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Abstract
BACKGROUND
Many genetic and metabolic diseases affect the liver, but diagnosis can be difficult because these diseases may have complex clinical manifestations and diverse clinical patterns. There is also incomplete clinical knowledge of these many different diseases and limitations of current testing methods.

CASE SUMMARY
We report a 53-year-old female from a rural area in China who was hospitalized for lower limb edema, abdominal distension, cirrhosis, and hypothyroidism. We excluded the common causes of liver disease (drinking alcohol, using traditional Chinese medicines, hepatitis virus infection, autoimmunity, and hepatolenticular degeneration). When she was 23-years-old, she developed night-blindness that worsened to complete blindness, with no obvious cause. Her parents were first cousins, and both were alive. Analysis of the patient’s family history indicated that all 5 siblings had night blindness and impaired vision; one sister was completely blind; and another sister had night-blindness complicated with cirrhosis and subclinical hypothyroidism. Entire exome sequencing showed that the patient, parents, and siblings all had mutations in the cytochrome P450 4V2 gene (CYP4V2). The CYP4V2 mutations of the parents and two sisters were heterozygous, and the others were homozygous. Two siblings also had heterozygous dual oxidase activator 2 (DUOXA2) mutations.

CONCLUSION
Mutations in the CYP4V2 gene may affect lipid metabolism and lead to chronic liver injury, fibrosis, and cirrhosis.
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Core Tip: We describe two patients from consanguineous parents who had liver cirrhosis, were completely blind, and had familial mutations in the cytochrome P450 4V2 (CYP4V2) gene. The four other siblings of these patients were night-blind, and one also had cirrhosis. CYP4V2 functions in hepatic lipid metabolism and inflammatory responses. We suggest that this CYP4V2 gene mutation affects hepatic lipid metabolism and inflammatory responses, which leads to chronic liver injury and may subsequently progress to liver fibrosis and cirrhosis.

INTRODUCTION
“Liver disease of unknown cause” includes a wide range of pathologies. The specific history of a patient, laboratory results, and liver biopsy results can help to identify common liver diseases, such as autoimmune liver disease, drug-induced liver damage, and non-alcoholic fatty liver disease. Genetic metabolic liver disease (GLD) accounts for about 1% of all cases of unexplained liver disease. GLD is characterized by metabolic abnormalities and incomplete liver function[1] , which may occur due to consanguinity, and is characterized by early liver involvement, extensive liver damage, and is often accompanied by damage of other organs. Diagnosis of GLD is most common in children, but symptoms may manifest at any age.
GLD usually results from the combined effects of genetic and environmental factors. The liver typically has a good compensatory function, and some of these patients may be asymptomatic under normal physiological conditions, with no evidence of abnormal liver function or late onset of liver disease. Thus, the possibility of a GLD in an adult who presents with an unknown liver disease or cirrhosis should be considered[2,3]. Most GLDs are autosomal recessive diseases, although some are autosomal dominant, X-linked, or mitochondrial diseases[4]. The absence of a family history of liver disease cannot exclude the possibility of GLD.
Diagnosis of GLDs is difficult in clinical practice due to their rarity, complex and wide spectrum of clinical manifestations, significant individual differences, and insufficient clinical understanding and limitations of testing methods[5,6]. At present, there are more than 600 kinds of GLD, including primary hemochromatosis, hepatolenticular degeneration, hereditary hemochromatosis, glycogen storage disease, α1-antitrypsin deficiency, hereditary hyperbilirubinemia, Dubin-Johnson syndrome, Rotor syndrome, hereditary hyperbilirubinemias, and congenital liver fibrosis[7]. At onset, GLD most commonly manifests as a chronic disease, but acute disease may occur under certain circumstances. Some laboratory and imaging tests can identify genetic abnormalities and can be used to diagnose certain hereditary metabolic diseases[8]. In particular, some GLD can be confirmed by measurements of specific enzymes in the serum, skin fibroblasts, or liver tissue cells[9]. Pathological examination and gene testing are also very important for the diagnosis of GLD.

