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Abstract
BACKGROUND
[bookmark: OLE_LINK311][bookmark: OLE_LINK312]Alström syndrome (AS, OMIM ID 203800) is a rare disease involving multiple organs in children and is mostly reported in non-Chinese patients. In the Chinese population, there are few reports on the clinical manifestations and pathogenesis of AS. This is the first report on the association between AS and Graves’ hyperthyroidism.

CASE SUMMARY
[bookmark: OLE_LINK313][bookmark: OLE_LINK314]An 8-year-old Chinese girl was diagnosed with AS. Two years later, Graves’ hyperthyroidism developed with progressive liver dysfunction. The patient's clinical data were collected; DNA from peripheral blood of the proband, parents and sibling was collected for gene mutation detection using the second-generation sequencing method and gene panel for diabetes. The association between the patient's genotype and clinical phenotype was analyzed. She carried the pathogenic compound heterozygous mutation of ALMS1 (c.2296_2299del4 and c.11460C>A). These stop-gain mutations likely caused truncation of the ALMS1 protein.

CONCLUSION
[bookmark: OLE_LINK315][bookmark: OLE_LINK316]The manifestation of hyperthyroidism may suggest rapid progression of AS.
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[bookmark: OLE_LINK309][bookmark: OLE_LINK310]Core Tip: We report the case of an 8-year-old girl who carried two novel mutations in ALMS1 according to the gene panel and developed Graves’ hyperthyroidism 2 years later. To our knowledge, this is the first report on the association between Alström syndrome and Graves’ hyperthyroidism.


INTRODUCTION
[bookmark: OLE_LINK317][bookmark: OLE_LINK318]Alström syndrome (AS) is a rare ciliopathy characterized by metabolic disorders, such as childhood obesity, insulin resistance, cone retinal dystrophy, and sensorineural hearing loss (SNHL). Type 2 diabetes (T2D) and hypertriglyceridemia usually occur in childhood or adolescence[1]. Dilated cardiomyopathy (DCM) may appear in infancy, and then usually resolves or even disappears within 3 years; however, DCM may recur or appear for the first time in adolescence or adulthood. Other common features of AS include liver, kidney, and lung dysfunction, chronic otitis media in children, spine deformity (scoliosis, kyphosis, or lordosis) in adolescence, short stature in adulthood, and gastrointestinal and neurological diseases (e.g., seizures). AS has a poor prognosis and usually leads to complications-related organ failure and shortened life expectancy under 50 years[2].
It is estimated that the prevalence of AS is 1-9 cases in 1000000, and 950 cases have been reported to date[3]. This rare autosomal recessive syndrome is caused by a pathogenic variant of ALMS1. This gene, located on chromosome 2p13 and spanning 23 exons, plays a key role in the basal bodies of cilia[4,5]. More than 200 mutations of ALMS1 that cause AS have been identified, most of which are nonsense or frameshift mutations[6,7]. However, the heterogeneity of AS variants and gene expression may lead to a different age of onset and severity of clinical symptoms, which can easily delay diagnosis, especially for those with only certain clinical features[8]. Thus, second-generation sequencing technologies could be useful for an effective and rapid diagnosis of clinically suspected AS[9].
Here, we describe a Chinese girl who had two novel mutations in ALMS1 according to the gene panel and developed Graves’ hyperthyroidism at 10 years of age. To our knowledge, this is the first report on the association between AS and Graves’ hyperthyroidism.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK319][bookmark: OLE_LINK320]An 8-year-old Chinese girl presented to the Out-patient Department of our hospital complaining of polydipsia and polyuria.

History of present illness
[bookmark: OLE_LINK321][bookmark: OLE_LINK322]The patient’s symptoms started 7 mo ago with recurrent episodes of polydipsia and polyuria, which had worsened over the last 48 h.

History of past illness
[bookmark: OLE_LINK323][bookmark: OLE_LINK324]She presented with retinitis pigmentosa at 8 mo of age, was diagnosed with bilateral congenital macular dysplasia, and then diagnosed with DCM at 1 year of age, At 7 years of age, she had hearing loss and was diagnosed with SNHL.

Personal and family history
[bookmark: OLE_LINK325][bookmark: OLE_LINK326]She had normal intelligence and body development, with no obvious family history of genetic diseases.

