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Cost-effectiveness analysis of enzyme replacement therapy (ERT)
for treatment of infantile-onset Pompe disease (IOPD) in the
Iranian pharmaceutical market

1 s +2,3,%
Reza Hashempour', Majid Davari
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, Abolghasem Pourreza', Mohammadreza Alaei’,

' Department of Health Management and Economics, School of Public Health, Tehran University of Medical Science, Tehran, Iran;

2 Department of Pharmacoeconomics and Pharmaceutical Administration, Faculty of Pharmacy, Tehran University of Medical Science, Tehran, Iran;
* Pharmaceutical Management & Economics Research Center, Tehran University of Medical Science, Tehran, Iran;

* Department of Pediatric Endocrinology, Faculty of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Tran.

SUMMARY Infantile-onset Pompe disease (IOPD) or acid maltase deficiency is a rare metabolic disorder. It
is caused by a deficiency in functioning of the enzyme acid alpha-glucosidase and leads to the
accumulation of glycogen in the liver, heart, muscle, and other tissues. Myozyme is an effective drug,
but it imposes a heavy financial burden on societies and healthcare systems. Therefore, this study
was conducted to analyze the cost-effectiveness of Myozyme compared to conventional therapy
for the treatment of IOPD. PubMed, Scopus, Web of Science, and Cochrane library databases were
searched on December 2018 to identify the effectiveness of Myozyme versus conventional therapy.
Then, a cost-effectiveness and a cost utility study were conducted in patients suffering from IOPD.
In this cost effectiveness and cost utility analysis, Markov and decision tree models were used for
modeling. Model parameters were obtained from international data, and the perspective of the payer
was considered. Every cycle was one year; the model was run for 22 cycles. TreeAge pro 2011 was
used for analysis. Finally, one-way and probabilistic sensitivity analyses were performed. Two papers
were included and 39 patients were evaluated as the treatment group in both studies. Results revealed
the effectiveness of Myozyme. Results also revealed a wide range of adverse reactions. Enzyme
replacement therapy (ERT) resulted in 4.21038 quality-adjusted life years (QALY) per $381,852.
The incremental cost per QALY was $96,809 and the incremental cost per life years gained (LYG)
was 74,429 over a 22-year time horizon. Sensitivity analysis indicated the robustness of the results.
Myozyme is effective for IOPD and could increase the life expectancy of patients significantly.
However, since the calculated incremental cost per QALY was 17 times higher than the GDP per
capita of Iran, Myozyme is not cost effective in Iran.

Keywords Myozyme, enzyme replacement therapy, Pompe disease, cost-effectiveness, Iran

1. Introduction

Pompe disease is an inherited metabolic disorder
that is also known as acid-maltase deficiency or
glycogen storage disease type 2 (GSD type 2) (/,2).
The disease is caused by a mutation in the acid alpha-
glucosidase gene, which is necessary for degradation of
glycogen (3). A deficiency of acid-maltase causes the
accumulation of glycogen in the lysosomes of the heart,
liver, skeletal muscle, and other tissues (4,5) and it has
destructive effects on muscles (6). This stored glycogen
first affects skeletal and cardiac muscles (7) and then
causes feeding abnormalities, cardiac hypertrophy,

weakness, respiratory insufficiency, hypotonia, and
eventually death (8). The incidence of this orphan
disease is 1 in 40,000 live births (9).

There are two forms of Pompe disease, infantile-
onset Pompe disease (IOPD), and late-onset Pompe
disease (LOPD) (/0). IOPD is more severe and appears
in the first months of life (/7). The early symptoms
are cardiomegaly, muscle weakness, hepatomegaly,
hypotonia, and death in the first year of life (/7). LOPD
(i.e. juvenile- and adult-onset) can occur as early as
the age of 1 year to as late as the sixth decade of life
(3,11,12). The age of the onset of symptoms depends
on the severity of the deficiency in acid-maltase. The

www.irdrjournal.com



131 Intractable & Rare Diseases Research. 2020; 9(3):130-136.

more severe the deficiency, the faster the symptoms
appear (/3).

Enzyme replacement therapy (ERT) with human
acid alpha-glucosidase (Myozyme) has been available
since 2006 for both IOPD and LOPD (/4). Studies
have indicated that Myozyme can improve the survival
rate, respiratory efficiency, and cardiac and motor
function (/3). However the improvements depend
entirely on the age and onset of drug therapy (§);
the sooner the treatment is started, the outcomes are
better. Nonetheless, there are two main problems with
Myozyme. First it requires high dosages and it has a
low level of effectiveness (/5). Second, the cost of
Myozyme is substantial and imposes a substantial
burden on healthcare systems and societies. Two studies
have conducted economic evaluations in developed
countries (/2,16) but no study has economically
evaluated ERT in a developing country like Iran.
Therefore, the aim of this study was to perform a
cost-utility analysis of Myozyme versus conventional
therapy to treat IOPD in Iran.

2. Materials and Methods

This study was approved by the Tehran University
of Medical Sciences ethics committee (approval No.
IR.TUMS.SPH.REC.1396.2902).

2.1. Study design

A cost-utility analysis was conducted for ERT in patients
with classic IOPD. Currently, ERT is the only treatment
available for patients with IOPD. There is no medical
comparator for treatment of IOPD and thus conventional
therapy was considered as a comparator of Myozyme in
this study. Conventional therapy consists of ventilatory
care, nutrition, and care in the pediatric intensive care
unit (PICU). Quality-adjusted life years (QALY) was
the main outcome in the current study. The local cost
of treatment was converted to US dollars based on the
exchange rate in 2017. A lifetime time horizon was used
to model costs and QALY for different alternatives.

2.2. Measurement of effectiveness

A systematic search of PubMed, Scopus, Web of
Science, and Cochrane library databases was conducted
prior to December 2018 to identify the best available
published evidence on the effectiveness of ERT for
IOPD. The details of this systematic review are presented
elsewhere (/7).

2.3. Assessing costs and cost-effectiveness
The perspective of the payer for healthcare was

considered when calculating the cost of medication and
relevant care. Only direct medical costs were measured

when calculating the cost of treatment. In addition to the
cost of Myozyme, the cost of injection and the treatment
of adverse reactions were calculated in the ERT arm.

The price of Myozyme was obtained from the Iran
Food and Drug Administration (IFDA), which is the
only organization in charge of approving medicines in
Iran. The cost of Myozyme was calculated based on
the Myozyme dosage, which was 20 mg/Kg every two
weeks. In order to calculate the cost of Myozyme, the
average weight of patients was first estimated. As each
Myozyme vial contains 50 mg of acid alpha-glucosidase,
the number of vials per person was calculated based on
the following formula (18):

Number of vials = (Average weight * 20)/50

In the no ERT arm, the cost of care in the PICU, as
the only cost driver, was estimated based on the number
of days hospitalized in the PICU and the per diem
price of care in the PICU. The average number of days
hospitalized in the PICU and the per diem price of care
in the PICU were obtained from the Iranian Book of
Medical Fees.

The incremental cost-effectiveness ratio (ICER) was
estimated using the following formula (/9):

ICER = (Cost of ERT — Cost of no ERT)/(QALY's gained
with ERT — QALY's gained with no ERT)

2.4. Modeling and Model parameters

A combination of a decision tree and a Markov model
was used to estimate total costs and QALY in the ERT
and no ERT arms by the end of the lives of patients with
IOPD. The Markov model was based on the stages of
Pompe disease. Although a published model evaluated
the costs and effects of ERT in treating Pompe disease
(12), that model was modified and improved based on
the actual condition of patients. That is, a stage of "Alive,
symptomatic" was added as the first stage because when
patients with IOPD receive ERT they are alive and also
have symptoms of the disease. Figure 1 shows all phases
of both ERT treatment and conventional therapy. Every
Markov cycle was considered to be one year. The model
was run using TreeAge pro 2011.

Model parameters including health status, transition
probabilities, and utility scores were obtained from
literature (Table 1). The utility scores for different health
statuses were obtained from two studies (/2,/6). In a
study by Castro ef al., the utility score was 0.70 for ERT
and 0.388 for no ERT (/2). However, a study by Kanters
et al. reported that the ERT group had an average utility
score of 0.62 (/6). The utility scores of Castro ef al.
were used in the current model and the utility scores of
Kanters et al. were used for sensitivity analysis. Discount
rates were not used because both costs and effects were
incurred during the same period (20,21).
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Figure 1. Model designed to analyze treatment of infantile-onset Pompe disease. This figure shows the phases of ERT treatment and

Conventional therapy. ERT, enzyme replacement therapy.

Table 1. Transition probabilities for enzyme replacement therapy (ERT) and conventional therapy

Stages
Pompe disease Probabilities Ref:
From To

ERT Alive, symptomatic Alive, symptomatic 0.33 (12)
Alive, symptomatic Adverse event 0.56 (29,30)
Alive, symptomatic Death 0.11 (12)
Adverse event Death 0.259 (12)
Adverse event Alive, symptomatic 0.741 (12)

Conventional therapy Alive, symptomatic Alive, symptomatic 0.08 (12)
Alive, symptomatic Death 0.92 (12)

2.5. Model assumptions

The model was designed based on the following
assumptions:

i) All patients receiving conventional therapy (no
ERT) die at the age of six months (22).

i) The utility score for the treatment group was 0.7
for all stages (/2). That is, the adverse events of ERT
were negligible and ignored in the current model.

iif) After the first symptoms of the disease develop,
patients are normally hospitalized due to the severity of
the disease (2).

iv) In the ERT arm, a fixed rate survival of 75% was
used for each cycle (/2).

v) Patients suffering from classic IOPD do not have
a normal growth rate due to feeding problems (22).
Nonetheless, a 5% weight gain was assumed for the
patients' growth rate based on expert opinions.

2.6. Sensitivity analysis

In order to assess the robustness of the model, a one-
way deterministic sensitivity analysis and a probabilistic

sensitivity analysis were performed. The costs and utility
scores were included in the sensitivity analysis.

3. Results
3.1. Effectiveness

The results of a systematic review indicated that only
two studies met the inclusion criteria for analysis.
Research questions included the population of interest
(IOPD), intervention (ERT), comparator (no ERT), and
outcome (survival or QALY). The details of the results
of that systematic review are presented elsewhere (17).

3.2. The cost of Myozyme

In order to calculate the cost of Myozyme, the average
weight of patients was first estimated. The average
weight of the patients was determined from 12 patient
profiles from the IFDA in 2018; patients included eight
females and four males. The weight of patients varied
from 5 to 15 Kg, with an average of 7.29 Kg. The
acceptable dose of Myozyme was 20 mg/Kg every other
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week. The number of vials per person was calculated
based on the following formula (/8):

Number of vials = (Average weight * 20)/50

The number of vials consumed per patient was 2.96-
3.0 every two weeks and 6 vials per month. Therefore,
72 vials of Myozyme were consumed in the first year of
treatment (the first Markov cycle) at a cost of $48,964.3.
However, considering the cost of all medications, the
total cost of the first cycle was $49,456.94 (Table 2).
According to the model's assumption, the weight of
patients will increase 5% each year. Thus, the cost of
Myozyme was increased by 5% for the following years
(cycles).

3.3. Other costs

The results of a literature review indicated that the
probability of an adverse event occurring was 56%
and that the probability of anaphylactic shock in
particular occurring was 1%. The risk of death due to
anaphylactic shock has been reported to be 50% (72).

1.087 years (0.422 QALYs) while ERT resulted in 6.015
life years (4.210 QALYs) on average. Based on the
calculated costs, the use of ERT increased the cost by
$366,777 and increased the life expectancy of patients
by 4.93 years (Table 3). That is, no ERT resulted in
$15,075 per 0.422 QALY and ERT resulted in $381,852
per 4.210 QALYs. Therefore, the ICER for ERT was
$74,852 per LYG (life year gained) and $96,809 per
QALY gained (Table 4).

3.5. Deterministic sensitivity analysis

In order to assess the robustness of the results, the effect
of the costs on ICER was first examined. The total cost
of ERT was reduced by 5, 10, and 20% to ascertain
how these changes would affect the results of ICER.
Although these changes reduced the value of the ICER
to $6,364, the current results were robust up to a 22%

Cost-Effectiveness Analysis

420000.00

400000.00 A No Treatment -
When patients suffer adverse events, they receive o
. . o R 360000.00 undominated
hydrocortisone, hydroxyzine, and an antihistamine. 34000000
. 320000.00
The respective cost of these drugs was $12.24, $13.6, 300000 05
and $13.6 (Table 2). 200000
260000.00
240000.00
3.4. Cost-effectiveness i
180000.00
. . 160000.00
Figure 2 shows the results of modelling. The results 14000000
of the 22-year model verified that no ERT resulted in N
80000.00
60000.00
40000.00
Table 2. The cost of the frst cycle 2000000 .
0.00
Drug Number Cost ($) 0.00 0.50 1.00 1.50 2,00 2.50 3.00 3.50 4.00 4.50
Effectiveness
; Hygrocort'lsone ;i 524 Figure 2. Cost effectiveness graph of treatment in comparison to
Hy roxyzine ’ no treatment. Although ERT resulted in more QALY in comparison
3 Antihistamine 24 13.6 . . ) . .
4 Admini . 2 4532 to conventional therapy, it was not a cost-effective option due to its
ministration : high cost. ERT, enzyme replacement therapy; QALY, quality-adjusted
5 Myozyme 72 48,964.3 .
life year.
Table 3. Cost-utility analysis results
Mean cost QALY ACER Incremental cost Incremental QALY ICER
No ERT 15,075 0.42174 35,745
ERT 381,852 421038 90,693 366,777 3.78864 96,809

ACER, average cost-effectiveness ratio; ERT, enzyme replacement therapy; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted

life year.