CASE PRESENTATION
Chief complaints
The patient was admitted for recurrent lower extremity edema for 9 mo, abdominal distension for 7 mo, and aggravation for half a month.

History of present illness
A 53-year-old rural Chinese woman visited Dafang County People’s Hospital. Symptoms began to appear nine months ago, during which edema and abdominal distension of both lower extremities recurred, and these gradually worsened during the previous two months. Our initial liver function examination showed elevated alanine transaminase (ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), direct bilirubin (DBIL); decreased albumin/globulin (ALB/GLO) ratio (Table 1). Examination of blood cells indicated decreased white blood cells (WBCs), red blood cells (RBCs), hemoglobin (HB), and platelets (PLTs) (Table 2). Examination of coagulation function indicated an increased international normalized ratio (INR), prolonged prothrombin time (PT) and activated partial thromboplastin time (APTT), and decreased fibrinogen (FIB) (Table 3). An upper abdominal computed tomography (CT) showed liver cirrhosis (Figure 1). Examination of thyroid function showed an elevated level of thyroid stimulating hormone (TSH) and a decreased level of free triiodothyronine (FT3) (Table 4). We therefore initially considered a diagnosis of “decompensated stage of cirrhosis and subclinical hypothyroidism”.
She tested negative for hepatitis viruses and negative for autoimmune hepatitis, and the cause of cirrhosis was unknown. She was subsequently hospitalized twice for abdominal distension with yellow staining of the sclera, but these symptoms resolved after administration of a liver protectant and a diuretic to reduce swelling. After discharge, she still reported repeated abdominal distension and discomfort, which gradually became worse from 2020 Oct 1. Since the initial presentation, her liver function indexes have fluctuated. The thyroid function tests indicated a decreasing level of triiodothyronine (T3) and an increasing level of TSH, indicating progression from subclinical hypothyroidism to clinical hypothyroidism.

History of past illness
She reported loss of vision 30 years ago, with no obvious cause, and had no history of long-term heavy drinking, taking a Chinese medicine, exposure to toxic substances, surgery, or trauma.

Personal and family history
We designated the index patient as proband II-1, and analyzed her pedigree (Figure 2). She had five siblings (3 sisters, 2 brothers), all of whom had night blindness, and one sister (II-4) was completely blind. Her parents had no night blindness or impaired vision, but their marriage was consanguineous (first cousins).
We performed serum biochemical examinations of the father (I-1) and all siblings (Table 5). The mother (I-2) was too old to travel to our institution for testing. The AST level was elevated in all 7 individuals, and fasting blood glucose was decreased in the father and 4 siblings. Two siblings had elevated levels of high density lipoprotein cholesterol (HDL-C), and one had a low level. The T3 Level was low in two siblings, and the TSH level was high in three siblings. Some of the siblings also had elevated levels of TBIL and apolipoprotein A-I (APOA1).
CT examinations showed that neither the father (I-1) nor the mother (I-2) had cirrhosis (Figure 3A and B). Sibling II-2 had cirrhosis (Figure 3C), but siblings II-3, II-5, and II-6 did not (Figure 3D-F). Abdominal color ultrasound indicated that sibling II-4 had a fatty liver.

Physical examination
A physical examination indicated she had a BMI of 22.22. There was also evidence of chronic liver disease, visible spider nevi, and palmar erythema. She had no vision in either eye, and no K-F rings in the corneas. A cardiopulmonary examination showed no obvious abnormalities. Her abdomen was slightly distensible and was positive for shifting dullness. There was moderate pitting edema in both lower limbs.