Physical examination
[bookmark: OLE_LINK327][bookmark: OLE_LINK328]The patient had a rounded face, wide shoulders, a barrel chest, a ‘stocky’ build, and truncal obesity and a remarkable acanthosis nigricans in the neck, with a height of 140 cm (+ 1.14 SD), weight of 43 kg (+ 2.82 SD), and body mass index (BMI) of 22.01 kg/m2 (+ 2.53 SD) (Figure 1).

Laboratory examinations
[bookmark: OLE_LINK329][bookmark: OLE_LINK330]Blood biochemistry, as well as urine analysis revealed increased glycated hemoglobin A1c (HbA1c) level at 8%, abnormal liver function (elevated alanine aminotransferase level (ALT), 61 IU/L; aspartate aminotransferase level (AST), 62 IU/L), and diabetic nephropathy (incipient nephropathy)[10] [urine microalbumin (MA) level, 12.1 mg/dL; urine MA/creatinine ratio, 164 mg/g Cr; 24-h urine protein level, 378 mg/24 h; glomerular filtration rate (GFR), 90 mL/min/1.73m2]. A homeostatic model assessment for insulin resistance (HOMA-IR) index of 16.6 was suggestive of severe insulin resistance (HOMA-IR > 2.6 indicates insulin resistance in adolescence)[11]. No abnormalities were found in her blood lipid levels, renal function, tumor markers, and endocrine hormones, such as thyroxine and epinephrine. The lung function examination revealed obstructive ventilation disorder.

Imaging examinations
[bookmark: OLE_LINK331][bookmark: OLE_LINK332]The imaging examination revealed scoliosis, thyroid nodules (TI-RADS 2), a right pelvic cyst (7.8 cm × 8.2 cm × 7.5 cm), and hepatosplenomegaly. Her echocardiogram and chest radiograph were normal (Figure 2).

Further diagnostic work-up
[bookmark: OLE_LINK333][bookmark: OLE_LINK334][bookmark: OLE_LINK47]The genomic DNA of the proband was extracted from peripheral blood in a tube containing ethylenediaminetetraacetic acid and sequenced using a diabetes panel containing 85 related genes, with an average coverage of 200 ×, covering more than 95% of the target area (including coding and untranslated exons) and including a minimum coverage of 20 ×. All samples were simultaneously analyzed by the NextSeq500 sequencer (Illumina, San Diego, CA, United States) to confirm the sample identity and screen copy number variants and homozygous regions (AmcareLab, Guangzhou, China). Data were filtered to generate “clean reads” by removing adapters and low quality reads (< Q20). Sequences were aligned to the hg19 reference genome by NextGENe software (SoftGenetics, State College, PA, United States) using the recommended standard settings for single-nucleotide variant and insertion/deletion discovery. DNA sequence variations were annotated using the population and literature databases (including 1000 Genomes, dbSNP, GnomAD, Clinvar, HGMD, and OMIM databases). Computational analysis of variants was performed using PolyPhen-2, CADD and MutationTaster. The frequency filter adopted the minor allele frequency > 1% in Asian population. Variants interpretation was manipulated according to the American College of Medical Genetics (ACMG) guidelines[12]. The mutations were validated using the Sanger sequencing method. We identified two pathogenic mutations in ALMS1: chr2, 73675945 (c.2296_2299del4, p.S766Kfs*13) in exon 8 (Figure 3) and chr2, 73800461 (c.11460C>A, p.Y3820*) in exon 16 (Figure 3). These mutations were verified using the Sanger sequencing methods (Figure 3). The results showed that c.2296_2299del4 (p.S766Kfs*13) and c.11460C>A (p.Y3820*) were paternal inheritance and maternal inheritance, respectively. The sister of the proband carried a paternal mutation. These two new mutations in ALMS1 are frameshift and nonsense mutations, respectively. It was predicted that these two mutations are stop-gain mutations that caused truncation of the ALMS1 protein (Figure 4). These two mutations in ALMS1 were considered pathogenic variants according to the ACMG guideline in 2015 (PVS1 + PM2 + PM3 + PP4 for p.S766Kfs*13 and PVS1 + PM2 + PP4 for p.Y3820*)[12].

[bookmark: OLE_LINK337][bookmark: OLE_LINK338]ETHICS STATEMENTS
[bookmark: OLE_LINK335][bookmark: OLE_LINK336]The patient and the patient’s parents and sister all signed an informed consent form. This study was approved by the local ethics committee of Ruijin Hospital affiliated with the Shanghai Jiaotong University School of Medicine.