Table 4. Cost-efectiveness results

Mean cost LYG ACER Incremental LYG ICER
No ERT 15,075 1.08696 13,869
ERT 381,852 6.01482 63,485 4.92787 74,429

ACER, average cost-effectiveness ratio; ERT, enzyme replacement therapy; ICER, incremental cost-effectiveness ratio; LYG, life years gained.
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reduction in the cost of ERT.

The minimum and maximum value of utilities,
which ranged from 0.24 to 0.82, were also used to
assess the impact of these changes on the value of the
ICER. These changes modified the value of the ICER
from $358,945 to $81,318 per QALY, respectively, but
none of the scenarios were cost-effective.

3.6. Probabilistic sensitivity analysis

Gamma and a normal distribution were used in order to
determine the distribution of the costs and utilities (23).
Table 5 shows the range of variables used for sensitivity
analysis. A Monte-Carlo simulation was run for 1000
trials. The results of probabilistic sensitivity analysis
indicated that 100% of the ERT trials were not cost-
effective (Figure 3).

4. Discussion
The aim of this study was to assess the cost-effectiveness

of ERT (Myozyme) in comparison to conventional
therapy in the treatment of IOPD. The model indicated

Table 5. Range of variables for sensitivity analysis

that ERT could increase the life expectancy of patients
by 6.01 years, which is equal to 4.21 QALY's based on
utility scores.

The past performance of the IFDA indicated that
the IFDA has been using a cost-effectiveness threshold
equal to the GDP per capita. This is compatible with
World Health Organization (WHO) recommendation for
developing countries (24,25). A report by the Central
Bank of Iran indicated that the per capita GDP of Iran
was $5,757 in 2018 (26). The current results indicated
that the ICER was $96,809, which was 16.82 times the
GDP per capita of Iran in 2018 (24,25). Uncertainties
regarding parameters in the current study were
addressed through probabilistic sensitivity analysis.
This analysis indicated that the ICER was higher than
the recommended threshold value in all cases (100 %)
(Figure 3) and, therefore, confirmed the robustness of
the current findings.

The results of the current study are consistent with
the results of studies in many other countries (/2,16).
A cost-effectiveness analysis of ERT compared to no
treatment was performed by Castro ef al. (12). The ICER
per QALY was £234.308 and £109.991 for England as a

Variable Base case Range Distribution
Utility Treatment 0.7 0.5-0.9 Normal
Conventional therapy 0.388 0.2-0.576 Normal
Cost ($) Adverse event 89,787 116,794-62,780 Gamma
Alive, symptomatic 89,654 116,661-62,647 Gamma
Conventional therapy 402 0-1,017 Gamma

Incremental Cost-Effectiveness, Treatment v. No Treatment

950000
900000
850000
800000
750000
700000
650000
600000

550000 [

Incremental Cost

500000

450000

400000

350000 »
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Figure 3. Incremental cost effectiveness scatterplot of ERT versus no ERT. A PSA graph shows that all trials were far from the threshold and

that all trials were not cost-effective. ERT, enzyme replacement therapy.
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high-income country and Colombia as a middle-income
country, respectively. According to the National Institute
of Health and Clinical Excellence (NICE), the cost-
effectiveness threshold for England was £30,000 (27)
and that for Columbia was equal to $10,615 USD (28).
Therefore, the utilization of ERT was not a cost-effective
option for treatment of IOPD in either country.

The manufacturer's price for ERT and its monopoly
in England and Columbia had a great impact on the
final results of previous studies, but in the current study
the cost of Myozyme played a large role in the final
results of cost-effectiveness analysis. In modelling of
England, no treatment resulted in £149.187 per 0.16
QALY and ERT resulted in £1,337.12 per 5.23 QALYs.
In modelling of Colombia, no ERT resulted in £49.676
per 0.16 QALY while ERT resulted in £607.329 and
5.23 QALYs. The main difference is due to the price
variation in various countries. The difference between
those costs might be associated with the different
healthcare systems and health insurance. The costs of
both ERT and no ERT differ from the costs in Iran.
The QALY gained according to the study by Castro
et al. differed from the findings of the current study.
This could be attributed to both different sources
of international data and different modeling. For
example, the current study used data on an economic
evaluation conducted by Castro ef al. (12) and two quasi
experimental studies (29,30).

The findings of this study are consistent with those
of a study by Kanters et al. (16) who used a patient
simulation model to assess the cost-effectiveness of
ERT versus supportive therapy. Kanters et al. found that
life expectancy in patients receiving ERT was 14 years
and the incremental cost was £7 million. Likewise, the
incremental QALY was 6.8 and thus the incremental
cost per QALY gained was £1 million. One of the main
causes of variations in the results of different studies
could be attributed to the study's perspective. The
perspective of society is recommended, but many studies
adopt the perspective of the payer (37). The perspective
of society is a wider one (32) and includes all cost and
outcomes. The perspective of society was considered
in the study by Kanters et al., while the current study
considered the perspective of the payer to economically
evaluate care; indirect costs like lost productivity and
transportation costs were not included in the analysis,
so the overall costs may be underestimated. Therefore,
different perspectives may result in different costs and
outcomes.

This study has several limitations worth mentioning.
First, there were few patients. Second, international data
over a brief time period were used. And finally, a cost
analysis was not performed due to the small number of
patients.

In conclusion, Myozyme is effective for IOPD
and could increase the life expectancy of patients
significantly. Nonetheless, it imposes a heavy burden on

the healthcare system and society. The calculated ICER
was 17 times higher than per capita GDP of Iran in
2018. These findings suggest that the use of Myozyme
for IOPD is not cost-effective in Iran.
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SUMMARY Acute intermittent porphyria (AIP) is a rare inherited metabolic disease associated with heme
metabolism. Primary Sjogren's syndrome (PSS) is a common autoimmune disease. The combined
presence of AIP and PSS complicates treatment. A rare case of concomitant AIP and PSS is reported in
this paper. A 30-year-old woman with AIP had recurrent acute abdominal pain, nausea and vomiting,
constipation, persistent chest, back, and waist pain, red urine, positivity for porphobilinogen (PBG)
in urine and a pathogenic mutation of the HMBS gene. Two and a half years after she was diagnosed
with AIP, she was diagnosed with PSS based on dryness of the eyes and mouth, the elevation of
immunoglobulins (IgG and IgA) and positive results on an anti-SS-A antibody test, an anti-SS-B
antibody test, Schirmer's test and a labial gland biopsy. A mutation in the HMBS gene was detected in
the patient and her cousin, but the patient had more severe AIP and more severe symptoms (such as
epilepsy and a limp), which may be related to the co-morbidity of PSS. According to her PSS activity
score, the patient had an ESSDAI score of 9 and required systemic treatment. However, potential
medications were limited by AIP, so mycophenolate mofetil was eventually added to delay the
progression of the primary disease.

Keywords acute intermittent porphyria, primary Sjogren's syndrome, autoimmune disease, treatment

1. Introduction major challenges to the treatment of AIP and other

comorbidities in patients with PSS.

Acute intermittent porphyria (AIP) is an autosomal
dominant metabolic disease caused by gene mutations
that results in decreasing heme synthase activity
and accumulation of metabolic substrates, leading
to neurological dysfunction (/). Primary Sjogren's
syndrome (PSS) is a chronic inflammatory autoimmune
disease that mainly affects exocrine glands such as the
lacrimal and salivary glands (2) and that has a definite
familial aggregation.

Many drugs cause the acute aggravation of AIP.
If a patient with PSS has a score > 5 on the EULAR
Sjogren's syndrome disease activity index (ESSDAI)
(indicating moderately active PSS), the patient needs to
receive systemic treatment in addition to local treatment.
However, the key drugs used in systemic therapy,
such as methylprednisolone and cyclophosphamide,
can induce the acute onset of AIP. This poses

To date, there are few reports of patients with both
AIP and autoimmune diseases, and most have AIP and
systemic lupus erythematosus (SLE). At present, one
case of AIP and PSS has been reported in Sweden (3).
Reported here is a case of AIP and PSS, and this study
explores its potential pathogenesis and difficulty in
terms of treatment selection.

2. Patient and Methods

This study was reviewed and approved by the ethics
committee of the Second Hospital of Hebei Medical
University, and the patient and her family provided
informed consent. All clinical data of the patient
were collected. The patient and her cousin underwent
exon gene sequencing, and genes related to AIP and
immunodeficiency disorders were analyzed. The
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ESSDALI scoring criteria were used to score the activity
of PSS, and systemic treatment was required with
an ESSDALI score > 5. The safety of glucocorticoids,
immunosuppressants, and biological agents was analyzed
based on references from the American Porphyria
Foundation (www.porphyriafoundation.com) and the
European Porphyria Network (www.porphyria-europe.
com).

The current case involved a 30-year-old woman who
had episodic abdominal pain for six years and a dry
mouth and eyes for three and a half years.

Six years ago, in the fifth week of pregnancy,
the woman developed acute and severe diffuse
abdominal pain, accompanied by nausea, vomiting,
constipation, persistent chest, back, and lower back
pain, and red urine. Examinations revealed positivity
for porphobilinogen (PBG) in urine and a mutation in
the hydroxymethylbilane synthetase (HMBS) gene: c.
806C>G (p.Thr269Arg) (Figure 1). The woman was
diagnosed with severe AIP. In the six years after she was
diagnosed, she had 17 acute episodes with two severe
attacks. The first severe attack happened five years ago.
The second day after undergoing a Cesarean section,
the woman had severe abdominal pain, accompanied
by headaches, dizziness, blurred vision, and seizures.
Her blood pressure was 170/110 mmHg. A skull MRI
revealed reversible encephalopathy syndrome. The
second severe attack happened two years ago. The
woman had severe abdominal pain after a cold, flaccid
paralysis of the limbs, and muscle atrophy in the left
hand. Each attack was treated with high concentration of
glucose, heme arginate, an analgesic, and a beta blocker
to lower blood pressure; the condition was relieved for
one-three weeks.

Three and a half years ago, the woman developed
a dry mouth and eyes and the sense of binocular
gravel. Test results (Table 1) indicated that serum
immunoglobulins (IgG and IgA) were elevated, and
serum anti-SS-A antibody, serum anti-SS-B antibody,
Schirmer's test were positive. A labial gland biopsy
revealed moderate destruction of some of the acini,

GCCGTIGCATAC AGCTATG C
181 193

Figure 1. Detection of a mutation in the HMBS gene causing
porphyria: c. 806C>G: p.T269R.

and interstitial scattering and multifocal infiltration
of lymphocytes and plasma cells (grade 4) (Figure 2).
Consequently, the woman was diagnosed with PSS. The
woman was given artificial tears. PSS has gradually
progressed over the past three and a half years. The
woman developed mumps 3 times, and rampant
dental caries and tooth loss gradually appeared. Serum
immunoglobulin continued to rise (IgG: 16.70—28.00
g/L, IgA: 5.23—6.24 g/L). Complement C3 continued
to decrease (C3: 0.91—0.59¢g/L).

Since the onset of AIP six years ago, routine urine
testing has continued to reveal proteinuria (+), and 24-
hour urine protein revealed proteinuria (0.65-1.05 g/
day) that went untreated. Five years ago, the woman
was diagnosed with Hashimoto's thyroiditis (subclinical
hypothyroidism), and she was given Euthyrox 50 ug/d.
Three years ago, intermittent purpura developed on the
skin of the lower limbs after physical activity, though
this was not treated.

Among the woman's family members, a cousin
had similar attacks of abdominal pain, but the
symptoms were mild, and there were no symptoms
such as a dry mouth and dry eyes. Whole exon
sequencing revealed a heterozygous missense mutation
HMBS:NM 000190:exon12:¢.806C>G (p.Thr269Arg)
in the woman and her cousin. The results of first-
generation sequencing indicated that the mutation was
inherited from her father and not found in her mother.
Analysis of the whole exon sequencing data from the
woman and her cousin revealed three heterozygous
missense variants related to immunodeficiency disorders:
PSMBS&: ¢c.272G>A (p.Arg91GlIn), IRF8: ¢.105G>C
(p-Met351le), and CR2: ¢.3268C>A (p.Pro1090Thr) were
carried by the woman but not by her cousin.

Table 1. Specific laboratory results related to dryness of
the eyes and mouth

Laboratory test Test result Determination
IgA 523 g/L H.
1egG 16.70 g/L H.
Anti-SS-A antibody 114 +
Anti-SS-B antibody 71 +
Schirmer's test R =2/mm, L =3/mm +

H: elevated; Positive +

Figure 2. Microphotograph of a biopsied specimen from the
patient's labial gland
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3. Results and Discussion

This report has described a case of AIP and PSS. On the
one hand, typical clinical manifestations of AIP and a
known HMBS gene mutation (c. 806C>G (p.T269R))
were identified. On the other hand, there were typical
clinical manifestations of PSS such as dry eyes and a dry
mouth, the elevation of immunoglobulins (IgG and IgA)
and the results of Schirmer's test, an anti-SS-A antibody
test, an anti-SS-B antibody test, and a labial gland biopsy
were all positive. A mutation in the HMBS gene was
detected in the patient and her cousin, but the patient
had more severe AIP, more frequent seizures, and more
severe symptoms (such as epilepsy and a limp), which
may be related to the co-morbidity of PSS.

SS is an autoimmune disease that primarily affects
the exocrine glands and is thought to be the result of a
combination of heredity and environment. Bacterial or
viral infections activate the immune system, which may
cause susceptible individuals with SS to develop SS
(4). Accordingly, whole exon sequencing data from the
patient and her cousin were analyzed. Three heterozygous
missense variants related to immunodeficiency disorders
were found: PSMBS: ¢.272G>A (p.Arg91GlIn),
IRFS8: ¢.105G>C (p.Met351le), and CR2: ¢.3268C>A
(p-Pro1090Thr) were carried by the patient but not by her
cousin. However, whether these three variants are related
to the clinical phenotype of patient needs to be studied
further.