Laboratory examinations
2020 Oct 14: Blood lipid analysis indicated an HDL of 1.42 mmol/L. Hepatitis A virus, hepatitis B virus, and hepatitis C virus related tests were all negative.
2021 Jan 17: All antibody tests for autoimmune liver diseases were negative.
2021 Jul 16: Examination of ascites indicated the Rivalta test was negative, the WBC count was 50 × 106/L, total protein (TP) was 5.50 g/L, adenosine deaminase (ADA) was 3.4 U/L, glucose (GLU) was 8.71 mmol/L, and lactate dehydrogenase (LDH) was 48.8 U/L.

Imaging examinations
2020 Oct 15: Color Doppler ultrasonography of the thyroid showed bilateral thyroid cysts.
2020 Oct 23: A plain CT scan of the upper abdomen with enhancement showed cirrhotic ascites with splenomegaly (Figure 1).
We suggested more extensive examination of a liver biopsy to clarify the cause of cirrhosis, but this was not possible because the patient did not consent. The index patient was one of 6 siblings; II-2 was similar (night blindness complicated with cirrhosis and hypothyroidism), II-5 was completely blind in both eyes, and the other three had obvious night blindness. We considered the possibility of GLD, and suggested molecular genetic analysis. After receiving informed consent, we collected peripheral blood samples for whole-exome sequencing (Figure 4, Table 6). The results indicated the presence of the deletion/insertion mutation C.802-8_810delinsGC (homozygous) in the cytochrome P450 4V2 (CYP4V2) gene and the transcoding mutation C.413dupA (heterozygous) in the dual oxidase activator 2 (DUOXA2) gene. The same CYP4V2 mutation was present in I-1, I-2, II-2, II-3, II-5, II-6, II-3, and II-5 also had the DUOXA2 mutation. Patient II-4 did not receive genetic testing because he lived in Tianjin.

FINAL DIAGNOSIS
Combined with the patient’s medical history, the final diagnosis was decompensated active cirrhosis and hypothyroidism.

TREATMENT
Drugs were given to protect the liver, reduce jaundice, and promote diuresis to eliminate ascites.

OUTCOME AND FOLLOW-UP
After discharge, the patient continued to experience abdominal distension and jaundice repeatedly, and the treatments had limited efficacy.