FINAL DIAGNOSIS
[bookmark: OLE_LINK339][bookmark: OLE_LINK340]AS was finally diagnosed based on the clinical manifestations, laboratory test results, and genetic sequencing.

TREATMENT
[bookmark: OLE_LINK341][bookmark: OLE_LINK342]After diagnosis, the patient was treated with metformin combined with insulin detemir to control her blood glucose level, benazepril hydrochloride [angiotensin-converting enzyme inhibitor (ACEI)] (2.5 mg qd) to alleviate urine protein excretion, and polyunsaturated phosphatidylcholine and glutathione for hepatic preservation.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK343][bookmark: OLE_LINK344]Two years later, the patient was re-admitted because of sustained high-level of liver enzymes and poor control of blood glucose, when she was 10 years old, with a height of 148 cm (+1.34 SD), weight of 44.8 kg (+1.96 SD), BMI of 20.45 kg/m2 (+1.74 SD), and pubertal stage of Tanner II. The bone age was 13.5 years old (Figure 5), and the predicted adult height (PAH) was 152 cm (-1.59 SD). Laboratory findings revealed abnormal liver function (ALT, 236 U/L; AST, 117.9 U/L; γ-glutamyl transferase level, 58.3 U/L), diabetes (HbA1c level, 10.0%), Graves’ hyperthyroidism (free T3 level, 10.64 pmol/L; free T4 level, 19.47 pmol/L; thyroid-stimulating hormone level, 0.0082; thyrotropin receptor antibody level, 4.07 IU/L; thyroglobulin antibody and thyrotropin receptor antibody levels, normal), azotemia (blood urea nitrogen level, 7.7 mmol/L), diabetic nephropathy (incipient nephropathy) [urine (MA) level, 8.38 mg/dL; urine MA/creatinine ratio, 108 mg/g Cr; GFR, 119.8 mL/min/1.73 m2; 24-h urine protein level, 318 mg/24 h], hyperlipidemia (triglyceride level, 1.89 mmol/L), and increased HOMA-IR (33.7). The imaging examination revealed disappearance of the right ovarian cyst (after cystectomy), thyroid nodules (TI-RADS 2-3), and gallbladder polyps (Figure 6). Metformin was stopped and intensive treatments, including insulin aspart before three meals and insulin detemir before bedtime (1.8-2 U/kg/d) were initiated. Glutathione, polyunsaturated phosphatidylcholine, bicyclol, and vitamin E were given for hepatic preservation. Oral methimazole (5 mg qd) was prescribed to control hyperthyroidism, and benazepril hydrochloride (5 mg qd) was prescribed to alleviate urine protein excretion.	Comment by jrw: Should you include units for TSH level?
One month after the treatment, all biochemical indicators were alleviated, and she had normal growth and development comparable to those of children of the same age.