The treatment of AIP and PSS is more complex than
treatment of PSS alone because drugs that may induce the
acute onset of AIP must be avoided. The treatment of PSS

includes symptomatic treatment and systemic treatment.
According to the 2019 EULAR recommendations,
patients with an ESSDAI score > 5 require systemic
treatment. The patient also had cutaneous purpura, renal
damage, hypothyroidism, and other extra-glandular
lesions with dry mouth and eyes. Her ESSDALI score was
9 (Table 2), so systemic treatment must be given at the
same time as symptomatic treatment. Glucocorticoids
are the drug of choice for the systemic treatment of PSS,
and medium-acting glucocorticoids are the first option.
Prednisolone and triamcinolone can be safely used in
patients with AIP, but the current patient refused to take
them due to concerns of being overweight and having
a family history of diabetes. Immunosuppressants are
a second option, with cyclophosphamide being used
most often, but it can induce the acute onset of AIP and
thus could not be given to the current patient. Other
immunosuppressants such as mycophenolate mofetil,
azathioprine, cyclosporine, and methotrexate can all
be used safely (Table 3). Mycophenolate mofetil can
inhibit the proliferation of activated B cells and reduce
serum immunoglobulin levels (5), and especially in
patients with PSS associated with hyperglobulinemia and
glomerulonephritis (6). Cyclosporine-A mainly inhibits T
cell proliferation and is nephrotoxic (7,8). Azathioprine
can not be used together with febuxostat (9), and has
potent myelosuppressive action (/0). Methotrexate is
commonly used to alleviate the symptoms of arthritis
(11) and skin lesions (/2) in patients with PSS. In the
current patient, hyperglobulinemia (-) was considered
to be associated with purpura. Given renal damage
and anemia in this patient, mycophenolate mofetil was

Table 2. Specifc clinical manifestations indicated by a patient's disease activity score

Affected area Level of disease activity

Specific manifestations

Glandular domain Moderate activity = 2

Major glandular swelling: Enlarged parotid glands (ultrasound of the parotid gland reveals

that the right parotid gland is about 5.5 x 2 cm in size and the left parotid gland is about 5 x

1.5 cm in size)
Cutaneous domain
Renal domain
Hematological domain
Biological domain

Moderate activity = 2
Moderate activity =2

Low activity = 1
Moderate activity = 2

Purpura of the ankle

Moderate renal involvement: Glomerular involvement with proteinuria (1.05 g/d)
Cytopenia of auto-immune origin: Anemia (hemoglobin: 117 g/L)

High IgG level: 1gG of 28.00g/L

Total ESSDALI score: 9.

Table 3. Safety of glucocorticoids, immunosuppressants, and biological agents commonly used for PSS in patients with AIP

Items Glucocorticoid Immunosuppressant Biological agent
NP/PNP Prednisolone (Medium-acting) Mycophenolate mofetil Rituximab
Triamcinolone (Medium-acting) Azathioprine
Betamethasone (Long-acting) Methotrexate

PSP Hydrocortisone (Short-acting)
Cortisone (Short-acting)
Prednisone (Medium-acting)
Methylprednisolone (Medium-acting)
Dexamethasone (Long-acting)

cyclosporine-A

Cyclophosphamide

NP, not porphyrinogenic; PNP, probably not porphyrinogenic; PSP, possibly porphyrinogenic.
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the most suitable. A biological agent is a third option.
Rituximab can be safely used in patients with PSS and
severe hemocytopenia or lymphoma (/3), but this drug
was not required in the current patient. Since the patient
was given artificial tears to relieve dry eyes, she was
given mycophenolate mofetil to delay the progression of
the primary disease.
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SUMMARY A very rare case of acute intermittent porphyria (AIP) co-existing Turner syndrome (TS) is reported

for the first time. A 32-year-old woman was diagnosed with AIP due to recurrent acute abdominal
pain, red urine and pathogenic mutation of Hydroxymethyl synthetase (HMBS) gene. At the same
time, TS was confirmed by Karyotype analysis results of 46,X,i(X)(q10), which accompanied by
primary amenorrhea, elevated serum concentrations of follicle-stimulating hormone (FSH). Since
the first attack of AIP, the patient has been increasingly depressed, and Psychiatry identified major
depression. Duloxetine was chosen after careful deliberation, and the patient's mood stabilized. AIP
had not recurred after half a year. Since sex hormones are the exacerbating factor of acute attack of
AIP, sex hormone replacement therapy for TS was not administered. In conclusion, the conditions of
AIP co-existing TS are complicate, and the treatment still needs to be improved by multiple disciplines

in the follow-up.

Keywords

1. Introduction

Acute intermittent porphyria (AIP) is a rare autosomal
dominant genetic disease characterized by a deficiency
in porphobilinogen deaminase (PBGD), the third
enzyme in the heme biosynthesis pathway. The enzyme
is coded for by the hydroxymethylbilane synthetase
(HMBS) gene; mutations in that gene cause decreased
PBGD activity and accumulation of precursors, leading
to nerve dysfunction and clinical manifestations of
acute abdominal pain and various neurological and
mental disorders (/).

Turner syndrome (TS), also known as congenital
ovarian dysplasia (2), is caused by complete or partial
deletion of the X chromosome and is one of the most
common chromosomal disorders in women. Clinical
manifestations include primary amenorrhea, a short
stature, abnormal bones, congenital heart discase,
endocrine abnormalities, and autoimmune diseases
(3,4). Reported here for the first time is a case of AIP
and TS occurring together, and this study discusses this
complex condition and difficulty in terms of treatment
selection.

2. Patient and Methods

acute intermittent porphyrin (AIP), Turner syndrome, HMBS gene, isochromosome, depression

The design of this study was reviewed and approved by
the Ethics Committee of the Second Hospital of Hebei
Medical University, and the patient provided written
informed consent. All clinical data on the patient
were collected. The patient underwent whole exome
sequencing and chromosome karyotype analysis. The
safety of drugs used to treat the patient was determined
based on standards of the American Porphyria
Foundation (www.porphyriafoundation.com) and the
European Porphyria Network (www.porphyria-europe.
com). The PubMed database was searched in July 2020
using the keywords "acute intermittent porphyria AND
Turner syndrome", and no articles were found.

This case involved a 32-year-old woman. The
woman had paroxysmal abdominal pain and depression
for two years.

Two years ago, she developed severe abdominal pain
after exertion, nausea and vomiting, and oliguria and
constipation. A physical examination was unremarkable.
An abdominal X-ray suggested partial ileus that was
alleviated with symptomatic treatment. Since then, the
patient had gradually worsening depression, increased
apathy, increased self-blame, fatigue, a poor appetite,
difficulty falling asleep, and early waking. The patient
had severe shortness of breath and was unable to talk
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or walk. The results of electrocardiography and cardiac
ultrasound were normal. The Hamilton Depression
Scale indicated major depression. Consultation with a
psychiatrist led to the diagnosis of major depression.
Within 2 years, the patient had 6 acute episodes of AIP,
4 of which were induced by severe depression.

The patient had primary amenorrhea. Her father's
height was 173 cm and her mother's height was 170
cm. Her parents are not cousins. Moreover, there are
no similar diseases in the family. Her younger brother
and sister are in good health. Physical findings from
the patient were a height of 153 cm (lifetime height
of 165.5 cm), a BMI of 17.5 kg/m’, and no shield
chest;short and webbed neck, cubitus valgus, and
Madelung deformity of the forearm and wrist. The
patient had Breast development Tanner stage 3, Pubic
hair Tanner stage 2. Measurement of sex hormone levels
revealed hypergonadotropic hypogonadism (FSH: 97.92
mlU/mL, LH: 21.05 mIU/mL, and E2: 28 pg/mL). A
Pelvic ultrasound revealed an underdeveloped uterus,
and neither ovary was evident. Karyotype analysis
revealed an Isochromosome Xq(46,X,i(X)q), indicating
Turner syndrome. Dual-energy absorptiometry (DXA)
revealed severe osteoporosis with low bone mineral
density (BMD) in the lumbar spine (Z-score of -4.7)
and low BMD in the femoral neck (Z-score of -3.9)

Figure 1. HMBS gene c. 673C>T (p. R225X).
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3. Results and Discussion

AIP is a rare inherited disease, with an annual incidence
of 0.13 per million and an estimated prevalence of 5.9
per million (5). TS is an uncommon sex chromosome
aneuploidy (45,X) that affects approximately 1 in 2,000
to 1 in 2,500 live female births (6-8). Therefore, a
combination of AIP and TS is a very rare clinical entity.
The patient was diagnosed with AIP based on
genetic testing. A heterozygous missense variation,
c. 673C>T, in the HMBS gene of the patient was
identified (p.R225X) (Figure 1). According to the
ACMG guidelines, it is a known pathogenic variation
(PMID:8533808) (9), and it is also the most common
HMBS gene variation observed in Chinese patients
with AIP (research results to be published).This
mutation occurs in exon 11, which is a termination
mutation, resulting in the premature termination of the
HMBS protein at position 225 during translation into
amino acids, and the loss of all 136 amino acids in the
C-terminal, including the C261 residue that is a binding
site for a cofactor that facilitates 1-hydroxymethylbilane
(HMB) formation, and the loss of function of PBGD.
The patient was diagnosed with Turner syndrome
based on a karyotype analysis. The specific karyotype
is 46,X,1(X)(q10) (Figure 2), that is, an isochromosome
for the long arm of the X chromosome. The short arm
of the X chromosome is missing and replaced by an
accurate copy of the long arm, which is one of the most
common structural abnormalities of sex chromosomes
(10). The SHOX gene, located at the distal end of the
short arm of the X chromosome, is associated with
chondro-development and is a phenotype of human
dwarfism. Deletion of the SHOX gene will lead to
height defects. Thus, almost all patients with Turner
syndrome have a short stature, i.e. a final height,
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Figure 2. Karyotype analysis of the patient: An isochromosome for the long arm of the X chromosome 46,X,i(X)(q10).
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usually no more than 150 cm, about 20 cm shorter than
the expected lifetime height (/7). However, the patient
diagnosed with TS in the current case did not have a
short stature but a natural height of 153 cm, which is
just 10 cm shorter than the expected lifetime height (163
cm). The mechanism for this is unknown and worth
exploring. The patient had natural breast development,
suggesting partial prepubertal ovarian function.

Worsening depression is evident in patients with
AIP and TS. A systematic review indicated that patients
with TS had an increased risk of depression, and once
depression developed, symptoms were more severe
and more likely to recur. This is associated with
decreased sex hormone levels and a short stature in
patients with TS. The current patient was diagnosed
with TS at the age of 32, and the delay in diagnosis
resulted in a chronic deficiency of sex hormones and
substantially increased the patient's risk of depression
(12). According to the literature, patients with AIP can
develop various mental and emotional issues at any
time during the course of the disease, such as anxiety,
depression, insomnia, behavioral abnormalities,
personality changes, and even hallucinations and
delirium. Depression is a very common one (/3). In the
current case, depression occurred after the first attack
of AIP and gradually worsened, indicating that AIP
caused the patient's depression. Various mood disorders,
including depression, are aggravating factors for AIP
(1/4). The untreated depression in the current patient
markedly increased the incidence and severity of AIP
attacks. In summary, the current patient had a high
risk of depression due to TS. AIP induced depression ,
conversely , depression aggravated the severity of AIP,
thus forming a vicious cycle. Accordingly, relief of
depression is key to solving the problem.

First-line antidepressants are currently chosen based
mainly on symptoms. Escitalopram and sertraline are
chosen for anxiety. Duloxetine and venlafaxine are
suggested for apathy. Mirtazapine is used for insomnia,
loss of appetite, agitation, and suicidal ideation. The
main symptom in the current patient was apathy.
Because drugs can contribute to AIP, clinicians treating
patients with AIP must choose drugs by carefully
reviewing the latest drug safety information, including
that from the American Porphyria Foundation (www.
porphyriafoundation.com) and the European Porphyria
Network (www.porphyria-europe.com). Duloxetine
was deemed the most appropriate drug for the current
patient. In this case, duloxetine was efficacious and
symptoms were significantly alleviated. The patient had
not suffered any acute AIP attacks in the half year prior
to this report.

Severe osteoporosis is another major clinical
manifestation that was noted the current patient.
Osteoporosis is related to ovarian failure and an estrogen
deficiency in patients with TS. The basic approach to
preventing osteoporosis in women with TS is to start

hormone replacement therapy as early as age 11-13, to
titrate to the adult dose two years later, and to continue
until menopausal age (7). Given that the current patient
also had AIP, a sex hormone, and especially progesterone,
would aggravate AIP, so hormone replacement therapy
was not administered for the time being. Once AIP is
stable, hormone replacement therapy may be cautiously
attempted.

As mentioned earlier, the diagnosis of AIP or TS is
often missed or delayed due to nonspecific symptoms,
leading to increased morbidity and mortality. With that
in mind, diagnosis requires a high index of suspicion,
and treatment should be started as soon as possible.

In conclusion, AIP and TS may occur together, and
the treatment for a patient with these comorbidities
needs to be improved upon during follow-up by
specialists in multiple disciplines.
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SUMMARY Klinefelter syndrome (KS) variants often share common features with classical syndrome but some
of these variants present with a distinct phenotype. The incidence of sex chromosome tetrasomy
and pentasomy are very less and generally diagnosed after prepubertal age. The early diagnosis of
complex and unclassified syndromes and it's correlation with genotype is necessary for personalized
treatment as well as genetic counselling of the affected families. We describe clinical presentation,
and genetic diagnosis of two cases of variant KS. Our first case, a 4 year old male child presented
with generalized tonic-clonic seizures (GTCSs), delayed milestones and dysmorphic features while
case 2, a-21 years old male who had history of seizures and delayed puberty came to our lab for
genetic diagnosis. The chromosomal analysis of case 1 and 2 showed 49, XXXXY and 48, XXYY
karyotype respectively. The karyotype results were confirmed with fluorescence in situ hybridization
(FISH) and array-CGH analysis. The FISH results were found to be consistent with karyotype
but the array-CGH results showed the extra gain of region Yp11.2 in case 1 while the extra gain
of region Xp22.33 in case 2. The cases were confirmed as variant KS on the basis of additional
sex chromosomes and clinical presentation of deteriorated brain development. The present study
suggests that the high doses of sex chromosome linked genes including pseudoautosomal region
(PAR) caused the abnormal brain development. The combination of molecular techniques should be
utilized for the diagnosis of such complex cases to understand the genotype-phenotype correlation
and appropriate genetic counseling.

