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Purpose: As a rare collagen type IV hereditary kidney disease, X-linked Alport syndrome (XLAS) is the most common form of
Alport syndrome, the prevalence of which is estimated at 1:10,000 of the population, four times higher than the prevalence rate of
autosomal recessive Alport syndrome. To describe a series of eight XLAS children with persistent hematuria and proteinuria and the
clinical outcomes after hydroxychloroquine (HCQ) treatment to assess its efficacy as early intervention.

Patients and Methods: The study retrospectively analysed 8 patients with persistent hematuria and proteinuria at different onset
ages who were diagnosed with XLAS and been treated with HCQ. The urinary erythrocyte count, urinary albuminn were measured.
Descriptive statistics were used to estimate the patients’ responses to HCQ treatment after one month, three months, and six months.
Results: After the first month, the three months, and the six months of HCQ treatment, the urinary erythrocyte counts of four, seven,
and eight children were significantly reduced; the decreasing proteinuria was found in two, four, and five children. Only one child with
increasing proteinuria was found after 1-month HCQ treatment. This proteinuria was maintained after 3-month HCQ treatment but
decreased to minor after 6-month HCQ treatment.

Conclusion: We present the first potential efficacy of HCQ treatment in XLAS with hematuria and persistent proteinuria. It suggested
that HCQ could be an effective treatment to ameliorate hematuria and proteinuria.
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Introduction
A triad of symptoms including hemorrhagic nephritis, deafness, and ocular changes, first reported by Arthur C. Alport in
1927, was named Alport syndrome.' As a rare hereditary disease, its incidence was reported 1/5000—1/50,000.> Among
the three genetic forms of Alport syndrome (X-linked form, autosomal recessive form, and autosomal dominant form),
X-linked Alport syndrome (XLAS) is the most common affecting 80%-85% of Alport syndrome patients. XLAS is a rare
hereditary nephritis caused by mutations in the COL4A5 gene encoding the type IV collagen a5 chain.® These mutations
result in the reduction of a5 chain in glomerular basement membranes.* The prevalence of XLAS is estimated at around
1:10,000 of the population, a much higher prevalence rate than autosomal recessive and autosomal dominant forms.”

The mutations of COL4A45 gene cause the dysfunction of the glomerular filter; consequently, XLAS begins with
isolated microscopic hematuria and progresses to moderate albuminuria and severe proteinuria gradually. Patients were
eventually progress to renal failure as their illness progresses. The kidney failure risks for males with XLAS can be as
high as 50%, 90%, and nearly 100% by age 25, 40, and 60.°

To date, the treatment of XLAS and the delay in progression to kidney failure has been full of challenges. Although
interventions such as angiotensin-converting-enzyme (ACE) inhibitors, AT,-receptor antagonists, and conventional
renin-angiotensin-aldosterone system (RAAS) inhibitor could delay the onset of proteinuria and kidney failure, there
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are no curative therapies for AS.°’ In addition, the feasibility of gene therapy is uncertain.'® Exploration of new
therapies for this common cause of kidney failure in children is a priority.

Hydroxychloroquine (HCQ), a well-known immunomodulator approved for treating systemic lupus erythematosus
and rheumatoid arthritis,> may play an important role in XLAS treatment. The treatment using HCQ in the patients with
XLAS was inspired by a 17-year-old female who has 7-year history continued to present macroscopic hematuria and
proteinuria (Patient No.1). As it happened, she had biopsies demonstrating glomerular IgA deposits (++), for which she
was receiving HCQ. Surprisingly, therapy with HCQ produced a dramatic response to the patient’s renal status. After the
first month of treatment, the macroscopic hematuria disappeared and stabilized after 6-month treatment. Meanwhile, the
proteinuria characterized by the urinary albumin characterization index diminished from one plus protein (+ P) to
negative (—) after 3-month treatment with HCQ.

Recently, HCQ has been studied in immunoglobulin A nephropathy (IgAN).'" A randomized controlled trial found
that HCQ with optimized RAAS inhibition significantly reduced proteinuria in patients with IgAN over six months
without adverse events.'? Similar to IgAN, inflammatory and fibrosis also play an important role in AS progression. HCQ
may exert a therapeutic effect through its anti-inflammatory and immunomodulatory effects.This study describes a series
of eight XLAS children with persistent hematuria and proteinuria at different onset ages and the clinical outcomes after
they were admitted to the HCQ treatment at different treatment ages. The efficacy of HCQ as an early treatment
intervention for XLAS disease was explored.