DISCUSSION
We used whole exome sequencing to identify a CYP4V2 gene mutation in the index patient and in her parents and siblings. Both parents were heterozygous for the mutation, and had no night blindness or vision loss. Among the five siblings of the index patient (II-1), II-2 and II-5 were heterozygous, II-3 and II-6 were homozygous, and all of them had night blindness or more severe visual impairment. Patients II-1, II-3, and II-5 also had a DUOXA2 heterozygous mutation, but II-2 and II-6 only had the CYP4V2 mutations. Notably, upper abdominal CT of II-1 and II-2 indicated liver cirrhosis. CYP4V2 is in the cytochrome P450 family, and functions in the hydroxylation of long-chain fatty acids and in anti-inflammatory reactions. This suggests that a defective CYP4V2 gene may cause chronic liver injury by altering fatty acid metabolism and increasing inflammation in the liver, which subsequently progresses to liver fibrosis and cirrhosis.
The CYP4V2 gene has 11 exons, is located at 4q35.1-q35.2, encodes a protein with 525 amino acids, and is expressed in almost all tissues and organs of the human body. It has high expression in the retinal pigment epithelium (RPE) and in cultured RPE cells (ARPE-19), but is only rarely detected in the corneal epithelium. The outer section of the retina contains a disc membrane rich in rhodopsin, and the lipids of these discs are mostly palmitic acid, stearic acid, oleic acid, and docosahexaenoic acid (DHA); eicosapentaenoic acid (EPA) is a minor retinal lipid. CYP4V2 dominates the metabolism of EPA and DHA in the retina[10].
A pathogenic variation of CYP4V2 can lead to Bietti crystalline corneal and retinal dystrophy (BCD), a disease with autosomal recessive inheritance. BCD is characterized by choroidal retinal degeneration with yellow-white crystals or complex lipid deposits in the retina and cornea. BCD is rare in Caucasians, but has a higher prevalence in Asians. It is a progressive disease, and most patients experience some vision loss at the age of 10 to 40 years-old, and legal blindness often occurs when the patient is 40 or 50 years-old[11]. The CYP4V2 gene functions in the decomposition and elimination of fatty acids from the retina, so a mutation in this gene presumably affects lipid metabolism in the RPE. At the age of 23, the index patient had gradually decreased vision, and she developed legal blindness when she was 30 years-old. The other five siblings all had different degrees of visual impairment (mainly night blindness), although one of them was completely blind. These findings are consistent with the clinical characteristics of BCD.
CYP4V2 has high expression in the RPE and in tissues and cells that function in the metabolism of fatty acids and steroids, such as hepatocytes, the thyroid, and islet cells[12]. However, the CYP4V2 mutation responsible for BCD has little effect on these other tissues and organs[13]. There is evidence that BCD patients have increased serum levels of triglycerides (TGs), total cholesterol (TC), and low density lipoprotein cholesterol (LDL-C)[14]. Previous research reported that CYP4V2 was a selective hydroxylase of saturated medium-chain fatty acids, and had high catalytic efficiency for creatine and lauric acid[15]. In addition, CYP4V2 expression is also associated with production of arachidonic acid ω-hydroxylase, suggesting it may contribute to arachidonic acid metabolism. There is also evidence that overexpression of functional CYP4V2 alters lipid homeostasis in cultured liver cancer cells (Hep G2). In particular, the levels of EPA and DHA were significantly increased in Hep G2 cells that expressed the mutant enzyme CYP4V2[10]. These many studies indicate that CYP4V2 functions in fat metabolism, is strongly expressed in the liver, and that mutations can affect liver fatty acid metabolism. In agreement, we found abnormalities in the blood lipids of the index patient and her family, and the level of HDL-C was high or borderline-high in patients II-1, II-2, II-5, and II-6, although the molecular mechanism of this effect remains unclear. However, elevated HDL-C promotes reverse transport of peripheral cholesterol into the liver, and thus increases hepatic cholesterol accumulation. Long-term disorders of fatty acid metabolism that lead to hepatic lipid accumulation can cause or exacerbate liver disease.
There is evidence that leukotriene B4 (LTB4) reduces the uptake of free fatty acids by adipocytes, and increases leukocyte tissue infiltration and inflammatory responses via the production of inflammatory cytokines and chemokines, thus contributing to the pathogenesis of non-alcoholic fatty liver disease (NAFLD)[16]. CYP ω-hydroxylase converts LTB4 into its 20-hydroxyl metabolite (20-OH LTB4), which reduces chemotactic activity against leukocytes. Notably, research indicated the activity of CYP ω-hydroxylase was significantly decreased and the level of LTB4 was significantly increased in the colonic mucosa of patients with inflammatory bowel disease[17,18]. Other studies showed that reduced activity of CYP ω-hydroxylase was associated with sclerosis and atopic dermatitis[19-21] and with neuroinflammation[22]. All of these results are consistent with our interpretation that the CYP4V2 gene mutation identified here promotes liver inflammation and injury.
The DUOX2 gene is located at 15q15.3, contains 34 exons, encodes a protein with 1548 amino acids, and is mainly expressed in thyroid tissues. This gene functions in the iodination of thyroid hormone, and catalyzes the production of H2O2. A pathogenic variant of this gene leads to thyroid dyshormonogenesis 5 (TDH5), an autosomal recessive disorder. The clinical manifestations of this disease include partial or complete loss of thyroid function, and elevated serum levels of TSH. There is also ultrasonography evidence of goiter in these patients[23]. However, mutation of the DUOX2 gene prevents the iodination of thyroid hormone, reduces the synthesis of thyroxine, and thus leads to hypothyroidism[24]. We found elevations of TSH in patients II-1, II-2, and II-4, and decreased levels of T3 in patients II-1 and II-5, consistent with mutations of the DUOXA2 gene.
