNA of the patient and his parents was extracted
from the whole blood using a DNeasy Blood and Tissue Kit
(Qiagen) according to the manufacturer’s protocol. Different
barcode-ligated libraries were individually constructed using
genomic DNA and were combined at equal molar ratios for
sequencing. The libraries were sequenced on an Illumina
platform (HiSeq2500; Illumina, Inc.).

To identify novel potential pathogenic variants, we first
removed benign variants in the ClinVar database (https://www.
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ncbi.nlm.nih.gov/clinvar/) and single nucleotide polymorphisms
(SNPs) (MAF > 0.1%) from the Exome Aggregation Consortium
(ExAC) database (http://exac.broadinstitute.org/). Furthermore,
noncoding variants (up/downstream, intron) and synonymous
variants were also removed. The novel missense variants were
evaluated by scoring with Polyphen-2 (http://genetics.bwh.
harvard.edu/pph2). Finally, the pathogenic variant was
identified following the American College of Medical Genetics
and Genomics (ACMG) standards and guidelines for the
interpretation of sequence variants.

To validate the identified potential pathogenic variants, we
performed Sanger sequencing. The PCR amplifications were
performed using individually designed primers. Amplification
products were sequenced using the IDT capture kit on an
Illumina platform.

Structure Analysis
Protein structural analysis was performed employing the crystal
structure of human PPARg isoform 2. The protein sequences
were retrieved from the NCBI Protein Sequence Database
(http://www.ncbi.nlm.nih.gov/protein). The wild-type and
mutant models were built using Swiss-Model (http://
swissmodel.expasy.org/). Structural analysis of both models
and presentation of the mutated amino acids was performed
with Pymol (The PyMOL Molecular Graphics System, Version
2.0 Schrödinger).

Data Collection and Analysis
We retrieved relevant published literature from PubMed from
Jan 1999 to June 2021. Phenotypic data for patients with FPLD3
were collected and divided into two groups (the DBD group and
the LBD group) according to the region of the protein domain in
which the mutation was located. The inclusion criteria were as
follows: i) all patients met the defined core clinical characteristics
for the detection of FPLD from the AACE consensus statement
published in 2013 (7), ii) patients were subjected to genetic
testing to identify pathogenic mutations in PPARG, iii)
pathogenic mutations were located on the DBD or LBD, and
iv) detailed medical history and patient characteristics were
described. Cases with frame shift mutation or nonsense
mutation were excluded. For categorical data, we used a chi-
square or Fisher’s exact test. A significant difference was set at a p
value < 0.05. The software used was SPSS 15.0.
RESULTS

Case Presentation
A 16-year-old female was admitted to our hospital in September
2020 with hyperglycemia. The patient presented typical
symptoms of DM, such as polyphagia, polydipsia, and
polyuria, over the last 7 months. In May 2020, she was initially
diagnosed with type 2 DM (T2DM) and medicated with 1500
mg/day metformin and 60 IU/day insulin (insulin aspart
injection 10 IU at breakfast, 10 IU at lunch and 10 IU at
dinner, insulin degludec 30 IU at bedtime) at a local hospital.
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However, the patient’s glycemic control was poor, with a fasting
gluco8se range (10-14 mmol/L) and postprandial glycemia range
(12-18 mmol/L). In addition, she had a previous history of atrial
septal defect repair in 2009 and a 7-year history of adenotonsillar
hypertrophy. There was no family history of DM.

Physical examination showed normal blood pressure. Her
BMI was 17.5 kg/m2 (height, 155 cm; weight, 42 kg). The
patient’s waist circumference was 74 cm. Subcutaneous fat was
significantly diminished in her face, hips and limbs, with
prominent gastrocnemius (Figure 1). There was no increase in
back and abdominal fat. She had phlebectasia in the lower legs
and acanthosis nigricans in the axillaris (Figure 1). The inferior
margin of the liver was palpable at the level of the umbilicus. The
patient had normal menstrual cycles, and no hirsutism.