Materials and Methods

The study retrospectively analyzed 8 patients with persistent hematuria and proteinuria at different onset ages who were
diagnosed with XLAS and been treated with HCQ. The inclusion criteria were listed the following: the children aged 0—
18 years that confirmed XLAS; the patient have a persistent hematuria and proteinuria condition and were received HCQ
treatment. Exclusion criteria: the duration of HCQ treatment was less than 6 months.

After obtaining approval from the ethics committee of Shanghai Children’s Hospital (No. 2019R063-E02) and written
informed parental consent, all eight XLAS children with hematuria and proteinuria (five males and three females) were
treated with HCQ from January 2019 to June 2021. At the time of research enrollment, the children had followed up and
received Benazepril/Valsartan over 6 months. Demographics and clinical information including sex, the disease onset
age, inclusion age for starting HCQ treatment, age for the onset of microalbuminuria, age for the progression from
microalbuminuria to proteinuria, the family history, and hearing and ocular abnormality were retrospectively collected.
Renal pathology data were also acquired in patients. For children with persistent hematuria and proteinuria of unknown
etiology, a renal puncture biopsy was recommended. Given the nature of COL4A45 gene mutations in XLAS patients and
the strong correlation between the age at kidney failure and COL445 genotype in males with XLAS,’ data on gene
mutations were collected for the assistance of disease diagnosis and genotype-phenotype correlation analysis.

Diagnoses of XLAS were confirmed by the combination of pathologists’ interpretations and consultation with pediatric
nephrologists in Shanghai Children’s Hospital. Alport syndrome was first suspected when there was persistent glomerular
hematuria. The likelihood increased with a family history of Alport syndrome or renal failure; or when the characteristic
clinical features (hearing loss, lenticonus, or retinopathy) were present. The diagnosis of XLAS was confirmed if the
glomerular basement membrane (GBM) was lacked of the collagen IV a5 chains, if this chain was absent from skin, or
a pathogenic mutation in COL4A5 was identified. All the exons and exon-intron boundaries were analyzed using next-
generation sequencing in six patients. There were five missense mutations and one deletion mutation in gene COL4AS5
(Table 1). Their renal function was normal. All were previously healthy, and HCQ medications had not been used.

All the patients with XLAS were treated with HCQ orally at a dose of 6.5mg per kilogram twice a day for at least six
months. Patients No.1, No.2, and No.6 were previously treated by Benazepril and the other patients were previously
treated by Valsartan. During treatment with HCQ, all patients received Benazepril (2-4mg/m?. d). The dosage of
Benazepril remains unchanged during 6-month HCQ treatment. Variation in hematuria was recorded by collecting the
urinary erythrocyte count of first morning urine after the treatments. Proteinuria was tested by urinary albumin
characterization of first morning urine. We recommend that patients come to our outpatient for first morning urine
testing every 1 month. All the patients avoided urine testing during infection condition.
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Table | Characteristics of the Eight Patients

Patient Sex Onset Inclusion Renal Gene Collagen IV Immunofluorescence | Electron Previous
No. Age(yr) | Age(yr) Biopsy Mutation* Microscopy Treatment
Age(yr)

| Female | 9.7 17 1.5 COL4A5 Kidney a5(IV) IgA(++) Minor glomerular Benazepril
c.688G>A chains is negative abnormalities

2 Male 3.6 10.5 ND ND Skin a5(IV) chains ND ND Benazepril

is negative

3 Male 2.1 33 2.8 COL4A5 Kidney a5(1V) ) Minor glomerular Valsartan
c.2404G>A chains is negative abnormalities

4 Male 2 9.8 53 COL4AS5 Kidney a5(1V) -) Minor glomerular Valsartan
c.4688G>A chains is negative abnormalities

5 Female | 2 16.5 12.6 COL4A5 Kidney a5(IV) IgA() Uneven thickness of | Valsartan
EX3_36DEL | chains is negative glomerular basement

membrane
6 Male 0.9 5.2 37 ND Skin a5(IV) chains -) Mild mesangial Benazepril
is negative proliferation