Keywords Klinefelter variants, sex chromosome polysomy, pseudoautosomal region, complex psychological
behavior, deteriorated brain development

1. Introduction

Klinefelter syndrome (KS) variants are rare sex
chromosome aneuploidy (SCA), which generally
occur less frequently compared to classical KS (1:650
male births) (/-3). Sex chromosome tetrasomy and
pentasomy individuals share many features including
tall stature, undescended testis and hypergonadotropic
hypogonadism. According to the literature the
phenotypes in variant KS cases become more complex
as number of sex chromosomes involvement increased
(4). The presence of additional sex chromosomes
causes an overdose of genes leading to overexpression
of protein and affects the normal development of
the phenotype. The variant 48, XXYY (tetrasomy) is
found to be more common (1:18,000-1:40,000) SCA
as compared to 49,XXXXY (pentasomy) which is
estimated to be present in 1:85000-1:100000 male
births (5). The chromosomal aneuploidy occurs through
a non-disjunction mechanism in germ cells during

gametogenesis or early embryonic development.
However the number of extra chromosomes depends
on the type of participating gametes and time of the
events (6). The 46,XXYY variant mainly results due
to fertilization of a normal oocyte with a aneuploid
sperm and some times during postzygotic events while
49,XXXXY variant occurs from non- disjunction of
the X chromosome during both meiosis- I and meiosis-
IT stage of oogenesis. Thus an aneuploid oocyte is
fertilized with normal sperm (7,8).

The knowledge regarding complex psychological
behavior with deteriorated brain development in rare
cases of variant KFS are limited and only a few cases
are reported in the literature (9). We report genetic
analysis of two cases of variant KS present with
complex features and abnormal brain development.

2. Materials and Methods

Two cases with dysmorphic features with delayed
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milestones were referred to our cytogenetic laboratory
for genetic diagnosis. Blood samples were collected
in sodium heparin and ethylenediaminetetraacetic
acid (EDTA) vacutainers (2 mL in each tube). The
heparinized blood samples were used for cytogenetic
analysis while EDTA samples were utilized for
molecular analysis.

2.1. Conventional cytogenetics

The cytogenetic study was carried out by setting up
peripheral blood cultures at 37°C for 72 hrs according
to standard procedures (/0). Briefly, the cultures were
stimulated with phytohaemagglutinin (PHA) arrested
with colchicine (50 pg/mL) and treated with hypotonic
solution (KCL 0.56g/100 mL). The cells were fixed in
Carnoy's solution (Methanol: Glacial acetic acid; 3:1).
The chromosomal preparations obtained were subjected
to GTG banding (/7). At least 50 metaphases were
scored and 10 were karyotyped (approximately 350
band resolution) according to International System of
Chromosome Nomenclature 2016 (ISCN 2016) (/2).
The images were captured with a CCD camera attached
to Nikon 90i microscope (Japan) and analysis was done
using Applied Spectral Imaging software system (Inc.
Carlsbad, USA).

2.2. Fluorescence in situ hybridization (FISH)

Metaphases obtained from conventional cytogenetic
procedure were utilized for molecular cytogenetic study.
Fluorescence in situ hybridization (FISH) was carried
out using centromere specific (Vysis, Abbott Life
Sciences, USA) probe for X (Cat. No.05J10-033) and Y
(Cat. No. 05J08-035) chromosomes.

2.3. array-CGH

DNA was extracted from EDTA blood samples using
a commercially available DNA kit (QIAamp DNA
blood mini kit cat. No. 51104, Qiagen, Germany).
Chromosomal microarray analysis (CMA) was
performed using CytoPrime microarray. The cutoff
filter settings for the CMA test analysis were IMB for
clinically relevant losses and 2 MB for gains.

2.4. Case 1

A 4-year old male child, the first born of a healthy non-
consanguineous couple was referred to our cytogenetics
laboratory for chromosomal analysis due to generalized
tonic-clonic seizures (GTCSs) episodes, delayed
milestones and dysmorphic features. This male patient
was born at 8 months of pregnancy (preterm) through
lower (uterine) segment caesarean section (LSCS)
with moderately low birth weight. The mother of the
child had no obvious history of illness or medication

during pregnancy and her age was 30 years while the
father was 32 years old. On clinical examination, the
child had facial dysmorphic features such as slight
downward slanting of the eyes with epicanthic folds,
hypertelorism, low set ears, large pinnae, and flattened
nasal bridge. The speech development was normal
while the gross and fine motor development was poor.
The proband also had limb anomalies including genu
valgum and hyperlaxity of the upper limb. The Social
Quotient (SQ) was 75. The magnetic resonance imaging
(MRI) scan of the brain revealed demyelization of right
parietal sub white matter, mild prominence at lateral and
third ventricle with paucity of white matter. Brainstem
Evoked Response Audiometric (BERA) test showed
normal hearing ability. Ultra sonography (USG) of
kidney, ureter and bladder and Barium swallow study
revealed normal development. The study was carried out
with the consent of the father of the proband.

2.5. Case 2

A 21- years old male was referred to our cytogenetic
laboratory for chromosomal analysis. He had history of
delayed puberty. This male patient was born at full term
to non-consanguineous parents.. His mother brought him
to the laboratory for the diagnosis of delayed puberty.
The mother's age was 31 years while father was 36 years
old at the time birth of the affected child. There was no
obvious history of illness or medication of mother during
pregnancy. The child birth history revealed that this
affected patient was born with hypospadias and inguinal
hernia and the volume of testis was comparatively
low at the time of birth. The child also had history of
delayed cry. The child was diagnosed with hydrocele
at the age of 3 years and was corrected by surgery. The
child had history of delayed puberty and convulsion
disorder. During the prepubertal age of proband, mother
of the child noticed aggressiveness and poor social
behavior with family members. The proband also had
history of tremalansness (tremors), which developed
after the pubertal age. The clinical examination revealed
absence of pubic and axillary hair. The proportion of
upper and lower segment was not appropriate. The level
of luteinizing hormone (LH) was 21.5 IU/mL (normal
range 2.5-10 IU/mL) while follicular stimulating
hormone (FSH) level was 63.0 IU/mL (normal range
2.5-10 TU/mL). The level of testosterone was very low
(0.27 nmol/L). Thyroid stimulating hormone level was
212 plU/mL (normal range 0.4- 4.0 uIU/mL). He also
had an elevated level of creatine phosphokinase. The
MRI brain of proband revealed periventricular gliotic
changes in post parietal periventricular region with left
subtle atrophy of right hippocampal tail. The sibling
of the proband also had a similar history of medical
problems such as protruding tongue, hypertelorism and
seizures. The study was carried out with the consent of
the parents of the proband.
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3. Results and Discussion

The conventional cytogenetic analysis of case 1 revealed
49, XXXXY karyotype while case 2 was detected with
48,XXYY karyotype (Figure 1A and Figure 2A). The
karyotypes of parents of both patients were normal. FISH
results were consistent with conventional karyotype
results and showed four copies of chromosome X and
one copy of chromosome Y in case 1 while one extra
copy of chromosome X and Y in case 2 (Figure 1B and
Figure 2B). Mosaicism was not observed in both cases.
Further the chromosome gain and breakpoint were
confirmed by array-CGH analysis (750K CytoPrime
microarray system with Chromosome Analysis Suite
software designed by Affymetrix). The array-CGH
analysis of case 1 revealed a four copy number gain
of entire chromosome X (cytoband Xp22.33-q28) and
one extra partial copy number gain of chromosome
Y for region Ypl1.2 along with entire Y chromosome
i.e. arrffGRCh38] Xp22.33q28(251879-156004066)%4,
and arrffGRCh38]Yp11.2(2931110-6204020)x2 (Figure
1C). The array-CGH analysis of case 2 revealed a copy
number gain of chromosome X and Y i.e. arrf GRCh38]
Xp22.33q21.31(2785591-89149355)%2, arrf GRCh38]

Xq21.31-928(9110165-155641381)*2 and arrfGRCh38]
Yp11.2(2782099-26653790)*2 respectively. The array-
CGH analysis of case 2 also showed a gain at Xp22.33
region, which encompassed 24 genes i.e. arr[GRCh38]
Xp22.33(251879-2771493)x4 (Figure 2C). The array-
CGH analysis of the sibling of case 2 showed a normal
result. Apart from the entire intact chromosome the
array- CGH detected the extra gain of chromosome Y
with accurate break point (Ypl1.2) in case 1 and extra
gain of chromosomal region Xp22.33 in case 2 which
could not be detected by conventional method. The
array-CGH result confirmed the diagnosis as variant
KS in both patients with tetrasomy of chromosome X
and disomy (partial) of chromosome Y in case 1 while
tetrasomy (partial) of chromosome X and disomy of Y
in case 2.

The variants of KFS are generally defined on the
basis of variable number of sex chromosomes. The
incidence of KFS variants vary and it depends on the
type of chromosome involved. The incidence of variants
of KFS is reported to be 1:18,000 to 1:1,000,000 male
births and found to be rarer than classical KS (/3). Our
literature search revealed lack of information regarding
incidence, and genotype phenotype correlation on

1A 1B
id . A
e A S r L H 4
4 B - LY & :
. » X Chr. X
- 'I q . [ o i 9 N
1 2 3 4 5
-
1 0o . CR Y o e
e 3 ¢ o »
M B A i s o & < :‘;
3" T e as 14 “ aw i 7 v e Chr.Y
6 7 8 9 10 11 12
A - ‘] ia .y
u - - " ‘!_ g "N - “e p“ 31 T X2*
13 4 15 16 17 18 ) *Partial disomy of chr. Y for cytoband
¥p11.2 b
LR B Chr.Y MER
" o s -.\' u chr. X KA HIES
Mo . -
[ - L o 13 %] B A A I e
19 20 21 22 X Y THE RN TEEE TR T

Figure 1. Conventional and molecular cytogenetic analysis of case 1. (A) GTG banded karyotype showing 49, XXXXY karyotype.
(B) Tetrasomy of chromosome X (green) and single copy of chromosome Y (red) by FISH. (C) Array- CGH image showing tetrasomy of

chromosome X and partial disomy of chromosome Y for region Yq11.2.
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Figure 2. Conventional and molecular cytogenetic analysis of case 2. (A) GTG banded karyotype showing 48,XXYY karyotype. (B) Disomy
of X (green) and Y ( red) chromosomes by FISH. (C) Array- CGH image showing partial tetrasomy of chromosome X for region Xp22.33 and

disomy of chromosome Y.

www.irdrjournal.com




Intractable & Rare Diseases Research. 2020; 9(3):145-150. 148

Table 1. Comparison of clinical abnormalities of present cases with reported clinical presentations of SCAs

Clinical abnormalities observed in present study

S. No. Clinical presentation of sex chromosome polysomy in males”
Case 1 Case 2

1 Hypotonia in childhood + (mild) -
2 Hypergonadotropic hypogonadism + +
3 Dental problems - -
4 Asthma/ Reactive airways disease - -
5 Food/ Environmental allergies - -
6 Cardiac malformations - -
7 Intention and postural tremor - +
8 Radioulnarsynostosis/Congenital elbow dislocation + -
9 Congenital hip dysplasia - -
10 Pes planus/ Flat feet + +
11 Club foot - -
12 Inguinal hernia/Undescended testis - +
13 Deep vein thrombosis/ Pulmonary embolism - -
14 Hypothyroidism - +
15 Type 1l diabetes - -
16 Scoliosis - -
17 Seizure disorder + +
18 Strabismus + -
19 Recurrentotitis + -
20 Gastroesophagealreflux - +
21 Constipation - +
22 Obstructive sleep apnoea - -
23 Osteoporosis - -

"The clinical presentations mentioned in the above table are not necessary to be present in all cases of sex chromosome aneuploidies (SCAs).

variants of SCA. However the Genetic and rare disease
information center (GARD) is one of the important
rare genetic disease databases and included these
aneuploidies as numeric sex chromosome variations
(14). Our extensive literature survey found that different
types of KS variants (47,XYY; 48,XXXY; 48, XXYY,;
48,XYYY; 49, XXXYY; 49,XXXXY) including copy
number variations (CNV's) in sex chromosomes have
been reported. However the literature related to CNV's
are limited (/5). The SCA's occurs due to error in cell
division (non-disjunction) during gametogenesis or
post zygotic events. In case of mosaic trisomy (46,XY/
46,XXY), the non- disjunction takes place in somatic
cells during fetal development (7,8,16,17). The classical
features of KS include tall stature with eunuchoid
skeleton, pes planus, clinodactyly of fifth finger and
primary testicular insufficiency. The small volume of
testis is the major clinical presentation in KS individuals,
which leads to decreased production of testosterone and
ultimately affects male sexual development. However,
the clinical presentation of KS variants differs from case
To case and affects different systems of the body (Table
1) (18). Despite multiple reports on effects of SCA
and disease severity, the knowledge of abnormal brain
development is limited (/9,20). In our study we have
identified aneuploidy of sex chromosomes in both cases,
and it is evident that these anomalies occur denovo in
the index cases because parental cytogenetic analysis
revealed normal karyotypes. The non- disjunction
mechanism taking place during gametogenesis in one of
the parents may be the reason for the aneuploidy in the

proband. In addition, the microarray analysis showed
duplication of pseudoautosomal regions (PAR) PAR
1 and PAR 2 on the sex chromosomes. The abnormal
crossing over taking place in the sex chromosome
during gametogenesis involving the PARI and PAR 2
regions could be the reason for Copy number Variations
1.