DISCUSSION
[bookmark: OLE_LINK345][bookmark: OLE_LINK346]ALMS1, composed of 12925 nucleotides, spans 23 exons and encodes the 4168-amino acid protein. ALMS1 is a component of centrosomes, which consist of microtubules, nuclear organelles (comprising mother and daughter cells), and pericentriolar material (a dynamically positioned protein) and are located at the proximal end of the base or cell structure[13]. The roles of ALMS1 in the formation, positioning, and maintenance of primary cilia have been shown, and AS is considered a ciliopathy[14-17]. In addition, ALMS1 plays a role in spermatogenesis, maintenance of pancreatic β-cell numbers, adaptive thermoregulation, and cell cycle arrest of cardiomyocytes[18-22].
Early studies of AS have shown that mutations in ALMS1 are predominantly around exons 8, 10, and 16[23]. Recent sequencing technology identified novel mutations in exons 5[24,25], 11, 12, 18, and 20 and intronic mutations in ALMS1[13,25-27]. No mutations have been reported in exons 1-2, 6, 7, 13, and 22-23. The disproportionate clustering of mutations around exons 8, 10, and 16 may be caused by large exon fragments[27]. The mutation that greatly affects the ALMS1 protein is a frameshift or nonsense mutation downstream of exon 7, which leads to the premature termination and a subsequent non-functional protein. Additionally, mutations and deletions at the splice site, an Alu transposon insertion, and a balanced translocation have been identified in ALMS1[28]. More than 268 pathogenic mutations have been found, and race is an important factor in the distribution of genetic variation[2]. For example, c.10539_10557ins(n)19 is more common in French Acadians, c.10775delC in British descents (up to 20%)[4,26], and IVS8 + 895del1444 in Pakistani individuals[29]. However, most ALMS1 mutations are reported in non-Chinese patients with AS. In the present case, the two compound heterozygous mutations, located in exons 8 and 16, were frameshift and nonsense mutations, respectively, belonging to the regions of hot spot and classic mutations. These mutation sites are reported for the first time.
To date, there are seven published reports of Chinese patients with AS in the PubMed database[30-36]. Frameshift or stop-gain mutations are most common in Chinese patients with AS, and they are all located in hot spots, including our case; there are no spontaneous mutation cases, but the mutation sites and clinical manifestations are different from each other. In 2000, Chen et al[31] reported the first case of AS in an 11-year-old Chinese body, who had typical AS manifestations and developed acute lymphoblastic leukemia during the follow-up. This is the only case of AS with leukemia, and it is unknown whether it is a coincidence or undiscovered manifestation in AS. Liang et al[30] identified seven frameshift mutations and one nonsense mutation in seven probands, and up to 90% of these mutations were firstly reported and different from those in the British and French populations; their mutations were considered due to the haplotype sharing effect in the British population[26]. Xu et al[34] identified 13 null mutations in ALMS1 in 11 probands, and 77% (10/13) were located in the eighth exon characterized by early-onset eye disease, such as Leber congenital amaurosis or severe cone-rod retinal dystrophy; other systemic manifestations were relatively mild, with no DCM or T2D. In another cohort of 21 Chinese patients with AS, the proportion of cognitive impairment and behavioral problems was higher (33%) than that in other populations; c.2084C>A (p.Ser695Ter) was identified in six cases and considered as having Chinese origins. In addition, three new mutations in exons 9, 18, and 19 were identified to be exclusive to Southeast Asians[36]. However, nervous system impairment was not found in the present case.	Comment by jrw: boy?
The clinical phenotype of AS is complex, and it differs greatly even among individuals with the same mutation site[13,25-28]. The underlying mechanism is still unclear. AS is characterized by a complex array of clinical manifestations, including obesity, T2D, retinal dystrophy, hearing loss, liver and kidney dysfunction, short stature, hypothyroidism, neurological and respiratory diseases, male hypogonadism, excess androgen in women, and spine deformity in adolescence[37-41]. Retinal dystrophy usually occurs within a few weeks after birth, and poor vision develops in approximately all children within the first year. About one-third of patients with AS are completely blind by 9 years of age, 50% by 12 years of age, and 90% by 16 years of age[8]. In a study of 21 Chinese patients with AS, 100% of them had poor vision, 19% had nervous system impairment, and 14% had liver and kidney dysfunction by the age of 36 mo, similar to populations in Europe and the United States[35,36]. About two-thirds of patients with AS will develop DCM, and their cardiac function will improve at 3 years of age and remain stable under the “low normal” condition[8]. This explains the phenomenon in our patient who had cardiomyopathy at an early stage but a normal recent echocardiogram. Approximately 89% of patients with AS develop symmetrical SNHL or even worse, with an average age at diagnosis of 7.45 years (range, 1.5-15 years). Approximately 82% of patients with AS are diagnosed with T2D, with a median onset age of 16 years. Obesity usually develops in the first few years after birth, and most infants have a BMI > 95% without weight control[42]. Consistent with previous case reports, the present patient was diagnosed with congenital macular dysplasia at 8 mo of age, DCM at 1 year of age, and SNHL at 7 years of age, but she had an early onset of diabetes (8 years earlier than the median age of onset). Most patients with AS whose height is normal in early childhood, but growth retardation occurs in adolescence, but our proband was taller (+ 1.34 SD). This may have been due to the child’s early puberty (BA 13.5 years old), and the PAH was still impaired. We will continue to follow up to determine if the proband has abnormal growth and development in the middle and late stages of puberty.