Laboratory test findings on admission were as follows: her
glycated hemoglobin was 8.4% (reference range (RR): 4%–6%),
alanine aminotransferase was 54 U/L (RR: < 35 U/L), aspartate
aminotransferase was 84 U/L (RR: < 40 U/L), triglycerides were
6.17 mmol/L (RR: 0.6–1.84 mmol/L), total cholesterol was
3.7 mmol/L (RR: < 0.51 mmol/L), high-density lipoprotein
was 0.75 mmol/L (RR: > 1.5 mmol/L), low-density lipoprotein
was 1.36 mmol/L (RR: < 3.37 mmol/L), total bilirubin was 33.8
mmol/L (RR: 1.71–21 mmol/L), direct bilirubin was 10.3 mmol/L
(RR: < 7.32 mmol/L), indirect bilirubin was 23.5 mmol/L (RR: < 14
Frontiers in Endocrinology | www.frontiersin.org 3
mmol/L), uric acid was 412.0 mmol/L (RR: < 357 mmol/L), 24-hour
urinary microalbumin was 238.4 mg/24 h (RR: < 150 mg/24 h),
and thyroid-stimulating hormone was 5.46 mIU/ml (RR: 0.4–2.5
mIU/ml). An oral glucose tolerance test (OGTT) was performed
and showed IR (fasting glucose, insulin and C-peptide were
14.25mmol/L, 22.68 mU/mL, and 3.7 mg/L, respectively, which
increased to 17.00mmol/L, 130.60 mU/mL and 11.06 mg/L at
120 min after a 75 g oral glucose load, respectively). Other
indicators, including cortisol, growth hormone, estrogen,
androgen, progesterone, luteinizing hormone, follicle-
stimulating hormone, prolactin, pancreatic damage and insulin-
like growth factor-1, were normal. Abdominal CT showed liver
and spleen enlargement and fatty liver, with a liver CT value of
38.16 Hu and a spleen/liver CT intensity ratio of 0.63
(Supplementary Figure 1). The mean areas of abdominal
subcutaneous and visceral fat were 28.57 cm2 and 28.78 cm2

respectively based on measurement of fat area by direct cross-
sectional imaging using CT scan of the abdomen at the L1
vertebra level. In addition, abdominal ultrasound showed fatty
liver, and the maximum diameter of the right lobe was 17.3 cm
(RR: < 14 cm). Complications including polycystic ovary
syndrome, atherosclerosis and pancreatitis were not observed.

Based on clinical manifestations, laboratory assessment,
and imaging studies, FPLD syndrome should be considered.
FIGURE 1 | Pedigree and phenotype. (A) Pedigree chart: The patient is indicated by dark symbols. The patient carrying the heterozygote mutation c.929T >C is
marked by M/+. Tested family members without the mutation are marked by +/+. (B) Phenotype: a, c, and d, the patient presented with loss of subcutaneous fat,
especially in the face, hands, and lower limbs. b, Patient had acanthosis nigricans in axillaris. e, Abdominal CT showed liver and spleen enlargement and fatty liver.
March 2022 | Volume 13 | Article 830708
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After obtaining the consent of the patient and her parents,
we conducted a genetic analysis. Sequencing of genomic
DNA showed that the patient had a novel, heterozygous
mutation affecting the LBD of PPARg c.929T > C (p.F310S),
a variant that has not been previously reported (Figure 2).
This mutation leads to the substitution of phenylalanine by a
serine. According to PolyPhen-2 (Polymorphism Phenotyping
v2) software (http://genetics.bwh.harvard.edu/pph2), this
variant is predicted to have a potential impact on the
stability and function of PPARg protein. This mutation is
predicted to be probably damaging with a score of 0.996
(sensitivity: 0.36; specificity: 0.97). The heterozygous
mutation was not found in her brother (III-2) or parents
(II-1, II-2). Similarly, they did not appear to have
lipoatrophy or metabolic consequences. This pattern suggests
that this mutation is a de novo mutation.

Taken together, the patient was ultimately diagnosed with
FPLD3, T2DM, diabetic nephropathy, hypertriglyceridemia,
liver dysfunction, fatty liver, hyperuricemia, and subclinical
hypothyroidism. Ectopic fat deposition in nonadipose tissues
may contribute to severe IR. Considering this situation, we
decreased the insulin doses from 60 to 29 IU/day (insulin
aspart injection 5 IU at breakfast, 5 IU at lunch and 5 IU at
dinner, insulin degludec 14 IU at bedtime). In addition, she took
oral hypoglycemic medication (combination of 30 mg/day
pioglitazone and 1500 mg/day metformin), medication for
protecting the liver (75 mg/day bicyclol), and medication for
reducing proteinuria (5 mg/day benazepril). During
hospitalization, fasting blood glucose and postprandial
glycemia ranged between 9 - 10 mmol/L and 10 - 13 mmol/L,
respectively. She was discharged to home with instructions for
outpatient follow-up.