Thyroid hormone contributes to the regulation of liver triglycerides. Thyroid hormone binds to a specific thyroid hormone receptor (THR), which is a transcription factor that regulates the expression of many genes that function in adipogenesis, such as adiposynthase, ACC1, and THRSP[25]. In addition, thyroxine indirectly regulates the transcription of other transcription factors, such as steroid regulatory element binding protein 1C (SREBP1C), liver X receptor (LXR), and carbohydrate reaction element binding protein (ChREBP), and thus regulates hepatic adipogenesis[26]. Although thyroid hormones stimulate fat production, patients with hyperthyroidism experience a net decrease in total liver triglycerides because the rate of fatty acid metabolism exceeds that of fat synthesis.
The mobilization, degradation, and β-oxidation of fatty acids by thyroid hormones contribute to an increased overall rate of fatty acid metabolism. The release of FFA in hepatocytes is caused by cellular lysozyme activity[27]. Thyroxine promotes the oxidative catabolism of hepatic fat by increasing the expression and activity of hepatic lipase and other mitochondrial enzymes required for fatty acid beta oxidation, including medium-chain acetyl-CoA dehydrogenase. In hypothyroidism, fat synthesis is reduced, but fatty acid mobilization, degradation, and oxidation are reduced even more, and this leads to the accumulation of triglycerides in the liver.
Thyroid hormone functions in the regulation of cholesterol metabolism in the liver. On the one hand, thyroid hormone can strongly induce the expression of APOA1, scavanger receptor class B member 1 (SR-B1), and steroid regulatory element binding protein 2 (SR-EBP2), thus increasing the level of low density lipoprotein receptor (LDLR). This increases the transport of cholesterol from surrounding tissues into the liver[28]. On the other hand, thyroid hormone can also up-regulate hydroxymethyl glutarate monoacyl coenzyme A reductase (HMGR), thereby promoting cholesterol synthesis. The key enzyme in the transformation of cholesterol to bile acid is cholesterol 7α hydroxylase (CYP7A); thyroid hormone can increase the transcription of CYP7A, thus promoting the transformation of cholesterol to bile acid. Patients with hypothyroidism have reduced cholesterol synthesis, excretion, and transformation, but thyroid hormone has a greater effect on the LDL-C receptor than on HMGR. Thus, the overall effect of hypothyroidism is an increase in total cholesterol. In addition, patients with hypothyroidism have reduced oxidative stress and basal metabolic rate, leading to fat accumulation[29].
Thyroid hormone deficiency leads to increased TSH secretion, and TSH regulation of hepatic triglyceride metabolism is independent of thyroid hormone. TSH binds to the TSHR on liver cells, activates the cAMP/PKA pathway, thus increasing the expression and activity of SREBP-1C and triglyceride synthesis and promoting hepatocyte steatosis[30]. TSH also inhibits the synthesis of liver bile acids via the SREBP2/HNF4/CYP7A1 signaling pathway, resulting in reduced cholesterol conversion. As an upstream molecule, TSH increases hepatic gluconeogenesis and HMGC receptor (HMGCR) expression by regulating the cAMP/PKA/CREB signaling pathway, and it also promotes cholesterol and triglyceride synthesis[31-33]. Hypothyroidism can lead to chronic liver disorders in glycolipid metabolism, and the subsequent accumulation of triglycerides and cholesterol in the liver can lead liver disease. Promotes synthesis of triglycerides and cholesterol.
Our results indicated that a CYP4V2 gene mutation disrupted lipid metabolism in the liver, presumably due to an increase in inflammation. A DUOXA2 gene mutation causes insufficient thyroxine production and secondary TSH secretion, and these also affect glucose and lipid metabolism. Thus, mutations of both genes lead to even greater dysregulation of sugar and fat metabolism and contribute to chronic liver inflammation and injury. Two siblings in the family (II-1 and II-2) had cirrhosis. However, patient II-1 had mutations in both genes, but II-2 only had the CYP4V2 mutation. This suggests that the CYP4V2 mutation may have a stronger effect in causing chronic liver injury.
The onset of GLD usually occurs at an early age, but two patients in the family were more than 50 years-old. The mutations of the CYP4V2 or DUOXA2 genes described here may not have directly caused liver damage, but instead may have directly or indirectly altered the metabolism of glucose and lipids in the liver, thereby increasing liver inflammation. Notably, the index patient lived in a rural area with poor living conditions and had a low-fat diet, conditions that may be conducive to slowing the progression of liver disease. This may be one of the reasons for her late onset of liver disease. The mutations of the CYP4V2 or DUOXA2 genes indicated they have important functions in liver fat metabolism, and suggest there should also be hepatocyte steatosis. However, our color ultrasound and upper abdominal CT examinations did not indicate a fatty liver. We wanted to conduct a liver biopsy for confirmation, but the patient refused. The lack of a complete pathological diagnosis is thus a deficiency of our study. The apparent lack of a fatty liver in the index patient might be because the patient was close to end-stage cirrhosis, had a poor diet after disease onset, delayed seeking medical care, and did not show metabolic abnormalities. Although we examined the presence of GLD and CYP4V2 gene mutations in 8 individuals from a consanguineous family, it is generally considered necessary to analyze 3 separate families to establish a causal relationship. Unfortunately, this is often impossible for very rare conditions.