In the present study, both cases were diagnosed
as Variant KS with novel karyotype. In Case 1, the
proband was diagnosed with 49, XXXXY karyotype.
The proband also had partial disomy of chromosome
Y for region Yp 11.2. Apart from the classical features
(undescended testis, genu valgum and hyperlaxity of
the upper limb) the proband also had brain anomalies
like demyelination of the right parietal sub white matter,
and mild prominence at lateral and third ventricle
with paucity of white matter. The gene dosage of sex
chromosomes were found to be associated with learning
disabilities and language development, because the
genes lying on the sex chromosome have a crucial role
in brain development and language pathways (22).

The 48,XXYY karyotype is an uncommon
chromosomal abnormality in humans. These anomalies
occur due to non- disjunction of homologous
chromosome during gametogenesis. The individual
with 48,XXYY karyotype generally presented with
tall stature, which became more significant during
adolescence (/8). In the present study, the proband
(case 2) was diagnosed with 48,XXYY karyotype and
also had partial tetrasomy X for the PAR region. The
proband presented with tall stature and detoriated brain
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development. Though Attention Deficit Hyperactivity
Disorders (ADHD) are more common (70%) in
48,XXYY cases, evidence related to etiological genetic
factors are limited. In our study we have identified
brain anomalies in both cases, which are found to
be associated with genotype. In our first case MRI
study revealed demyelination of right parietal sub
white matter, mild prominence at lateral and third
ventricle with paucity of white matter while the second
case shows periventricular gliotic changes in post
parietal periventricular region with left subtle atrophy
of right hippocampal tail. Similar clinical features
also reported as case reports suggested that the gene
dosage of X chromosome plays an important role in
development of white matter tracts and ventricles of
the brain and also reduces brain volume (9,22). Our
CMA (CytoPrime microarray) analysis identified copy
number gain at position Xp22.33 in case two, and the
genes lying on this chromosomal region (Xp22.33)
are found to be associated with ADHD and autism
spectrum disorder, however pathogenicity is not yet
clear (23). In case 1 apart from 49,XXXY Karyotype,
our CMA analysis also identified a copy number gain at
cytoband Yp11.2, which encompasses five genes (ZFY,
ZFY-AS1, LINC00278, TGIF2LY, PCDHI11Y) about
3.2MB in size. According to the literature, the gene
PCDH11Y (paralogue of PCDH11X) has an important
role in cell- cell recognition during development of the
central nervous system which might play a role in brain
development and reduced brain volume (24). Moreover
the genes present in pesudoautosomal region expressed
(2.0- fold in 48,XXYY, 48XXXY or 2.5- fold in
49, XXXXY) more as compared to classical KFS cases
because these genes can escape X-inactivation. The over
expression of these genes are found to be associated
with different developmental problems (25,26).

In conclusion, the diagnosis of variants of clinical
syndromes is important to understand the genetic nature
and phenotype presentation. Though chromosomal
aneuploidies are identified with routine cytogenetic
investigation, the microarray analysis helps in
identification of submicroscopic losses and gains, which
greatly helps in genotype-phenotype correlation and
appropriate genetic counseling.
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SUMMARY

Keywords

Alzheimer's disease (AD) is the most common cause of dementia with around 50 million people
suffering from this disease worldwide. Mutations in the ATP-binding cassette sub-family A member
7 (ABCA?7) have been reported to cause susceptibility to AD 9 (OMIM #608907). In this study, we
report a novel variant in ABCA7 in a Saudi patient with susceptibility to AD 9 and a strong family
history of neurodegenerative disorders, which may be explained by the same variant. We studied
a single 57-year-old female patient with typical symptoms of AD supported by MRI findings from
a Saudi family with a positive history of a similar disease in multiple individuals. The case study
was conducted in King Abdulaziz Medical City in Jeddah, Saudi Arabia. Whole-exome sequencing
identified the novel heterozygous variant ¢.3706C>T p.(Avg 1236Cys) in the ABCA7 gene,
which leads to an amino acid exchange. Furthermore, bioinformatics in silico programs predict a
pathogenic effect for this variant. To the best of our knowledge, the variant has not been described
in the literature so far as evidenced by a thorough literature review using multiple databases such as
Ovid, Medline, EMBASE, ProQuest, Science Direct, Google Scholar, and PubMed. In this article,
we reported a middle-aged Saudi woman with a novel variant in ABCA7 who had clinical features
of both AD and Parkinson's disease. Given the reported function of this gene, it is most likely that
it is etiological and pathological because of the presenting complex neurological disease due to
decreased clearance of B-amyloid and a-Synuclein. We illustrate the importance of this interesting
gene that could be implicated in several neurodegenerative disorders.

ABCA7, Alzheimer disease, dementia, mutation, Saudi Arabia

1. Introduction

Alzheimer's disease (AD) is a major public health issue
because of the rising cost of caring for the increasing
number of people suffering from this disorder (/). It
is a neurodegenerative protein-conformational disease
in which soluble neuronal proteins attain altered
conformations leading to abnormal neuronal function and
cell death. AD is the most common cause of dementia
with around 50 million people suffering from this disease
worldwide. It usually affects people above the age of
65 years (2). The early cardinal cognitive symptoms of
AD are impairment of memory, executive function, and
problem-solving ability. Behavioral and psychological
manifestations such as apathy, social disengagement, and
psychosis constitute the middle-late manifestations of

the disease. Atypical presentation in which memory loss
is not the initial manifestation could occur, especially
in those with an early-onset disease in the fourth and
fifth decade of life (3). Despite advances in medical
therapy and intensive research efforts, currently available
treatments have only marginal benefits with no cure or
preventive intervention (4).

The sporadic form of AD is the most frequent type
of AD with an age of onset usually after 60 years. The
familial form represents less than 1% of all cases with
early onset of the disease (the fourth and fifth decades
of life) (5). A Mendelian autosomal dominant pattern
of inheritance is seen in early-onset AD. The identified
causative mutations in 60 to 70% of early-onset AD are
in the following three genes: APP, PSENI, and PSEN2
located at ch 21q, chl4q, and ch 1q, respectively (6).
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In contrast to early-onset AD, the genetic basis of late-
onset AD is more complex with various and more
common genetic factors but with a lesser degree of
penetrance. However, the most penetrating genetic factor
acknowledged is the presence of the Apolipoprotein E
(APOE) epsilon 4 (g4) allele on chromosome 19. The
presence of two €4 copies increases odds of AD by
8-12 fold, while one &4 allele increases odds of AD by
2-3 fold compared with non-carriers (7). More than 20
other genes were identified by genome-wide association
studies, yet the increased AD odds ratio is modest,
ranging from 1-1.5 fold. These genes include CLU,
PICALM, BINI1, EPHAI, and ABCA7 (8-10). Mutations
in the ATP-binding cassette sub-family A member 7
(ABCA7) have been reported to cause susceptibility to
AD 9 (OMIM #608907). In this study, we report a novel
variant in ABCA7 for the first time in a Saudi patient
with susceptibility to AD 9 and a strong family history of
neurodegenerative disorders, which could be explained
by the same variant.

2. Materials and Methods
2.1. Genetic analysis

We included a female patient with typical symptoms of
AD supported by MRI findings from a Saudi family with
a positive history of a similar disease in other family
members. The diagnosis of AD was made according to
the DSM-5 (Diagnostic and Statistical Manual of Mental
Disorders, fifth edition) criteria. The case study was
conducted in King Abdulaziz Medical City in Jeddah,
Saudi Arabia. The genetic analysis was done by DNA
fragmentation, and the exons of the known genes in the
human genome, as well as the corresponding exon-intron
boundaries, were enriched using Roche NimbleGen
(SeqCap MedExome) capture technology, amplified and
sequenced simultaneously by Illumina technology (next-
generation sequencing, NGS) using an Illumina system.
The target regions were sequenced with an average
coverage of 106 fold. For about 99% of the regions of
interest, a 15 fold coverage and for about 98%, a 20 fold
coverage was obtained.

NGS data were aligned to the hgl9 genome
assembly. Variant calling and annotation was performed
using an in-house developed bioinformatics pipeline.
Identified single nucleotide variants and indels were
filtered against external and internal databases focusing
on rare variants with a minor allele-frequency (MAF) in
genomAD of 1% or less and removing known artifacts
and variants in regions with highly homologous regions.
Classification of variants was conducted based on the
American College of Medical Genetics guidelines
considering database entries (including the Human Gene
Mutation Database), bioinformatics prediction tools,
and literature status. Variants annotated as common
polymorphisms in databases or the literature or that were

classified as (likely) benign were neglected.

Putatively pathogenic differences between the
wildtype sequence (human reference genome according
to the University of California Santa Cruz genome
browser, hgl9 GRCh37) and the patient's sequence
mentioned and interpreted in this report were assessed
using the in-house established quality score. Variants
not passing the quality threshold were verified using
polymerase chain reaction amplification followed by
conventional Sanger sequencing. The sample identity
was ensured by internal quality management procedures.
This study was approved by the Institutional Review
Board (IRB) of the King Abdullah International Medical
Research Center (KAIMRC).

2.2. Case report

A 57-year-old lady presented to the neurology clinic
with memory impairment, difficulty in walking, and
abnormal muscle twitches of both upper and lower
extremities. The onset of her complaints started four
years ago after the death of her brother (her age at onset
was 53 years). In addition, her family has noticed low
mood, sleep deprivation, and episodic irritability. The
course of the disease has been gradually progressive, and
she struggles to remember her work-related tasks as she
is a school administrator. She is a university graduate
with a bachelor's degree in education. Her memory
loss has worsened over a period of two years, which
eventually has caused social impairment since she cannot
remember the names of her relatives. In addition, she has
complained of urinary incontinence for more than two
years. In terms of her medical background, she is a known
case of hypertension, diabetes, and hypothyroidism for
more than ten years as well as atrial fibrillation for more
than six years. She has been on aspirin, levothyroxine,
simvastatin, omeprazole, gliclazide, insulin, propranolol,
and mirtazapine. She is wheelchair-bound and dependent
on others in most of her daily living activities. She is
divorced and lives with her nephew. There is a strong
family history of neurodegenerative diseases in both
the central and peripheral nervous system affecting her
mother, sisters, and brothers (Figure 1). Two brothers
died at the age of 1 and 4 years, respectively, with no
obvious medical illness. Two other brothers died at the
ages of 38 and 45 years, respectively, with a neurological
disorder manifesting as gait difficulty, ataxia, dysarthria,
and nystagmus with normal cognitive functions. Two
sisters died at the ages of 4 years and three days,
respectively, with severe hypotonia and weakness. Her
mother and one older sister who died at the age of 60
years had similar clinical features to our index case.
On physical examination, she was afebrile and alert but
disoriented to time, place, and person. She recalled 0/3
objects upon short memory testing with a mini-mental
status examination score of 19/30. General knowledge
questions showed a partial impairment of her long term
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Figure 1. Family pedigree showing the details of the members of the family. Arrowhead indicates the proband included in this study.

Figure 2. MRI of the brain showing severe diffuse atrophy for her age with confluent periventricular white matter and bilateral centrum
semiovale abnormal signal intensity in keeping with moderate to severe microangiopathic leukoencephalopathic changes.

memory as well. However, her language was intact, and
her speech tone, volume, and fluency were normal. Her
cranial nerve examination from 2 to 12 was normal. She
has pyramidal signs with increased tone in both upper
and lower extremities and brisk symmetrical reflexes,
but her plantar responses were downgoing. She also has
extrapyramidal signs in the form of mild axial rigidity.
She was not able to walk, and her legs were stiff and
weak with a power of 2/5 in both proximal and distal
muscles. MRI of the brain showed severe diffuse atrophy
for her age with confluent periventricular white matter
and bilateral centrum semiovale abnormal signal intensity
in keeping with moderate to severe microangiopathic
leukoencephalopathic changes (Figure 2). To exclude
other differential diagnoses that may explain our patient's
clinical and radiological findings, spinal cord MRI and
electroencephalogram studies were done, which were
unremarkable. The final diagnosis was familial AD,
and her management was modified to include warfarin,
memantine, rivastigmine, and aggressive physiotherapy.

3. Results and Discussion

Whole exome sequencing identified the heterozygous
variant ¢.3706C>T p.(Avg 1236Cys) in the ABCA7 gene,
which leads to an amino acid exchange. Bioinformatics
in silico studies predicted a pathogenic effect for this
variant. To the best of our knowledge, the variant has not
been described in the literature as far as is evident from
a thorough literature review using multiple databases
including Ovid, Medline, EMBASE, ProQuest,

Science Direct, Google Scholar, and PubMed. The
variant is found in 0.003% of the overall population
(4 heterozygous (ages range from 40 — 45 to > 80), 0
homozygous; genomAD). No variants in other genes
related to AD or genes related to leukoencephalopathy
were identified. Considering the heterozygous variant
in ABCA7 and the supportive phenotype of the patient,
a genetic diagnosis of susceptibility to AD 9 (OMIM
#608907) was made. Genetic testing for the living family
members was suggested, but the idea was rejected by the
family.