After 2 months of follow-up, she complained of asthenia and
night sweats without hypoglycemia. In November of 2020, the
Frontiers in Endocrinology | www.frontiersin.org 4
insulin doses were increased from 29 to 54 IU/day (insulin aspart
injection 10 IU at breakfast, 8 IU at lunch and 8 IU at dinner,
insulin degludec 28 IU at bedtime) at a local hospital.
Nevertheless, the symptoms did not improve. In January 2021,
the patient returned to our hospital. Re-examination via
abdominal CT revealed a significant improvement in the fatty
liver, with a liver CT value of 49.42 Hu and a spleen/liver CT
intensity ratio of 0.87 (Supplementary Figure 1). A repeated
abdominal ultrasound showed an improvement in liver size
compared with the preceding examination, with a maximum
diameter of 14.5 cm in the right lobe. In addition, an increase in
subcutaneous (34.79 cm2) and visceral fat (43.59 cm2) was shown
in abdominal fat distribution evaluated by CT scan at the L1
vertebra level. The patient’s body weight increased from 42 to 45
kg during a follow-up period of 2 months. However, her
triglyceride level rose to 7.90 mmol/L. Insulin treatment was
discontinued and liraglutide 0.6 mg once daily was administered
in addition to current treatment. However, the patient’s glycemic
value was still inadequately controlled.

In Silico Analysis of the F310S Mutation
In the crystal structure of the PPARg protein, Phe310, located in
helix 3, participates in a hydrogen-bond network involving Ile307
and Cys313 (Figure 3). Mutations in this region could affect the
ligand binding pocket, thereby interfering with ligand binding. To
assess the consequences of the novel mutation F310S, the
substitution of the amino acid phenylalanine at position 310 by
the amino acid serine was simulated, and the optimal side-chain
rotamer conformation was examined. The result showed that the
mutant serine formed two new hydrogen bonds with alanine at
position 306 and isoleucine at position 307. The mutation causes a
change in the local hydrogen bond networks at this site. This
change may affect the network of interactions needed to maintain
the LBD in its active conformation.
FIGURE 2 | Identification of the F310S mutation. DNA sequencing chromatogram of a portion of the PPARG gene, illustrating that thymine was substituted with
cytosine, leading to heterozygous substitution of phenylalanine by serine in the patient (arrow). The DNA sequencing chromatogram of the wild-type, lacking the
mutation, is shown on the right.
March 2022 | Volume 13 | Article 830708
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Clinical Findings in Patients with PPARG
Mutations
We collected the location of the mutations thus far described
for FPLD3 (Figure 4). Comparisons of clinical characteristics
for the two groups are presented in Table 1. According to the
inclusion criteria, 58 patients were eligible for the study. The
patients’ general characteristics are summarized in Table 1.
Overall, the number of patients was higher in the LBD group
than in the DBD group. The prevalence of overweight was
higher in the DBD group than in the LBD group (77% vs. 54%).
For sex distribution, the majority of the patients were female in
the two groups. Moreover, when divided by age (age ≤ 25
years), there were more patients in the LBD group than in the
DBD group (29% vs. 11%), and all patients were female. This
finding may suggest that females are more likely to develop
FPLD3 than males. The first important feature of FPLD3 is the
loss of adipose tissue. All patients had lipoatrophy at the limbs.
The incidence of lipoatrophy in the gluteal region was also
similar in the two groups (22% vs. 35%). Another important
feature of FPLD3 is lipid accumulation. In the DBD group,
accumulation was more likely to appear in the trunk or
Frontiers in Endocrinology | www.frontiersin.org 5
abdomen than in the face or neck (44% vs. 18%).
Nevertheless, these results were similar in the LBD group
(42% vs. 35%). In the DBD group, the prevalence rates of
hypertension and cardiovascular disease were 77% and 14%,
respectively, which were higher than those in the LBD group
(58% and 9%), but there was no significant difference between
the two groups. In addition, almost all patients presented with
hypertriglyceridemia, with the exception of one patient in the
DBD group. Other clinical characteristics of the two groups,
such as DM, hepatic steatosis, hypercholesterolemia, acanthosis
nigricans, hirsutism, and polycystic ovary syndrome, were not
significantly different.
DISCUSSION