CONCLUSION
GLD is rare and can have complex clinical manifestations. This case report provides an improved understanding of one type of GLD. The onset of symptoms in patients with GLD can occur at any age, so the possibility of GLD should also be considered in adult patients who present with unexplained liver disease or cirrhosis. The diagnosis of GLD requires careful examination of clinical manifestations, a comprehensive analysis of family history, assessment of symptoms and signs in family members, and detailed pathological examinations and genetic testing. Clinicians who encounter patients with “liver disease of unknown cause” should therefore consider GLD, regardless of patient age.
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Figure Legends
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Figure 1 Computed tomography images of the upper abdomen of the index patient (II-1). A: Enhanced computed tomography (CT) (2020 Oct 23): The proportions of liver were disordered, the contour was not regular, and there was no obvious enhancement of liver parenchyma; the spleen was enlarged; a fluid density shadow was evident in the abdominal cavity; B: Scanning CT (2021 Oct 11): A fluid density shadow was present at the edge of liver; liver volume was increased; a liver fissure was widened, with uneven and blunt edges and no abnormal density foci; the spleen was enlarged and parenchyma density was uniform.

[image: WJCC-10-10346-g002]
Figure 2 Pedigree of the index patient (II-1). Square: Male; Circle: Female; White symbol: Normal vision; Gray symbol: Night blindness; Black symbol: Completely blind; Bordered symbol: Cirrhosis; Arrow: Proband; Two horizontal lines: Inbreeding of first cousins.
[image: WJCC-10-10346-g003]
Figure 3 Computed tomography images of the upper abdomens of six family members. A and B: I-1, I-2 (2022 Jan 20): The size and shape of liver and spleen were normal, and there was no obvious enhancement on enhanced scan; C: II-2 (2021 Oct 11): The proportions of the liver lobes were disordered and the contour was not regular; multiple low-density shadows were on the boundary, and elliptic shapes with different sizes were observed in liver, with a computed tomography (CT) value of about 13 HU; the spleen volume was significantly increased and the parenchyma density was uniform; there was no fluid accumulation in the abdominal cavity; D-F: II-3, II-4, and II-5 (2021 Oct 11): The liver was normal in size and shape had a smooth surface and a uniform density of parenchyma; the spleen was normal in size and density.
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Figure 4 Sanger sequencing results of cytochrome P450 4V2 in patients II-1, I-1, and I-2. The CYP4V2 in patient II-1 is a deletion/insertion mutation of C.802-8_810delinsGC that leads to the early termination of translation.