The prevalence of AD in Arab countries is not
accurately evaluated in comprehensive epidemiological
studies (/7). In Saudi Arabia, there are approximately
130,000 persons suffering from AD representing 0.4% of
the Saudi population. Due to the shifting of the age of the
population towards the elderly, this number is expected
to increase in the coming two decades (/2). In a recent
study done by El Bitar ef al. (/3), a comprehensive
screening for point mutations in 117 AD cases from
Saudi Arabia was carried out by direct sequencing
of coding regions in four AD-related genes (PSENI,
PSEN2, APP, and SORL]I). They identified a total of
eight potential pathogenic missense variants in all studied
genes. The ABCA7 gene was not tested in that cohort
of patients. This indicates the importance of genetic
testing of cases of AD, especially those with early-
onset or strong family history of dementia. In addition,
performing whole-exome sequencing yields more than
targeted gene sequencing.

Familial AD (affecting three or more members in
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a family) represents 25% of all cases of AD (/4). Both
familial and non-familial AD have the same clinical
and pathologic phenotype, and the distinction can be
made only by family history and/or molecular genetic
testing. Familial AD can be either early-onset (before
age 65 years) or late-onset (age 65 years and above) (/4).
Susceptibility genes in late-onset familial AD (more than
20 genes) have a role in brain development, immune
functions, and cytoskeletal organization. In early-onset
familial AD, more than four genes have been identified.
Although the heritability of AD is about 70%, only 30%
of those cases can be explained from the known genes.
This can be explained by the phenomenon of complex
genetic disease/traits (/5).

ATP-binding cassette sub-family A member
7, abbreviated as (ABCA7) gene, is located on
chromosome 19p13.3. This gene encodes a protein
member of the superfamily ATP-binding cassette
(ABC) transporters (/6). ABCA7 expression is widely
distributed in the human body since it is found in the
brain, lung, adrenal gland, kidney, spleen, thymus,
lymph node, testis, keratinocytes, and pancreatic islets.
In the brain, the mRNA of 4BCA7 was most abundant
in microglial cells. The exact function of these (ABC)
transporters are not fully understood, yet it is proposed
that they interfere with lipid metabolism as well as
phagocytosing apoptotic cells (/7). In mouse models,
ABCA7 knock-out results in an interruption of the
uptake and the proteolytic functions of microglial cells
to degrade amyloid-beta peptides (AB). Therefore,
brain aggregations of AP plaques were enhanced in
those mice. Additionally, it is established that even
the production of (Ap) is increased and accelerated in
primary neurons of mice in the absence of ABCA7 by
further activation of the amyloid precursor protein (APP)
cleaving enzymes (/8). These findings provide us with a
better insight into the ABCA7 role in the pathogenesis of
AD. However, human model-based research studies are
needed for better understanding.

To date, the most common ABCA7 mutation
variants, with minor allele frequency (MAF) of more
than 5%, are rs3764650, rs3764647, rs115550680,
rs142076058, rs4147929, and rs3752246. These variants'
genetic penetrating capability and the predisposition of
developing AD are largely dependent on the ethnicity
of the studied population. ABCA7 variants rs3764650,
rs3752246, and rs4147929 are significantly linked and
reproduced among Caucasians (/9-217). The African
American population shows a large susceptibility for the
following ABCA?7 variants: rs3764647, rs115550680,
and rs142076058 (22-24). In addition, a rare (MAF <
1%) ABCA7 missense variant, 1s3752239, was detected
within African Americans as well (25). A low frequency
(MAF 1-5%) ABCA7 variant, rs78117248, with high
penetrating capability was reported by a Belgian cohort
study (26). It is hypothesized that the characteristics of
ABCA?7 are different, and only loss of function variants

can be causal variants. Missense mutations of this gene
are considered risk variants and not causal variants. More
time and further research are needed to clarify such a
theory.

In our patient, the presence of an ABCA7 variant
in this patient with early-onset AD with the presence
of clinical features of both AD and Parkinson's disease
suggests that this gene might be a risk factor for
neurodegeneration. This gene is hypothesized to be
involved in transport of phospholipid and cholesterol
across membranes to APOE. In addition, it has been
implicated in the activation of phagocytosis to clear
amyloid plaques and apoptotic cells. It is functional
throughout the brain and has been reported to be involved
in several disorders including Parkinson's disease, cystic
fibrosis, and tangier disease (27).

The definitive diagnosis of AD requires a
histopathological confirmation through biopsy.
However, this is rarely done in clinical practice due to
its inconvenience (28). Therefore, the diagnosis is made
upon the insidious progression of cognitive symptoms
and the implementation of the National Institute on
Aging and the Alzheimer's Association (NIA-AA)
diagnosing criteria (29). Radiological evaluation is
of great value in all suspected AD cases. MRI is the
modality of choice in which a characteristic focal
reduced hippocampal volume or medial temporal lobe
atrophy is demonstrated. In addition, functional brain
imaging with 18-F fluorodeoxyglucose positron emission
tomography (FDG-PET) or single-photon emission
computed tomography (SPECT) could be utilized as well
(30). In our patient, we think that the MRI findings of
severe white matter hyperintensity with subcortical white
matter changes are not related to her genetic abnormality.
This was confirmed by a thorough literature review that
yielded no articles discussing the relationship between
ABCA?7 variants and such radiological abnormality.

The limitation of this study involves the lack of
confirmation of the presence of amyloid in the brain,
which can be detected through amyloid PET imaging
or cerebrospinal fluid analysis. In addition, the
pathogenicity was not supported by a segregation study
since the other family members either have died or
refused genetic study. Furthermore, functional studies of
the variant in animal models were not performed due to
the unavailability of such technology in our center.

In this article, we reported a middle-aged Saudi
woman with a novel variant in ABCA7 who had clinical
features of both AD and Parkinson's disease. Given the
reported function of this gene, it is most likely that it is
etiological and pathological of the presenting complex
neurological disease due to decreased clearance of AP
and o-Synuclein. We illustrate the importance of this
interesting gene that could be implicated in several
neurodegenerative disorders. Further studies using
whole-exome sequencing should be utilized to screen
familial cases of AD in the Saudi population.
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Figure 1. Clinical imaging at hospitalization. (A) Head plane computed tomography show tumor suspected on the corpus callosum in the splenium
with perifocal edema. (B) Head gadolinium-T1-weighted (Gd-T1) magnetic resonance imaging reveals malignant tumor suspected on the corpus
callosum in the splenium (left; axial view, median; sagittal view, right; coronal view). (C) Magnetic resonance spectroscopy reveals a malignant

pattern.

Figure 2. Intaraoperative imaging. Neuronavigation-guided
endoscopic biopsy is performed via the low parieatal approach. (A)
Yellow arrows indicate the tumor on the corpus callosum in the
splenium. (B) The tumor is biopsied with forceps.

GBM or PCNSL (Figure 2A, 2B). Postoperative MRI
revealed good enucleation and no bleeding (Figure 3).
She had no new postoperative neurological deficits and
was pathologically diagnosed with diffuse large B-cell
lymphoma (DLBCL). She is currently undergoing
radiation chemotherapy with a modified Rankin Scale
score of 2. Regarding preoperative symptoms, ataxia
was considered to be visuomotor ataxia caused by
damage to the corpus callosum in the splenium, and
anorexia and depression were considered symptoms of

Figure 3. Postoperative imaging. Postoperative Gd-T1 magnetic
resonance imaging reveals the good enucleation of the tumor and no
bleeding.

the surrounding limbic system.

Informed consent was obtained from the patient for
publication of this case report and the accompanying
images, and the study design was approved by the
appropriate ethics review board.
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3. Discussion

To the best of our knowledge, reports of successful
early diagnosis by endoscopic biopsy for PCNS of the
corpus callosum with optic ataxia, such as the present
one, are rare (/,2).

Rondot P, ef al. (3) reports that visuomotor ataxia
(3,4) is a disorder of movement performed under visual
control. It can occur in the absence of disturbance of
ocular fixation and in the absence of spatial agnosia.
This disorder may extend over the whole visual field
or it may be localized to one visual half-field, right or
left. It may involve both hands or one hand only, so that
visuomotor ataxia may be divided into: (/) Unilateral
visuomotor ataxia, localized to a single field. In this
case it may affect both hands or a single hand. It is
direct when the hand is ataxic in the ipsilateral visual
field and it is crossed when the hand is ataxic in the
contralateral visual field; (2) Bilateral visuomotor
ataxia, involving the whole visual field. Each hand may
be ataxic only in the contralateral visual field, that is,
bilateral crossed visuomotor ataxia; or in the ipsilateral
field when it is called bilateral direct visuomotor ataxia.
The observed clinical variations which are described
here imply the existence of both direct and crossed
visuomotor connections, the latter probably crossing
the corpus callosum in the splenium (3,4). Callosal
disconnection syndrome (J5) refers to conduction
aphasia, visuomotor ataxia, apraxia of the left hand,
agraphia of the left hand, alien hand syndrome (6).
In the corpus callosum in the splenium, visual and
auditory information integration and memory functions
are impaired (3,4). These symptoms may not show
any noticeable disability in daily life and are often not
recognized without a special callosal function test. In
our case, regarding preoperative symptoms, ataxia was
considered to be bilateral visuomotor ataxia caused by
damage to the corpus callosum in the splenium, and
anorexia and depression were considered symptoms of
the surrounding limbic system (7).

Marion R, et al. reports that fluorescence-guided
endoscopic visualization identified 5-aminolevulinic
acid (5-ALA)-positive tissue not sufficiently exposed
by conventional microscopic visualization (8). Although
5-ALA was not used in our case, safe endoscopic
biopsy could be performed under the neuronavigation,
and it was considered to be a minimally invasive
treatment.

In conclusion, delay in the diagnosis of PCNSL
can lead to a poor prognosis. bilateral visuomotor
ataxia should also consider the potential for the corpus

callosum in the splenium lesion, including PCNSL, and
appropriate imaging and pathological diagnosis with
endoscopic biopsy can contribute to a good clinical
outcome.
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SUMMARY

Symptomatic hypocalcemia is frequently encountered in the Emergency Department, necessitating
admission. It has a variety of underlying etiologies, with hypoparathyroidism and vitamin D
deficiency being the most common. However, rarer etiologies such as pseudohypoparathyroidism, as
was present in the current case, should not be overlooked. Reported here is a case of a young female
patient presenting with generalized tonic clonic seizures. Electrocardiography revealed a prolonged
QT interval which pointed towards a metabolic cause, and this was confirmed by laboratory results
which indicated a low calcium level. A parathyroid pathology was obvious as the phosphate level
was elevated. Pseudohypoparathyroidism, rather than hypoparathyroidism, was identified since the
parathyroid hormone level was elevated. Other relevant differential diagnoses were excluded. The
patient was treated with intravenous calcium initially and given regular oral calcium, calcitriol, and

sevelamer.

Keywords

1. Introduction

Symptomatic hypocalcemia is frequently encountered
in the Emergency Department, necessitating admission.
It has a variety of underlying etiologies, with
vitamin D deficiency being the most common (/).
Pseudohypoparathyroidism (PHP) is an uncommon
cause of hypocalcemia attributed to parathyroid
hormone (PTH) resistance, with a prevalence of 3.4 per
1 million according to one Japanese study (2) and 0.79
per 100,000 according to the Orphanet Report Series,
November 2008 (3). PHP is diagnosed based on the
exclusion of other differential diagnoses, and it can be
confirmed by genetic analysis (3).

2. Case Report

A 34-year-old woman, with a medical history of three
seizures in the past for which she did not seek medical
treatment, presented with generalized body weakness
and a subjective fever for two days prior. While being
assessed in the Emergency Department, she developed
generalized tonic clonic seizures that resolved
spontaneously, followed by post-ictal confusion.

On examination, vital signs were within normal
limits. A systemic physical exam was unremarkable,
including a neurological and a musculoskeletal

hypocalcemia, pseudohypoparathyroidism, seizures

examination. Laboratory results (Table 1) revealed a
very low corrected serum calcium level of 1.2 mmol/
L [2.1-2.6 mmol/L] combined with a high serum
phosphorus level of 1.86 mmol/L [0.87-1.45 mmol/L] in
the absence of hypomagnesaemia (serum magnesium of
0.72 mmol/L [0.66-1.07 mmol/L]). These biochemical
changes were combined with a high serum intact PTH
of 108 pg/mL [15-65 pg/mL]. All of these findings are
indicative of PHP. The low serum vitamin D level of 15
ng/mL [30-80 ng/mL] potentially added to the already
low serum calcium level. Other pertinent laboratory
abnormalities that suggested recent seizure activity
were a high white blood cell count of 16.4 x 10°/uL [4-
10 x 10*/uL] and elevated serum creatine kinase of 426
U/L [26-192 U/L].

Chest x-ray (CXR) revealed clear costophrenic
angles and lung zones. The mediastinum and hila
appeared normal. Cardiac size was within normal
limits. Electrocardiography (ECG) (Figure 1) revealed a
sinus rhythm with a prolonged QT interval (a corrected
QT interval of 552), suggestive of hypocalcemia.
A plain CT scan of the head (Figure 2) was unusual
in that it revealed extensive bilateral symmetrical
calcifications of basal ganglia, cerebellar dentate nuclei,
and subcortical white matter. These calcium deposits
substantiate the biochemical changes caused by PHP
as mentioned above. Magnetic resonance imaging
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Table 1. Laboratory results’

Laboratory results

Patient values

Normal reference range

General hematology

White blood cell count (10°/uL) 16.4 4-10
Hemoglobin (g/dL) 11.6 12-15
MCV (fL) 75.8 83-101
Platelet count (10*/uL) 273 150 - 400
General chemistry
Urea (mmol/L) 35 2.76 - 8.07
Creatinine (umol/L) 48 53-97
Sodium (mmol/L) 137 135-145
Potassium (mmol/L) 3.1 3.6-5.1
Chloride (mmol/L) 92 96 - 110
Magnesium (mmol/L) 0.72 0.66 - 1.07
Glucose (mmol/L) 6.4 33-55
C-reactive protein (mg/L) <5 0-5
Bicarbonate (mmol/L) 17.5 24-30
Albumin (g/L) 47 35-50
Corrected calcium (mmol/L) 1.2 Low 2.1-2.6
Phosphorus (mmol/L) 1.86 High 0.87 - 1.45
Alkaline phosphatase (U/L) 76 45-129
Creatine kinase (U/L) 426 26 -192
Myoglobin (ng/mL) 48 25-58
Urine chemistry
24-hour calcium (mmol/24 hours) 22 25-75
Endocrinology
Parathyroid hormone (pg/mL) 108 High 15-65
Vitamin D (ng/mL) 15 Low 30-80
Thyroid stimulating hormone (mIU/L) 2.51 0.27-4.20
Thyroxine (pmol/L) 12.1 12-22

“Urine cAMP was not done after PTH administration, as it was not available.