We report a case of FPLD3 in a Chinese female caused by a novel
de novo mutation of PPARG. Subcutaneous fat was markedly
diminished in her limbs, hips and face. She presented with severe
metabolic disorders including IR, DM, hypertriglyceridemia,
liver dysfunction and fatty liver. Moreover, the patient had an
FIGURE 3 | Comparison of the structure of modeled wild-type (A) and mutant PPARg proteins (B) established by Swiss-Model. (A) The crystal structure of the wild-
type PPARg protein shows interactions between F310 and I307 and C313. (B) The crystal structure of the mutant PPARg protein suggests that the F310S mutation
alters the local hydrogen bond network of helix 3. Two new hydrogen bonds were formed after the F310S mutation, connecting to I307 and A306.
March 2022 | Volume 13 | Article 830708
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atrial septal defect and diabetic complications, which are rarely
described in previous literature.

FPLD3 is a rare disease and was first reported by Barroso et al.
in 1999 (8). In previous studies, the majority of patients were
female, aged 8–71 years. The clinical phenotype of FPLD3 varies.
Agarwal et al. described a white female with the D424Nmutation
who was diagnosed with hypertension at 12 years old (9).
However, our patient’s blood pressure was continuously within
the normal range. In addition, the patient with the FS138X
mutation reported by Hegele et al., who was diagnosed with
T2DM at a young age, was similar to our patient (10). Moreover,
although the patient with the FS138X mutation was taking 100 U
daily insulin and 1000 mg daily metformin, similar to our
patient, she had insufficient glycemic control and presented
Frontiers in Endocrinology | www.frontiersin.org 6
with diabetic complications, including bilateral hearing
impairment and peripheral neuropathy. Interestingly, except
for our patient, facial lipoatrophy was rarely observed in
patients with FPLD3, and only two patients were reported to
have a loss of subcutaneous fat in the face in the literature
(11, 12).

FPLD3 is a rare autosomal dominant genetic disorder. In our
case, the patient carried a novel PPARG mutation c.929T > C.
However, neither parent had this mutation. Therefore, this
finding suggests that the variant is a de novo mutation. In
previous studies, de novo mutations of other rare diseases have
been reported occasionally (13, 14). However, such mutations
have not been reported for FPLD3. Spontaneous mutations may
have severe phenotypic consequences when they functionally
affect relevant bases. In addition, when these mutations are
carried in germ cells, they may be inherited.

Based on the results of prediction software, the F310S
mutation was strongly predicted to be pathogenic. However,
the biological effects of this mutation are still unknown. The
R308P mutation, which is located near our F310S variant, was
reported to be transcriptionally resistant to natural ligands,
whereas its transcriptional function was nearly normal when
tested with a synthetic ligand such as rosiglitazone (15). They
found that the binding of pioglitazone can potentially alter the
local protein conformation, thereby preserving transcriptional
responsiveness to synthetic ligands. Correspondingly, the patient
experienced a marked and sustained improvement in glycemic
control and dyslipidemia following treatment with pioglitazone.
However, different from the R308P mutation, although our
patient received 30 mg/day pioglitazone for two months, she
had poor glycemic control. This finding may suggest that the
affinity of the F310S mutation to ligands may be different from
that of the R308P mutation.

Structural modeling suggested that the phenylalanine to
serine change at 310 would change the local hydrogen bond
networks in helix 3, which may destabilize the ligand binding
pocket. Thus, we hypothesized that a mutation in position 310
could result in reduced transcriptional activity. This hypothesis
TABLE 1 | Clinical data of FPLD3 patients from previous studies.