7 Male 2 9.8 6,2 COL4A5 Kidney a5(1V) ) Mild mesangial Valsartan
c.2641G>A chains is negative proliferation

8 Female | 3.8 12 9.5 COL4AS5 Kidney a5(1V) -) Uneven thickness of | Valsartan
c.1259G>A chains is negative glomerular basement

membrane

Note: *Reference sequence GRCh37 (hgl9).
Abbreviation: ND, Not done.

The severity of hematuria was graded into three categories according to the urinary erythrocyte count (> 100/High
power Field (HP), 50-100/HP, < 50/HP). The severity of proteinuria was graded into six categories based on urinary
albumin characterization: -(negative, less than 10 mg per dL), = (trace, 10 to 20 mg per dL), + P (30 mg per dL), ++P
(100 mg per dL), +++ P (300 mg per dL), ++++ P (1000 mg per dL). The intervention results at one month, three months,
and six months during the HCQ treatment were retrospectively obtained. The liver and kidney function and ophthalmic
examination during the HCQ treatment were obtained for monitoring adverse effects following HCQ therapy. Descriptive
statistics were used to characterize the variations of the hematuria and proteinuria with the elapsed time after HCQ
treatment. The severity of hematuria and proteinuria in the eight patients were evaluated by Chi-square test.

Results
Study Participants

The clinical characteristics and pedigree data of eight cases we included were summarized in Table 1 and Supplementary
Table 1. Patients’ onset ages ranged from 0.9 to 9.7 years, and their inclusion ages ranged from 3.3 to 17. In all cases, the
renal condition was manifested as different degrees of proteinuria and hematuria. Patients No.l and No.3 showed
macroscopic hematuria with minor glomerular abnormalities, and the other six patients showed microscopic hematuria.
Apart from Patient No.2, all other patients had glomerular abnormalities or mesangial proliferation.

Patient Outcome

After the first month of HCQ treatment, the macroscopic hematuria of both patients (Patient No.l, No.3) was recovered.
Also, the urinary erythrocyte counts of four patients (Patient No.1, No.2, No.3, No.4) were all reduced (Table 2) and
maintained at 6 months follow-up. The urinary erythrocyte counts of the other four patients (Patient No.5, No.6, No.7,
No.8) were then generally reduced at 3 months follow-up and continued to decrease at 6 months follow-up (Table 2).
Patients with decreasing urinary erythrocyte count increased with the elapsed time after HCQ treatment from 4 to 8, as
shown in Figure 1. This result is also illustrated in Figure 2. The severity of hematuria in the eight patients significantly
decreased with the elapsed treatment time (p<0.05). Meanwhile, Figure 1 also shows that the number of patients with
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Table 2 The Responses of the Eight Patients to HCQ

Patient Baseline At | Month At 3 Month At 6 Month

No. Gravity | Erythrocyte” | Proteinuria* | Gravity | Erythrocyte” | Proteinuria* | Gravity | Erythrocyte” | Proteinuria* | Gravity | Erythrocyte” | Proteinuria*
| 1.018 >100 +P 1.015 10-15 +P 1.011 15-25 - 1.020 15-25 -

2 1.021 >100 ++++ P 1.022 75-100 +++ P 1.022 15-25 +++ P 1.022 25-35 +++ P

3 1.024 >100 +P 1.020 10-15 +P 1.018 10-15 +P 1.025 10-15 +P

4 1.015 75-100 ++P 1.010 5-10 +P 1.016 25-35 +P 1.018 3-5 ++ P

5 1.015 35-50 +P 1.026 35-50 +P 1.022 35-50 +P 1.015 5-10 +

6 1.019 >100 - 1.020 >100 +P 1.015 75-100 +P 1.010 15-25 +

7 1.020 >100 +++ P 1.018 >100 +++ P 1.024 25-35 +P 1.022 35-50 *

8 1.026 50-75 * 1.025 50-75 + 1.028 35-50 + 1.025 25-35 -

Notes: “Urinary erythrocyte count (/HP), *Urinary albumin characterization.
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Figure | The varied number of patients with the elapsed time after HCQ treatment.
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Figure 2 The hematuria changes of the eight patients to HCQ therapy (p<0.05). The severity of hematuria was categorised into three stages according to the urinary
erythrocyte count (> 100/HP, 50-100/HP, < 50/HP). All patients maintained < 50/HP after the 6-month treatment of HCQ.

decreased proteinuria increased with the elapsed time after HCQ treatment from 2 to 5, though there is one patient with
increasing proteinuria.