Figure 1. ECG. This ECG strip is showing sinus rhythm with prolonged QT interval (QTc 552).

(MRI) of the head (Figure 3) confirmed the findings
from the head CT scan as imaging revealed bilaterally
symmetric calcifications involving the dentate nuclei,
basal ganglia, and subcortical white matter regions with
no abnormal soft tissue component, perifocal oedema,
or mass effect. Electroencephalography (EEG) revealed

bilateral frontal cerebral dysfunction but was otherwise
unremarkable.

Course of treatment and outpatient follow-up:
The patient was given regular intravenous calcium
gluconate, regular oral calcium carbonate, calcitriol,
and sevelamer. She did not experience any further
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Figure 2. Plain CT head. These CT sections are showing extensive bilateral symmetrical calcifications of basal ganglia, cerebellar dentate nuclei

and subcortical white matter.

Figure 3. MRI head. These MRI sections are showing bilaterally symmetric calcifications involving dentate nuclei, basal ganglia, and subcortical
white matter regions with no abnormal soft tissue component, perifocal oedema, or mass effect.

seizures during hospitalization. In a post-discharge visit
1 week later, the patient was asymptomatic, corrected
calcium was 1.89 mmol/L, and PTH was still high at
106 pg/mL.

3. Discussion

PTH plays a major role in keeping the body's calcium
levels in check. When the serum calcium level is low,
the parathyroid glands send signals to bone and the
kidneys to raise serum calcium levels and maintain
calcium homeostasis. These processes involve bone
resorption, calcium absorption in the distal tubules, and
vitamin D production via 1 alpha hydroxylase enzyme
activation in the kidneys. Active vitamin D (1,25
dihydroxy vitamin D) will enhance intestinal absorption
of calcium. When calcium levels are above normal, in
contrast, the parathyroid glands are suppressed (4).
PHP, in simple terms, is hypoparathyroidism despite
elevated PTH levels. This is due to the fact that the
peripheral organs are unresponsive to the action of
PTH. PHP is subdivided into different subtypes with
different genetic mutations that include deletions, small

mutations, or methylation (loss of function) near the
GNAS locus on chromosome 20q 13.3 (Table 2) (5,6).
The latter normally mediates the action of G protein-
coupled receptors via the transcription of a signaling
protein called Gs alpha (7). PHP 1b involves a normal
phenotype, which differentiates it from the other
PHP 1 subtypes (PHP 1la and 1c) that have clinical
features of Albright hereditary osteodystrophy (AHO);
however, laboratory results, namely hypocalcemia,
hyperphosphatemia, high serum PHP, and low urine
cyclic adenosine 3’, 5'-monophosphate (cAMP) post
PTH administration, are the same (Table 2). A high
PTH level is usually apparent in childhood at the age
of 2-3, and hypocalcemia is mostly symptomatic in
adolescence before the age of 20 (7,8). Incidental
PHP has also been reported in the literature based on
the presence of asymptomatic hypocalcemia as part
of a preoperative work-up (9). Later, genetic testing
confirmed the diagnosis of PHP 1b. The inheritance
of PHP 1b follows an autosomal dominant pattern,
but sporadic cases of PHP 1b reported in the literature
indicate that other exogenous and environmental
factors may be in play (/0-12). Based on the previous
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Table 2. Characteristics of PHP subtypes (5,6)

Items PHP la PHP 1b PHP 1c PHP 11 PPHP
Phenotype AHO + Hormonal Hormonal resistance AHO + Hormonal No hormonal No hormonal
resistance (PTH, (PTH +/-TSH) resistance (PTH, resistance resistance
TSH, Gn, GHRH) TSH, Gn)
Main molecular determinants Maternal LoF in Deletions in GNAS No mutations Few mutations Paternal LoF in
GNAS reported GNAS
Serum Ca Low Low Low Low Normal
Serum P High High High High Normal
Serum PTH High High High High Normal
Urine cAMP post PTH Low Low Low Normal Normal

AHO, Albright hereditary osteodystrophy; Ca, calcium; cAMP, cyclic adenosine 3’, 5'-monophosphate; GHRH, growth hormone-releasing hormone;
Gn, gonadotropin; LoF, loss of function; P, phosphorus; PHP, pseudohypoparathyroidism; PPHP, pseudo-pseudohypoparathyroidism; PTH,

parathyroid hormone; TSH, thyroid stimulating hormone.

Table 3. Studies reporting late PHP 1b presentation

Patient Clinical L . .
Author, year (Ref.) Age, gender characteristics manifestations Vitamin D level Brain imaging
Iglesias et al., 2017 (8) 65 year-old, female Normal phenotype ~ Asymptomatic Normal Not done
Chong et al., 2013 (13) 46 year-old, female Normal phenotype Symptomatic Low Not done
Chale-Matsau et al., 2018 (14) 33 year-old, female Normal phenotype Symptomatic Normal Not done
Aggarwal et al., 2016 (15) 23 year-old, female Normal phenotype Symptomatic Normal Normal
Van Rooijen et al., 2012 (16) 18 year-old, female Normal phenotype Symptomatic Low Not done
Zeniya et al., 2014 (17) 22 year-old, female AHO phenotype Symptomatic Normal Bilateral calcifications
Garg et al., 2011 (18) 34 year-old, male Normal phenotype Symptomatic Normal Normal

AHO, Albright hereditary osteodystrophy; PHP: pseudohypoparathyroidism.

discussion, the current patient was deemed to be a late
presenter of sporadic PHP 1b.

While there are numerous case reports addressing
PHP 1b in the pediatric population, there are few PHP
1b cases involving a late presentation. Moreover,
most of the published articles focus on the genetic
mutations of the disease rather than the clinical aspects
and disease implications. A review of the literature
identified 7 relevant case reports that share some
similarities as well as differences with the current case
(Table 3) (8,13-18).

Hypoparathyroidism and PHP are the most common
causes of basal ganglia calcifications. Together,
they account for more than two-thirds of cases (/9).
There is some evidence that extracellular phosphate
accumulation may play a major role in the formation
of these calcifications (20). Widespread calcifications
beyond the basal ganglia, as were present in the current
case, are uncommon in PHP (27). Such extensive
calcifications might be asymptomatic or have been
likened to seizures or more severe neurological
manifestations such as parkinsonism and impaired
mental function (/9). Other rarer causes of basal
ganglia calcifications include Down's syndrome, Fahr's
syndrome, tuberous sclerosis, and Cockayne syndrome
(22).

PHP can cause serious skeletal complications if
left untreated. This is attributable to the accompanying
secondary hyperparathyroidism due to the resistance
of renal receptors to the action of PTH. If this persists

long enough, it can reduce bone density, and mainly
that of cancellous bones, via accelerated bone turnover
(23). Elevated serum alkaline phosphatase (ALP) can
be a marker of PHP-related bone disease that warrants a
thorough skeletal survey (24).

The current patient presented with seizures, and
this can be explained by the effects of PHP; namely
hypocalcemia and widespread cortical and basal
ganglia calcifications as were mentioned earlier. In
addition, vitamin D deficiency reduced the patient's
calcium level even lower and might have contributed
to clinically evident seizures. Normal serum ALP
precluded the need for a detailed skeletal survey (Table
1). In conclusion, PHP is a rare cause of hypocalcemia
that should be considered among differential diagnoses.
The two aspects that distinguish the current case are
the late presentation of the disease and the potentially
preventable bone disease that may occur if the diagnosis
of PHP is missed.
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SUMMARY

Keywords

A 26-year-old Chinese man was admitted to this clinic due to decreased vision in his right eye for 4
days and painful protrusion in his left eye for 20 days. He had no perception of light in his left eye
and perception of hand motion (HM) in his right eye. Examinations revealed that the left eye's lens
and iris had protruded, and corneoscleral perforation. The right eye had an anterior chamber reaction
and severe exudative retinal detachment that were confirmed by fluorescein angiography. Systemic
examinations failed to identify a cause. The presumptive diagnosis was sympathetic ophthalmia of the
right eye. Therefore, systemic steroid treatment was administered and enucleation of the left eye was
performed. Although steroid treatment had been initiated, exudative detachment did not vary markedly.
A pathological examination of the left eye revealed ocular tuberculosis, and anti-tuberculosis treatment
resulted in a gradual reduction in subretinal fluid as well as improved vision.

ocular tuberculosis, sympathetic ophthalmia, choroiditis

1. Introduction

The eye is an organ often affected by extrapulmonary
tuberculosis, and all ocular tissues can be affected, such
as the eyelids, orbit, conjunctiva, plica semilunaris,
lacrimal caruncle, sclera, retina, choroid, and optic nerve.
Because of its slow and abundant blood flow, the choroid
is a tissue most often affected by ocular tuberculosis (/).
This poses a diagnostic challenge because of its protean
clinical manifestations (2,3). Ocular tuberculosis is often
diagnosed empirically in the absence of a microbial
culture or pathological evidence (4). Tuberculosis can
also induce endophthalmitis or panophthalmitis (5-8),
but such conditions are extremely rare. Fewer than 20
cases have been reported worldwide (8), most of which
necessitated enucleation or evisceration (9).

Presented here is a case of severe ocular
tuberculosis where corneoscleral perforation with
tubercular panophthalmitis was diagnosed based on a
histopathological examination of the patient's left eye, in
addition to severe exudative retinal detachment due to
tuberculous choroiditis in the right eye.

2. Case Report
A 26-year-old Chinese man from a medically

underserved area was admitted to this clinic due to
reduced vision for 4 months, complete loss of vision for

2 months, painful protrusion in the left eye for 20 days,
and a sudden reduction in vision in the right eye for 4
days. There was no perception of light in the left eye
and perception of hand motion (HM) in the right eye.
Examinations revealed that his left eye's lens and iris had
protruded, corneoscleral perforation was evident, and
the cornea was highly opaque. B-scan ultrasonography
revealed an irregular strong echo in the ocular cavity,
and layers of retina and choroid were thickened inside
the eye (Figure 1). An anterior segment examination
of the right eye revealed conjunctival congestion, mild
corneal edema , granulomatous keratic precipitates
(KPs) (+), anterior chamber flare (+), cells (+), and a
dilated pupil (diameter:4.5 mm); a posterior segment
examination revealed vitreous cavity cells (+), optic disc
swelling, retinal vascular dilation, and severe exudative
retinal detachment (Figure 2A) that was confirmed by
optical coherence tomography (OCT) (Figure 2B) and
fluorescein angiography (FA) (Figure 2C). FA revealed
multifocal hypofluorescent areas throughout all of the
frames and progressive patchy hyperfluorescence in the
late frames, and especially on the nasal side of the optic
disc, indicating choroidal leakage. Systemic examinations
that included chest radiography, routine blood tests, a
human immunodeficiency virus (HIV) test, a syphilis
test, and screening for immune diseases failed to identify
a cause. Before admission, the patient's left eye had
been treated despite lack of a definitive diagnosis. The
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Figure 1. (A), The left eye had a protruded lens and iris at the
corneoscleral perforation with an extensive opaque cornea.
(B), The anterior segment could not be distinguished in B-scan
ultrasonography, an irregular strong echo was present in the ocular
cavity, and layers of retina and choroid had thickened.

Figure 2. (A), Photography of the right eye revealed congestion
and a blurred boundary of the optic disc, vascular dilation, retinal
edema, and exudative retinal detachment. (B), OCT confirmed
retinal edema and a large volume of subretinal fluid in the posterior
area. (C), FA revealed multifocal hypofluorescent areas throughout
all of the frames and progressive patchy hyperfluorescence in the
late frames, and especially on the nasal side of the optic disc.

patient had no previous history of systemic or infectious
diseases. He also had no history of trauma. Considering
granulomatous inflammation and severe exudative
retinal detachment in the right eye and perforation in
the left eye, the presumptive diagnosis was sympathetic
ophthalmia of the right eye. Therefore systemic steroid
treatment was administered (infusion of 1,000 mg of
methylprednisolone per day). Anti-inflammatory eye
drops (tobramycin dexamethasone, pranoprofen, and
compound tropicamide) were administered to the right
eye as well. Enucleation of the left eye was performed.
After 4 days of steroid treatment, vision did not change,
and both the anterior chamber reaction and exudative
retinal detachment improved slightly. However, a final
pathological examination of the left eye revealed ocular
tuberculosis. Multiple choroidal granulomas with caseous
necrosis were present and a polymerase chain reaction
(PCR) to identify tuberculosis-DNA (TB-DNA) was
positive (Figure 3), although Zichl-Neelsen staining of
histopathology specimens did not reveal acid-fast bacilli.
Accordingly, systemic steroid treatment was stopped
except for the focal eye drops, which were adjusted
according to follow-ups. The patient was transferred to

periodicity

Figure 3. A pathological examination of the left eye revealed (A),
part of the choroid had been entirely destroyed by granulomas,
which were mainly infiltration by lymphocytes and monocytes/
macrophages. (B), caseous necrosis. (C), Langerhans cells were
evident. (D), Results of fluorescent probe PCR of TB-DNA were
positive: the curve matched the positive control curve.