Characteristic DBD
(N = 27)

LBD
(N = 31)

P-value

Female sex 18 (66) 24 (77) 0.36
Age ≤ 25 year 3 (11) 9 (29) 0.09
Overweight 21 (77) 17 (54) 0.06
Clinical lipoatrophy (gluteal region) 6 (22) 11 (35) 0.26
Clinical lipoatrophy (limbs) 27 (100) 31 (100) 1.00
Adipose tissue accumulation (face, neck) 5 (18) 11 (35) 0.14
Adipose tissue accumulation (trunk, abdomen) 12 (44) 13 (42) 0.84
Diabetes mellitus 19 (70) 24 (77) 0.54
Hypertension 21 (77) 18 (58) 0.11
Cardiovascular disease 4 (14) 3 (9) 0.69
Polycystic ovary syndrome 6 (33)* 11 (45)* 0.41
Hirsutism 8 (44)* 11 (45)* 0.92
Acanthosis nigricans 10 (37) 10 (32) 0.7
Hepatic steatosis 18 (66) 20 (64) 0.86
Hypertriglyceridemia 26 (96) 31 (100) 0.46
Hypercholesterolemia 7 (25) 7 (22) 0.76
Results are shown as n (%).
DBD, DNA-binding domain; LBD, ligand-binding domain.
Overweight: BMI ≥ 25kg/m2, Hypertriglyceridemia: triglycerides ≥ 1.84mmol/l,
Hypercholesterolemia: total cholesterol ≥ 5.2 mmol/l or 240 mg/dl.
*All patients are female.
FIGURE 4 | Schematic representation of the PPARg domain structure and position of the mutations reported thus far from patients with FPLD3. Marked in red:
novel mutation c.929T >C described in our study. A/B, N-terminal region; DBD, DNA-binding domain; D, hinge domain; LBD, ligand-binding domain.
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was partially supported. A previous study showed that PPARg
F310S mutation was associated with basal bladder tumors.
Further biochemical and structure-function analysis showed
that the F310S mutation decreases PPARg activity through the
destabilization of helix 12, thereby impairing the release of
corepressors and the recruitment of coactivators (16).
Moreover, mechanisms of negative dominance and
haploinsufficiency have both been suggested to explain the
pathogenicity of PPARG mutations. Miehle et al. suggested
that similar changes in crystal structure might lead to similar
changes in function (3). In previous studies, the V318M
mutation also located in helix 3 has similar crystal structure
changes (8). Functional studies confirmed that the V318M
mutant exhibits transcriptional impairment and dominant-
negative activity. In our case, the F310S mutation may have a
similar effect.

Mutations, mostly located on DBD and LBD protein
domains, have been reported to cause FPLD3. After reviewing
the literature, no significant association was found between
mutations located in different domains and clinical
phenotypes. A possible explanation for this finding might be
that the mutations located on the DBD or LBD could cause a
similar phenotype through reduction of transcriptional activity
in the mutant receptor, although the mechanisms are slightly
different. In the DBD, the mutations disrupted the structure of
PPARg, thus affecting DNA binding, which results in a reduced
ability to activate transcription (17). It has also been suggested
that mutations could disturb the promoter release of PPARg
necessary for continued transcription (18). Correspondingly, in
contrast to the wild type, mutation in the LBD could cause
reduced transcriptional activity when interacting with ligand-
mediated cofactors (such as rosiglitazone) (19). According to the
latest study, a reduction of the abnormal protein’s transcriptional
activity of ≥ 30% is sufficient to cause partial lipodystrophy (20).

PPARg not only plays a critical role in adipogenesis, but also
in cardiac development (21). In a study on mouse embryos,
Barak et al. showed that PPARg deficiency disturbs terminal
differentiation of the trophoblast and placental vascularization,
resulting in severe myocardial thinning and death (22).
Subsequently, a series of studies have found that the expression
of PPARG in mouse models is associated with cardiac
hypertrophy, dilated cardiomyopathy, and the development of
ventricular membranous septation (23–25). This cardiac
hypoplasia was also observed in a patient with PPARG
mutations. Our patient suffered from an atrial septal defect and
was treated with surgical repair in 2006. In addition, two patients
also suffered heart disease in their teenage years (15, 26). First, a
12-year-old girl with the Y355X mutation, was diagnosed with
patent ductus arteriosus with pulmonary branch stenosis and an
incomplete right bundle branch block at the age of 3 months. The
second patient with the A261E mutation was diagnosed with
dilated cardiomyopathy at age 20. The association between
cardiac development and FPLD3 deserves further exploration.