All patients’ biochemical indicators of liver and kidney function were normal during the 24 weeks HCQ treatment.
There was no significant difference in the change of eGFR. The patients’ ophthalmic examination and vision were normal

after HCQ therapy. None of the patients had severe adverse events during treatment.

Discussion

In this series of eight XLAS children with different degrees of proteinuria and hematuria, the hematuria of the eight
XLAS patients was significantly relieved following HCQ treatment. The proteinuria of the five XLAS patients was
decreased after the 6-month HCQ treatment, other three patients had stable protein amount. There were limitations in the
accuracy of urine protein characterization which may affect the statistics of the proteinuria level. In addition, insufficient
sample size can also affect the statistical significance.

At present, no cure has been identified available for XLAS.'>'* RAAS inhibitor therapy only slows down the development of
clinical symptoms.” Now, many new drugs have been used in clinical studies to treat Alport syndrome (AS). Bardoxolone Methyl
and lademirsen are the most concerned new drugs in recent years.'* Bardoxolone Methyl, an Nrf2 activator, which used as an
antioxidant inflammation modulator in the CARDINAL Trial (NCT03019185)."> The completed Phase 2 clinical trial showed
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that Bardoxolone Methyl could increase the estimated glomerular filtration rate (éGFR) in patients with AS.'® Bardoxolone may
be attractive for AS patients with declining GFR. Nevertheless, Bardoxolone Methyl increased the level of albuminuria, which is
strongly positively associated with an increased risk of progression to kidney failure.'® For young AS patients with normal GFR,
Bardoxolone Methyl seems undesirable.'” Lademirsen (SAR339375), which was used in the HERA trial (NCT02855268), can
modify the microRNA-21 expression in the kidney. The microRNA-21 has been participated in regulating inflammatory
responses and fibrotic. Since the decline of GFR was closely associated with increased interstitial fibrosis and tubular atrophy
in AS patients. Anti-fibrotic and anti-inflammatory therapies such as lademirsen may benefit younger AS patients.'*'?

Similarly, HCQ has anti-inflammatory and immunomodulatory effects. Several studies have demonstrated that HCQ
reduces the production of cytokines, including TNF-a, IL-6, IFN-0.2%%! 1t is possible that the inhibition of TNF-q, IL-6,
and IFN-o expression alleviates the inflammation response resulting from mesangial cell activation. The mesangial cell
inflammatory response may contribute to subsequent podocyte and tubular injury, and HCQ could relieve the injury by
inhibiting the inflammatory response. However, its exact role in linking inflammation and XLAS has remained unknown.
Further research is required with a large number of cases to explore the linkage between inflammation and XLAS.

A wide range of side effects such as cardiovascular, dermatological, digestive, hematological, metabolic, ophthalmo-
logic were reported to be associated with HCQ use.”” The occurrence of side effects was related to the duration and
dosage of HCQ use. The daily dose associated with the best compromise between efficacy and safety is important. In our
research, low doses for short-term use were safe to children apply.

Conclusion

In this case series, we investigated the efficacy and safety of combining HCQ and RAAS inhibition in XLAS with hematuria and
persistent proteinuria for eight patients. Overall, HCQ may be a potential therapeutic option to ameliorate hematuria and
proteinuria for XLAS. The XLAS patients also showed good tolerance and compliance with a combination of HCQ and RAAS
inhibition therapy. The limitations of our study were that it was retrospective and the small sample size. Further studies with
a high evidence-based medicine level were necessary to verify these observations. We have registered a randomized controlled
trial at ClinicalTrials.gov (NCT04937907) to systematically explore the role of HCQ in treating children with XLAS.
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