Table 1 Changes of liver function indicators in the index patient
	Date
	ALT, U/L
	AST, U/L
	TBIL, μmol/L
	DBIL, μmol/L
	IBIL μmol/L
	GGT, U/L
	ALP, U/L
	ALB, g/L
	GLO, g/L

	
	Ref: 0-40
	Ref: 0-34
	Ref: 5.1-19.0
	Ref: 1.7-6.8
	Ref: 1.7-13.2
	Ref: 0-50
	Ref: 40-150
	Ref: 38-51
	Ref: 20-30

	2020-10-14
	89.9↑
	259.6↑
	94.13↑
	44.45↑
	49.68↑
	40.70
	178.7↑
	25.30↓
	51.7↑

	2020-10-20
	58.9↑
	164.7↑
	90.92↑
	39.89↑
	51.03↑
	35.77
	158.5↑
	33.03↓
	43.0↑

	2021-01-14
	86.9↑
	182.5↑
	109.91↑
	60.62↑
	49.28↑
	37.60
	69.9
	21.20↓
	55.3↑

	2021-01-26
	61.0↑
	159.2↑
	71.90↑
	44.26↑
	27.64↑
	28.60
	87.5
	27.70↓
	30.0

	2021-04-18
	63.7↑
	204.4↑
	102.32↑
	68.26↑
	34.06↑
	31.40
	117.4
	24.00↓
	35.6↑

	2021-04-25
	46.2↑
	151.8↑
	79.40↑
	53.25↑
	26.15↑
	28.80
	105.3
	30.60↓
	32.3↑

	2021-07-14
	53.3↑
	164.7↑
	95.24↑
	65.73↑
	29.51↑
	34.00
	116.7
	25.30↓
	34.7↑

	2021-07-25
	36.72
	113.5↑
	80.00↑
	57.63↑
	22.37↑
	-
	-
	33.78↓
	27.7


Here and below: Bold number with upward arrow, abnormally high; bold number with downward arrow, abnormally low. ALT: Alanine transaminase; AST: Aspartate aminotransferase; TBIL: Total bilirubin; DBIL: Direct bilirubin; IBIL: Indirect bilirubin; GGT: Gamma glutamyl transpeptidase; ALP: Alkaline phosphatase; ALB: Albumin; GLO: Globulin.

Table 2 Changes of blood cell counts and hemoglobin in the index patient
	Date
	WBCs, × 109/L
	RBCs, × 1012/L
	HB, g/L
	PLTs, × 109/L

	
	Ref: 3.5-9.5
	Ref: 3.8-5.1
	Ref: 115-150
	Ref: 125-350

	2020-10-14
	3.25↓
	3.5↓
	120
	62↓

	2021-01-13
	8.94
	3.3↓
	122
	46↓

	2021-01-26
	2.56↓
	2.8↓
	97↓
	50↓

	2021-04-18
	3.21↓
	2.9↓
	102↓
	58↓

	2021-04-22
	2.49↓
	2.7↓
	108↓
	51↓

	2021-07-14
	3.13↓
	3.0↓
	105↓
	56↓


HB: Hemoglobin; PLTs: Platelets; RBCs: Red blood cells; WBCs: White blood cells.
Table 3 Changes of coagulation function indicators in the index patient
	Date
	INR
	PT, s
	APTT, s
	FIB, g/L

	
	Ref: 0.8-1.3
	Ref: 10.0-15.0
	Ref: 21.0-35.0
	Ref: 2.0-4.0

	2020-10-14
	1.53↑
	17.03↑
	56.73↑
	1.54↓

	2021-01-13
	1.25
	15.60↑
	31.63
	2.06

	2021-01-26
	1.47↑
	17.90↑
	38.77↑
	1.24↓

	2021-04-18
	1.54↑
	18.79↑
	42.95↑
	1.30↓

	2021-04-22
	1.58↑
	19.36↑
	43.93↑
	1.18↓

	2021-07-15
	1.43↑
	17.02↑
	39.93↑
	1.37↓


APTT: Activated partial thromboplastin time; FIB: Fibrinogen; INR: International normalized ratio; PT: Prothrombin time.