In the patients reported thus far, we found that females
accounted for the majority of patients with FPLD3. This
gender difference has several explanations. First, the fat
distribution is the difference between females and males.
Frontiers in Endocrinology | www.frontiersin.org 7
Premenopausal females accumulate adipose tissue in the
gluteal region and subcutaneous tissue, whereas males tend to
deposit fat in the abdomen (27, 28). Mutations in the PPARG
gene could inhibit the differentiation of adipocytes, and lead to
lipoatrophy. This finding implies that changes in appearance
were more dramatic for females than males. Thus, the diagnosis
of FPLD3 in females is much easier than in males. Second,
estrogen receptor-b (ERb) may play a role in FPLD3. ERb, which
belongs to the nuclear hormone receptor family, conveys the
physiological signaling of estrogens. In 3T3-L1 preadipocytes,
ERb inhibited ligand-mediated PPARg transcriptional activity
and suppressed adipocyte differentiation (29). Similarly, ERb
knockout mice exhibited augmented PPARg signaling in adipose
tissue, which improved insulin sensitivity. A probable hypothesis
is that interference of ERb may further decrease PPARg activity
and cause clinical symptoms in a patient with PPARG mutations
(30). Others have shown that women tend to have a greater
expression of ERb in adipose tissue than men (31). This finding
might suggest that female patients are more prone to develop
FPLD3 than male patients.

Regarding treatment for FPLD3, thiazolidinediones, which
are high-affinity agonists of PPARg leading to improved insulin
sensitivity and adipogenesis, have been used (32). However, there
is heterogeneity in individual responses to this treatment. In a
study by Agostini et al., the proband was treated with 30mg/day
pioglitazone, and exhibited clinical improvements (15). In
another study, after 6 months of rosiglitazone treatment, the
patient remained severely insulin resistant and showed little
change in glycated hemoglobin levels (33). In terms of
hyperglycemia management, metformin, a widely applied
insulin sensitizer, is the first‐line hypoglycemic agent for the
treatment of FPLD. The use of glucagon-like peptide-1 receptor
agonists is associated with improvement of glycemic control and
reduced insulin requirement. Moreover, in cases of severe IR,
low-dose insulin was more effective than the large dose in
improving IR and increasing insulin sensitivity (34). Cosmetic
treatment was helpful for improving appearances and self-
esteem in affected patients (35). In 2014, meterleptin, a
recombinant analog of human leptin, was approved for
patients with congenital or acquired generalized lipodystrophy
in the US. However, the drug has not yet been approved for
marketing in China.

Several limitations should be mentioned with this study. First,
a functional study in vitro and in vivo could better reveal the
biological effects of this mutation. We will conduct in-depth
research on this topic in the future. Second, the leptin level was
not evaluated.
CONCLUSION

We reported a rare case of FPLD3 caused by a new PPARG
mutation F310S. Moreover, we found no difference in clinical
features between the DBD group and the LBD group. These
results emphasize the importance of physical examination and
genetic testing in young patients with severe metabolic syndrome
in clinical practice.
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16. Coutos-Thévenot L, Beji S, Neyret-Kahn H, Pippo Q, Fontugne J, Osz J, et al.
PPARg is a Tumor Suppressor In Basal Bladder Tumors Offering New
Potential Therapeutic Opportunities. bioRxiv (2019) 868190. doi: 10.1101/
868190

17. Ludtke A, Buettner J, Wu W, Muchir A, Schroeter A, Zinn-Justin S, et al.
Peroxisome Proliferator-Activated Receptor-Gamma C190S Mutation Causes
Partial Lipodystrophy. J Clin Endocrinol Metab (2007) 92(6):2248–55.
doi: 10.1210/jc.2005-2624

18. Campeau PM, Astapova O, Martins R, Bergeron J, Couture P, Hegele RA,
et al. Clinical and Molecular Characterization of a Severe Form of Partial
Lipodystrophy Expanding the Phenotype of PPARgamma Deficiency. J Lipid
Res (2012) 53(9):1968–78. doi: 10.1194/jlr.P025437

19. Broekema MF, Massink MPG, Donato C, de Ligt J, Schaarschmidt J, Borgman
A, et al. Natural Helix 9 Mutants of PPARgamma Differently Affect Its
Transcriptional Activity. Mol Metab (2019) 20:115–27. doi: 10.1016/
j.molmet.2018.12.005