This patient developed Graves’ hyperthyroidism 2 years after the diagnosis of AS, which has not been reported previously. Regarding the correlation between AS and the thyroid, most patients have hypothyroidism (11%-36%) and several patients have subclinical hypothyroidism. Until now, there was only one case of a 35-year-old female AS patient with a follicular variant of papillary thyroid carcinoma[43]. It is currently believed that hypothyroidism (central or primary) may be primary or secondary to AS, and 20% of cases are autoimmune-related[44], while it is not clear that the malignancies represent a true association or a simple coincidence. Only one study reported that two sisters had hyperthyroidism at 30 years of age following a diagnosis of AS at 15 and 20 years, respectively. They were both negative for thyroid autoantibodies and simultaneously developed renal failure; furthermore, they carried the c.8164C>T (p.R2722X) mutation, leading to the premature termination and truncation of the ALMS1 protein at the 2722 amino acid[45] (Table 1). Additionally, their two other sisters without AS developed non-autoimmune hyperthyroidism. In the present case, the patient was still in incipient nephropathy 2 years later, but with azotemia, and she developed a rapid progression of liver dysfunction when she was diagnosed with hyperthyroidism. It was unclear whether the rapid progression of liver dysfunction was associated with the primary manifestation of hyperthyroidism; nevertheless, such a symptom may indicate rapid progression of AS.
Although no specific genotype–phenotype correlation has been found, AS still exhibits genetic heterogeneity. Some studies on the genotype–phenotype association have found that the pathogenic mutation in exon 16 is associated with retinopathy (before 1 year of age), urinary tract abnormality, DCM, and diabetes, and the mutation in exon 8 is related to chronic nephropathy (P = 0.0007). In the present case, the patient carried pathogenic mutations in exons 8 and 16 and experienced progression of early kidney disease with multiple organ involvement, suggesting that the pathogenic mutation in exon 16 may play a major role[26,46]. Compared with the mutation sites, some authors believed that the clinical phenotype of AS may be more related to the variations of the ALMS1 domain and motif, and its residual function[47]. ALMS1 possesses several unique motifs, such as the N-terminal polyglutamine tract, tandem repeat sequence domain, three coiled coil domains, and one ~130-residue long C-terminal. Based on the known amino acid sequence characteristics of ALMS1[3], this patient was predicted to carry two stop-gain mutations, leading to ALMS1 truncation at positions 780 and 3820, respectively. Compared with nonsense mutations, stop-gain mutations cause greater damage to the ALMS1 protein[23] and have more severe and complex clinical phenotypes, which may help explain the early-onset diabetes, autoimmune hyperthyroidism, and rapidly progressing liver dysfunction.
The treatment for patients with AS is limited to the management of clinical symptoms and improving quality of life[41]. Patients with AS can reduce the photodynamic abnormality by wearing red-orange tinted lenses, improve hearing impairment by undergoing implantation of cochlear hearing aids, and control their body weight gain and blood lipid levels through a healthy low-calorie diet and regular exercise[28]. In addition, rhGH treatment decreased body fat percentage, liver fat, and serum lipid levels, and improved insulin sensitivity and acanthosis nigricans in a small number of patients with AS[48]. An ACEI is usually used for proteinuria and dilated or restrictive cardiomyopathy (beta blockers can also be used for heart failure). When T2D or insulin resistance is present, a large dose of metformin and rosiglitazone is recommended. Moreover, sodium glucose transporter 2 inhibitors (e.g., canagliflozin) are beneficial for some AS patients with chronic kidney disease and heart disease who do not tolerate dipeptidyl peptidase-4 inhibitors. Glucagon-like peptide 1 receptor agonists can be considered if body weight control is urgently needed[44]. A phase 2 clinical trial is currently being conducted in patients with AS, aiming to evaluate the efficacy of PBI-4050 for pathological inflammation and fibrosis[49]. In the present case, the patient exhibited progressive hepatic dysfunction, poor blood glucose control, and Graves’ hyperthyroidism. While providing active treatments for kidney protection and urinary protein reduction by ACEI, it is necessary to balance liver protection and the use of metformin and methimazole. As there is no past empirical reference to refer to, further exploration of this clinical problem is needed. It is also necessary to closely monitor patients’ systemic condition and prevent the failure of major organs. Early diagnosis and intervention may delay progression of the disease and improve the life span and quality of life of patients with AS.