Table 4 Changes of thyroid function indicators in the index patient
	Date
	T3, ng/mL
	T4, µg/dL
	FT3, pg/mL
	FT4, ng/dL
	TSH, µIU/mL

	
	Ref: 1.3-3.1
	 Ref: 5.0-14.5
	 Ref: 2.3-4.0
	 Ref: 0.6-1.2
	Ref: 0.35-5.10

	2020-10-14
	0.66↓
	9.27
	2.14↓
	0.94
	5.18↑

	2021-01-13
	0.62↓
	7.65
	2.17↓
	0.96
	4.74

	2021-07-26
	0.43↓
	5.62
	1.57↓
	0.91
	6.56↑


FT3: Free triiodothyronine; FT4: Free thyroxine; T3: Triiodothyronine; T4: Thyroxine; TSH: Thyroid stimulating hormone.

Table 5 Serological test results of the index patient (II-1) and her relatives
	Patient
	ALT, U/L
	AST, U/L
	TBIL, μmol/L
	HDL-C, mmol/L
	APOA1, g/L
	T3, ng/mL
	TSH, µIU/mL

	
	Ref:0-40
	Ref: 0-34
	Ref: 5.1-19.0
	Ref: 1.29-1.55
	Ref: 1.0-1.6
	Ref: 1.3-3.1
	Ref: 0.35-5.1

	I-1
	23
	41↑
	10.1
	1.51
	1.57
	1.74
	2.99

	II-1
	53.3↑
	164.7↑
	95.2↑
	1.42
	1.50
	0.43↓
	6.56↑

	II-2
	19
	54↑
	18.2
	1.88↑
	1.79↑
	1.96
	6.54↑

	II-3
	26
	59↑
	13.2
	1.42
	1.52
	1.83
	1.70

	II-4
	20
	50↑
	29.8↑
	1.17↓
	ND
	1.50
	5.29↑

	II-5
	10
	28
	22.8↑
	1.94↑
	1.83↑
	1.29↓
	1.55

	II-6
	22
	41↑
	16.4
	1.52
	1.71↑
	2.14
	3.13


ALT: Alanine transaminase; APOA1: Apolipoprotein A-I; AST: Aspartate aminotransferase; HDL-C: High density lipoprotein cholesterol; T3: Triiodothyronine; TBIL: Total Bilirubin; TSH: Thyroid stimulating hormone.

Table 6 Total exome sequencing results of gene mutations in the index patient (II-1) and her relatives
	Patient
	Gene
	Chromosome location
	Basic variation
	Zygosity
	Inheritance pattern

	I-1
	CYP4V2
	chr4: 187122319
	c.802-8_810delinsGC
	HTZ
	AR

	I-2
	CYP4V2
	chr4: 187122319
	c.802-8_810delinsGC
	HTZ
	AR

	II-1
	CYP4V2
	chr4: 187122319
	c.802-8_810delinsGC
	HMZ
	AR

	
	DUOXA2
	chr15: 45408785
	c.413dupA
	HTZ
	AR

	II-2
	CYP4V2
	chr4: 187122319
	c.802-8_810delinsGC
	HTZ
	AR

	II-3
	CYP4V2
	chr4: 187122319
	c.802-8_810delinsGC
	HMZ
	AR

	
	DUOXA2
	chr15: 45408785
	c.413dupA
	HTZ
	AR

	II-5
	CYP4V2
	chr4: 187122319
	c.802-8_810delinsGC
	HTZ
	AR

	
	DUOXA2
	chr15: 45408785
	c.413dupA
	HTZ
	AR

	II-6
	CYP4V2
	chr4: 187122319
	c.802-8_810delinsGC
	HMZ
	AR


AR: Autosomal recessive; CYP4V2: Cytochrome P450 4V2; DUOXA2: Dual oxidase activator 2; HMZ: Homozygous; HTZ: Heterozygous.
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