20. Padova G, Prudente S, Vinciguerra F, Sudano D, Baratta R, Bellacchio E,
et al. The Novel Loss of Function Ile354Val Mutation in PPARG Causes
Familial Partial Lipodystrophy. Acta Diabetol (2020) 57(5):589–96.
doi: 10.1007/s00592-019-01462-y

21. Zhou L, Wang ZZ, Xiao ZC, Tu L. Effects of PPAR-Gamma in the
Myocardium on the Development of Ventricular Septation. Curr Med Sci
(2020) 40(2):313–9. doi: 10.1007/s11596-020-2184-2
March 2022 | Volume 13 | Article 830708

https://www.frontiersin.org/articles/10.3389/fendo.2022.830708/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.830708/full#supplementary-material
https://doi.org/10.2147/DMSO.S206053
https://doi.org/10.1152/physrev.00032.2020
https://doi.org/10.1152/physrev.00032.2020
https://doi.org/10.1111/cen.12837
https://doi.org/10.1038/ng.3700
https://doi.org/10.1016/j.tem.2014.04.001
https://doi.org/10.1152/physrev.2001.81.3.1269
https://doi.org/10.4158/endp.19.1.v767575m65p5mr06
https://doi.org/10.4158/endp.19.1.v767575m65p5mr06
https://doi.org/10.1038/47254
https://doi.org/10.1136/jmg.2007.050567
https://doi.org/10.1136/jmg.2007.050567
https://doi.org/10.1111/j.1399-0004.2006.00674.x
https://doi.org/10.1210/jcem.87.1.8290
https://doi.org/10.1016/j.ejmg.2014.06.006
https://doi.org/10.1056/NEJMoa1104017
https://doi.org/10.1186/s12881-017-0484-6
https://doi.org/10.1186/s12881-017-0484-6
https://doi.org/10.2337/db17-1236
https://doi.org/10.1101/868190
https://doi.org/10.1101/868190
https://doi.org/10.1210/jc.2005-2624
https://doi.org/10.1194/jlr.P025437
https://doi.org/10.1016/j.molmet.2018.12.005
https://doi.org/10.1016/j.molmet.2018.12.005
https://doi.org/10.1007/s00592-019-01462-y
https://doi.org/10.1007/s11596-020-2184-2
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Chen et al. A New Mutation in FPLD3
22. Barak Y, Nelson MC, Ong ES, Jones YZ, Ruiz-Lozano P, Chien KR, et al.
PPARG Is Required for Placental, Cardiac, and Adipose Tissue
Development. Mol Cell (1999) 4(4):585–95. doi: 10.1016/S1097-2765(00)
80209-9

23. Krishnaswami A, Ravi-Kumar S, Lewis JM. Thiazolidinediones: A 2010
Perspective. Perm J (2010) 14(3):64–72. doi: 10.7812/TPP/09-052

24. Duan SZ, Ivashchenko CY, Russell MW, Milstone DS, Mortensen RM.
Cardiomyocyte-Specific Knockout and Agonist of Peroxisome Proliferator-
Activated Receptor-Gamma Both Induce Cardiac Hypertrophy in Mice. Circ
Res (2005) 97(4):372–9. doi: 10.1161/01.RES.0000179226.34112.6d

25. Ding G, Fu M, Qin Q, Lewis W, Kim HW, Fukai T, et al. Cardiac Peroxisome
Proliferator-Activated Receptor Gamma is Essential in Protecting
Cardiomyocytes From Oxidative Damage. Cardiovasc Res (2007) 76(2):269–
79. doi: 10.1016/j.cardiores.2007.06.027

26. Francis GA, Li G, Casey R, Wang J, Cao H, Leff T, et al. Peroxisomal
Proliferator Activated Receptor-Gamma Deficiency in a Canadian Kindred
With Familial Partial Lipodystrophy Type 3 (FPLD3). BMCMed Genet (2006)
7:3. doi: 10.1186/1471-2350-7-3

27. Cooke PS, Naaz A. Role of Estrogens in Adipocyte Development and
Function. Exp Biol Med (Maywood) (2004) 229(11):1127–35. doi: 10.1177/
153537020422901107