CONCLUSION
[bookmark: OLE_LINK347][bookmark: OLE_LINK348]In summary, we identified autosomal recessive pathogenic mutations in ALMS1 (c.2296_2299del4 and c.11460C>A) in a Chinese girl with Graves' hyperthyroidism and abnormal liver and kidney function, and predicted that these two mutations are stop-gain mutations that could cause truncation of the ALMS1 protein. To our knowledge, this is the first report on the association between AS and Graves’ hyperthyroidism. Our case suggests that the manifestation of hyperthyroidism may indicate a rapid progression of AS.
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Figure Legends
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[bookmark: OLE_LINK354][bookmark: OLE_LINK355]Figure 1 Clinical photographs of the proband reported in this case. A: A rounded face, wide shoulders, a barrel chest, a ‘stocky’ build, and truncal obesity; B: A remarkable acanthosis nigricans in the neck.

[image: ]
[bookmark: OLE_LINK356][bookmark: OLE_LINK357]Figure 2 Pre-treatment imaging examinations of the proband. A: Scoliosis; B: Thyroid nodules (TI-RADS2); C: Right pelvic cyst (7.8 cm × 8.2 cm × 7.5 cm); D: Enlarged liver; E: Enlarged spleen.
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[bookmark: OLE_LINK358][bookmark: OLE_LINK359]Figure 3 Pedigree and mutation analysis of the family. A: Alignment of exome sequences showing a frameshift mutation of 4-base pair deletion (upper panel) and a nonsense mutation (lower panel) in ALMS1; B: The proband (II-1) carried compound heterozygous mutations: c.2296_2299del4 inherited from her father (I-1) and c.11460C>A from her mother (I-2). The proband’s younger sister (II-2) also carried c.2296_2299del4 from her father. WT: Wild type.
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Figure 4 Predicted truncated ALMS1 caused by the frameshift mutation (upper panel) and nonsense mutation (lower panel) identified in this proband.
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[bookmark: OLE_LINK360][bookmark: OLE_LINK361]Figure 5 Bone age of the proband, at 2 years post-treatment. 
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Figure 6 Follow-up imaging examinations of the proband, at 2 years post-treatment. A: Disappearance of the right ovarian cyst; B: Thyroid nodules (TI-RADS 2-3); C: Gallbladder polyps.

Table 1 Genetic and clinical characteristics of Alström syndrome patients with hyperthyroidism
	
	Current case
	Ozgül et al[45] cases

	Year of publication
	2020
	2007

	Race
	Chinese
	Turkish

	Number of patients (sex)
	1 (female)
	3 (females)

	Genetics
	
	

	Inheritance pattern
	Compound heterozygous
	Homozygote

	Location
	Exons 8 and 16
	Exon 10

	cDNA change
	c.2296_2299del4, c.11460C>A
	c.8164C>T

	Protein change
	p.S766Kfs*13, p.Y3820*
	p.R2722X

	Function prediction
	Stop-gain mutation
	Stop-gain mutation

	Clinical manifestations
	
	

	Retinal malnutrition (100%)	Comment by jrw: Do you mean retinal disease?
	+
	+

	SNHL (89%)
	+
	+

	Infant cardiomyopathy (40%)
	+
	

	Endocrine-related findings
	
	

	Short stature (50%)
	
	+

	Hypothyroidism (11%-36%)
	
	+

	Hyperthyroidism
	+ (TRAb elevation)
	+ (TRAb reduction)

	Metabolism-related findings
	
	

	Childhood obesity
	+
	+

	Insulin resistance (100%)
	+
	+

	Type 2 diabetes (82%)
	+
	+

	Dyslipidemia (High TG level and low HDL level)
	+
	+

	Urinary system (14%)
	
	

	Chronic kidney disease
	+
	

	Renal failure
	
	+

	Non-alcoholic steatohepatitis
	+
	

	Restrictive lung ventilation
	+
	+

	Epilepsy, reflection delay (20%)
	
	+

	Spinal deformity (68%)
	+
	

	Androgen excess in women
	+
	+


AS: Alström syndrome; cDNA: complementary DNA; SNHL: Sensorineural hearing loss; TG: Triglyceride; HDL: High-density lipoprotein; TRAb: Thyrotropin receptor antibody.






[image: logo]

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com



[image: 二维码]




© 2021 Baishideng Publishing Group Inc. All rights reserved.
[bookmark: _GoBack]
image1.png




image2.png




image3.png




image4.png
ALMS1¢.2296_2299del4

Proband
Human
gorrila

Pongo
ELE]

macaca

Callithrix j
acchus

mouse

Proband
Human
gorrila

Pongo
ELE]

macaca

Callithrixj
acchus

mouse





image5.png




image6.png
- oist 184em
st i5icm





image7.png
9

JSaishideng®




image8.png