28. Karastergiou K, Smith SR, Greenberg AS, Fried SK. Sex Differences in Human
Adipose Tissues - the Biology of Pear Shape. Biol Sex Differ (2012) 3(1):13.
doi: 10.1186/2042-6410-3-13

29. Foryst-Ludwig A, Clemenz M, Hohmann S, Hartge M, Sprang C, Frost N,
et al. Metabolic Actions of Estrogen Receptor Beta (ERbeta) are Mediated by a
Negative Cross-Talk With PPARgamma. PloS Genet (2008) 4(6):e1000108.
doi: 10.1371/journal.pgen.1000108

30. Broekema MF, Savage DB, Monajemi H, Kalkhoven E. Gene-Gene and Gene-
Environment Interactions in Lipodystrophy: Lessons Learned From Natural
PPARgamma Mutants. Biochim Biophys Acta Mol Cell Biol Lipids (2019) 1864
(5):715–32. doi: 10.1016/j.bbalip.2019.02.002

31. Dieudonne MN, Leneveu MC, Giudicelli Y, Pecquery R. Evidence for
Functional Estrogen Receptors Alpha and Beta in Human Adipose Cells:
Frontiers in Endocrinology | www.frontiersin.org 9
Regional Specificities and Regulation by Estrogens. Am J Physiol Cell Physiol
(2004) 286(3):C655–61. doi: 10.1152/ajpcell.00321.2003

32. Arioglu E, Duncan-Morin J, Sebring N, Rother KI, Gottlieb N, Lieberman J,
et al. Efficacy and Safety of Troglitazone in the Treatment of Lipodystrophy
Syndromes. Ann Intern Med (2000) 133(4):263–74. doi: 10.7326/0003-4819-
133-4-200008150-00009

33. Savage DB, Tan GD, Acerini CL, Jebb SA, Agostini M, Gurnell M, et al.
Human Metabolic Syndrome Resulting From Dominant-Negative Mutations
in the Nuclear Receptor Peroxisome Proliferator-Activated Receptor-Gamma.
Diabetes (2003) 52(4):910–7. doi: 10.2337/diabetes.52.4.910

34. Wang C, Wang J, Feng J. Local Application of Low-Dose Insulin in Improving
Wound Healing After Deep Burn Surgery. Exp Ther Med (2016) 12(4):2527–
30. doi: 10.3892/etm.2016.3645

35. Dollfus C, Blanche S, Trocme N, Funck-Brentano I, Bonnet F, Levan P.
Correction of Facial Lipoatrophy Using Autologous Fat Transplants in HIV-
Infected Adolescents. HIV Med (2009) 10(5):263–8. doi: 10.1111/j.1468-
1293.2008.00682.x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chen, Ma, Chen, Song, Li, Yu and Xie. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
March 2022 | Volume 13 | Article 830708

https://doi.org/10.1016/S1097-2765(00)80209-9
https://doi.org/10.1016/S1097-2765(00)80209-9
https://doi.org/10.7812/TPP/09-052
https://doi.org/10.1161/01.RES.0000179226.34112.6d
https://doi.org/10.1016/j.cardiores.2007.06.027
https://doi.org/10.1186/1471-2350-7-3
https://doi.org/10.1177/153537020422901107
https://doi.org/10.1177/153537020422901107
https://doi.org/10.1186/2042-6410-3-13
https://doi.org/10.1371/journal.pgen.1000108
https://doi.org/10.1016/j.bbalip.2019.02.002
https://doi.org/10.1152/ajpcell.00321.2003
https://doi.org/10.7326/0003-4819-133-4-200008150-00009
https://doi.org/10.7326/0003-4819-133-4-200008150-00009
https://doi.org/10.2337/diabetes.52.4.910
https://doi.org/10.3892/etm.2016.3645
https://doi.org/10.1111/j.1468-1293.2008.00682.x
https://doi.org/10.1111/j.1468-1293.2008.00682.x
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Case Report: A New Peroxisome Proliferator-Activated Receptor Gamma Mutation Causes Familial Partial Lipodystrophy Type 3 in a Chinese Patient
	Introduction
	Materials and Methods
	Patient and Family
	DNA Analysis
	Structure Analysis
	Data Collection and Analysis

	Results
	Case Presentation
	In Silico Analysis of the F310S Mutation
	Clinical Findings in Patients with PPARG Mutations

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