Figure 4. (A), 1.5 months after anti-tuberculosis treatment, previous
retinal edema and detachment resolved; (B), OCT confirmed that
the retinal edema and detachment had resolved; (C), Deposits and
subretinal pigment accumulation in the posterior area.

a tuberculosis hospital to undergo further examinations,
which confirmed tuberculosis, and then started on anti-
tuberculosis therapy. After 1.5 months, vision in the
right eye improved to counting fingers (CF) 50 cm. The
anterior chamber reaction in the right eye had almost
disappeared except for the dilated pupil, and previous
retinal edema and retinal detachment improved as well
(Figure 4). Therapeutic efficacy confirmed tuberculous
choroiditis in the right eye.

3. Discussion

Presented here is a rare case of severe ocular tuberculosis
masquerading as sympathetic ophthalmia, and this
condition was eventually corrected.

All of the ocular tissues may be affected by
tuberculosis (4); in the current case, tuberculosis in
the left eye manifested as panophthalmitis. Because
of its slow and abundant blood flow, the choroid is a
tissue most often affected (/). Tuberculous choroiditis
presents in various ways such as granulomatous uveitis,
inflammatory and non-inflammatory conditions such
as tumors, macular degeneration, and non-infectious
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autoimmune uveitis (/,2), posing a diagnostic challenge
(Table 1).

In 60% of cases, extrapulmonary tuberculosis in not
accompanied by pulmonary tuberculosis (9), indicating
the difficulty of identifying that condition via routine
screening of the lung. Ocular tuberculosis is difficult
to diagnosed empirically in the absence of a microbial
culture or pathological evidence (/7). In the current case,
there was no noteworthy history of conditions affecting
the left eye, corneoscleral perforation was evident, and

Table 1. Clinical manifestations of intraocular tuberculosis
(10)

Tissue Possible presentations

Granulomatous anterior uveitis
Iris nodules

Iris atrophy

Intermediate uveitis

Anterior uvea/Pars plana

Choroid Tubercles
Tuberculomas
Abscesses

Choroiditis

Macular edema

Intra- or preretinal hemorrhage
Retinitis

Vasculitis

Neovascularization
Neuroretinitis

Eales disease

Retina

Optic nerve Optic neuritis
Retrobulbar neuritis
Papillitis
Papilledema
Tubercles

Globe Panuveitis
Endophthalmitis
Panophthalmitis
Globe rupture

Table 2. Detailed diagnosis and therapy

the patient was healthy except for his eye problems.
Moreover systemic examinations did not identify a
cause, so the condition was misdiagnosed as sympathetic
ophthalmia of the right eye following a penetrating
injury of the left eye. The diagnosis of exudative
retinal detachment led to administration of high-dose
systemic corticosteroid therapy, but improvement in
exudative retinal detachment was limited. The left
eye was enucleated, which may have helped to gauge
preoperative diagnostic accuracy and to provide a
safety net for any unsuspected pathology (/2). The final
pathological examination revealed tuberculosis despite
negative acid-fast staining. However, negative results
could not exclude tuberculosis because only 54-86%
of Mycobacterium tuberculosis bacilli (MTB) can be
detected by Ziehl-Neelsen acid-fast staining (/3). After
further confirmation, anti-tuberculosis treatment was
initiated and had satisfactory efficacy.

The detailed stages of diagnosis and therapy are
listed in the Table 2. The pathological examination as
described here was crucial to making a precise diagnosis.
In addition, there are only a handful of reported cases
where histopathological evidence corroborated the
existence of tuberculosis (/4,15).

Although tuberculosis has been controlled quite
well over the past several decades in China (/6), ocular
tuberculosis typically appears in atypical forms. The
current case indicates that ophthalmologists should
be extremely watchful to avoid a missed diagnosis or
misdiagnosis.
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Day 1 No history of systemic or infectious diseases.

Presumed diagnosis:
sympathetic ophthalmia

No trauma or surgery.

Left eye: corneoscleral perforation;
Right eye: anterior chamber reaction and severe exudative retinal detachment.

OCT, FFA, Ultrasound B scan, efc.
Chest radiography, blood routine, HIV, syphilis, immune diseases screening, etc.

Day 2 Systemic steroid venous transfusion;
Anti-inflammatory eyedrops for the right eye;

Enucleation of the left eye.

Day 5 Pathologic diagnosis of the left eye revealed ocular tuberculosis.
Steroid treatment was stopped.

Exudative retinal detachment improved only slightly;

Vison did not change.

Day 7 Anti-tuberculosis therapy began.

Modlified diagnosis:
tuberculous choroiditis

Day 52

Anti-tuberculosis treatment had satisfactory efficacy.
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SUMMARY

Angiolipomas are slow-growing, soft tissue tumors consisting of mature adipocytes and thin-walled
blood vessels. While most angiolipomas are subcutaneous lesions in the trunk and upper extremities,
intraosseous angiolipomas are rare at cranial site. We present the case of a 61-year-old female with an
enlarging lesion in the left frontoparietal skull following minor head trauma. Radiography confirmed
an expansile, enhancing, spiculated bony lesion in the left frontoparietal calvarium with extension
outside the cortex into the soft tissues. She underwent a craniectomy for complete resection of the
calvarial mass, which was histologically composed of mature adipocytes and disorganized blood
vessels highlighted by an immunophenotype positive for S100 and CD34, respectively, consistent
with a cranial intraosseous angiolipoma. The review of the literature that reported five cases of cranial

intraosseous angiolipoma with our case representing the sixth case is discussed.

Keywords

1. Introduction

Angiolipomas are benign tumors composed of mature
adipocytes admixed with thin-walled blood vessels. Most
are found in the trunk and upper extremities (/). While
angiolipomas are predominantly subcutaneous lesions,
intraosseous angiolipomas are very rare tumors that
occur most commonly in the rib (2,3) and mandible (4, 5).

A literature review revealed only five reported cases
of cranial intraosseous angiolipomas (6-7/0). These
lesions can mimic lipomas, angiomas, fibrous dysplasia,
meningiomas, or metastases on computed tomography
(CT) and magnetic resonance imaging (MRI) and, thus,
should be included in the differential diagnosis of an
enlarging skull mass (6,7,9).

Herein, we describe a rare case of cranial intraosseous
angiolipoma and further discuss this entity by reviewing
the literature.

2. Case Report
2.1. Clinical history

A 61-year-old female with hypertension and arthritis, as
well as a history of both squamous cell carcinoma and
basal cell carcinoma, was referred to our institute for
evaluation of an enlarging palpable left frontoparietal
bone lesion. Six months prior to presentation, the patient

intraosseous angiolipoma, calvarium, cranium, skull bone, soft tissue tumor

hit her head on a closet rail and subsequently noted a
lump on the left frontoparietal aspect of her scalp. She
was then followed up with CT and MRI of the brain with
and without contrast, revealing a growing expansile,
striated, enhancing lesion in the left frontoparietal cranial
bone, which appeared to abut the superior sagittal sinus.
The lesion disrupted the inner and outer tables of the
cranial bone and indented the extra-axial space of the
left frontoparietal region with extension outside of the
cortex into the soft tissues. There was no evidence of
cerebral parenchymal involvement, except for cerebral
compression (Figure 1A-E). The differential diagnosis
including metastatic disease or an atypical hemangioma
was radiologically considered. Subsequently, a total
body bone scan was also performed and only revealed
this solitary lesion in the skull (Figure 1F).

Given the rapid growth and etiological uncertainty
of the bone lesion, a left frontoparietal craniectomy
for complete resection of the mass with subsequent
cranioplasty was performed. The excised lesional skull
bone was sent for histopathological examination. Clinical
follow-up with the patient showed no recurrence of this
tumor.

2.2. Pathological examination

The craniectomy specimen grossly consisted of an oval
mass lesion measuring approximately 4.0 x 3.0 x 0.6
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cm in overall dimensions with cranial convex surface
on one side demonstrating diffuse pitting of the bone
(Figure 2A). Upon sectioning, the cut surface revealed a
dark red-grey appearance spanning the entire thickness
of the bone, including the aforementioned raised area
(Figure 2B). After formalin fixation, the sections were
decalcified in Immunocal (100% formic acid) for
approximately two days. Representative sections were
taken, including six full thickness sections from the
central lesional portion of the bone. The tissue was then
paraffin-embedded and 4-um sections were obtained.
The resulting sections were stained with hematoxylin
and eosin (H&E). Microscopic examination showed
that the mass lesion was composed of mature adipose

Figure 1. Radiographic images of the left frontoparietal mass.
(A, B) CT without contrast revealed an expansile, spiculated osseous
lesion in the left frontoparietal calvarium with a small soft tissue
component along its superficial surface (A, B, axial). (C, D, E) T1-
weighted MRI with and without contrast identified an expansile,
striated, enhancing left frontoparietal bone lesion which indented the
extra-axial space of the left parietal region with extension outside the
cortex into the soft tissues (C, axial; D, coronal; E, sagittal). (F) Total
body bone scan revealed a solitary lesion in the skull (left lateral view
of the head is shown).

tissue admixed with disorganized thin-walled blood
vessels. Cytological atypia, mitosis or necrosis was not
identified (Figure 2C and 2D). Immunohistochemical
(IHC) studies demonstrated that the vascular
endothelium expresses CD34 (Figure 2E) and the
mature adipocytes express S100 (Figure 2F).

Based on the above findings, the diagnosis of cranial
intraosseous angiolipoma was generated.

3. Discussion

Although intraosseous angiolipomas are seen at extra-
cranial sites, cranial intraosseous angiolipoma is
rarely encountered. Due to its non-specific clinical
characteristics and presentation, histopathological
evaluation plays an essential role in clinical management.
Our literature search revealed only five reported cases
of intraosseous angiolipoma involving the cranium,
the salient clinicopathological features of which are
summarized in Table 1 and discussed below.
Intraosseous angiolipomas are slow-growing and
can take months to years to develop before coming
to the attention of clinicians. Although our patient as
well as one of the five literature-documented cases
(9) had noted the enlarging skull mass following head
trauma, whether there is an association between head
trauma and cranial intraosseous angiolipomas remains
unclear and requires further investigation. The clinical
presentation of a cranial intraosseous angiolipoma
varies depending on the location and size of the tumor.
In the reported cases, the most common symptoms
included headache and altered sensation or tenderness
to palpation at the site of the mass (6-8,7/0), while
others, including our patient, were asymptomatic (9).
It is noted that the mass lesion involved the frontal and
parietal area of the skull in all five previously reported
cases as well as our case, which may suggest the site

Figure 2. Resected left frontoparietal mass and microscopic findings. (A) The specimen grossly consisted of an oval portion of cranium with
a raised area on the convex surface. (B) Upon sectioning, the cut surface revealed a dark red-gray appearance spanning the entire thickness of the
bone and raised area. (C, D) Histologically, the calvarial mass was composed of mature adipose tissue and disorganized thin-walled blood vessels
(H&E, C: 40%, D: 100x). (E, F) The immunophenotype was positive for CD34 staining the vascular endothelium (E, 100x) and S100 highlighting

the adipocytes (F, 100x).
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predilection of intraosseous angiolipomas.

Every documented case of cranial intraosseous
angiolipoma underwent at least CT imaging to evaluate
the lesion. Radiographically, the depiction of the
expansile masses varied, utilizing such descriptors as
trabeculated, lytic, or spiculated. Enhancement of the
lesional parenchyma depends upon the extent of the
vascular component, with only our case and another
reported case (8) documenting contrast enhancement of
the angiolipoma. The majority of the cases, including our
own, had radiographic evidence of some degree of mass
effect and cerebral compression from the tumor, but the
lesion did not invade the brain parenchyma.

While the slow-growing nature of these lesions may
allow clinicians to initially employ an observational
management strategy (9), the lack of lesion-specific
clinical characteristics and concern for a malignant
process result in eventual surgical resection of these
cranial masses. Histopathologically, every resected
intraosseous angiolipoma demonstrated mature adipose
tissue admixed with thin-walled blood vessels without
significant cytologic atypia or mitosis. In some instances,
mast cells (7,9) and fibrin thrombi (7,70) were noted.
Immunohistochemical staining was utilized to confirm
the histology noted on H&E, including highlighting the
vascular component with endothelial markers such as
CD34 (7,10) and the adipose component with adipocyte
markers such as S100 (our case) or Sudan black (70).
In some cases, immunohistochemical studies were
employed to rule out other possible diagnoses, such as
intraosseous meningioma and carcinoma metastasis.

The prognosis for angiolipomas is excellent, with
surgical excision being considered curative, along with
a very low risk of local recurrence and no known risk
of malignant transformation. The natural history of an
intraosseous angiolipoma demonstrates that growth
appears to be secondary to the vascular component,
which is responsible for the progressive expansion of the
bone (9). The expansile nature of cranial intraosseous
angiolipomas result in skull deformity and, depending on
location, may be accompanied by neurological sequelae.
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SUMMARY Rare diseases (RD) of genetic origin are raising public health concern contributing to a massive
economic burden in India. Establishing Specialty Centers to bridge the RD community with apex
centers is felt as a need in developing countries. Hence a Comprehensive Rare Disease Care (CRDC)
model was set up at the department of pediatrics under Center for Human Genomics and Counseling
at a medical college hospital in South India. The patients suspected to have genetic disease were
evaluated as per the work flow of the designed model. The utilization statistics depict the outcome
of this model. In the face of limited resources, it was possible to establish a functional RD unit
with meticulous planning, supportive administration and trained interdisciplinary staff. A scalable

prototype that could be replicated in other Medical colleges and Hospitals of India is described.

Keywords Rare/genetic diseases, medical genetics, model, planning, public health, genetic counseling,

management, interdisciplinary team

1. Epidemiological scenario of rare diseases in India

Rare diseases (RD) are health conditions that affect a
small percentage of the population. India contains a
wide array of them due to cultural and genetic diversity
(7). The majority of RD are genetic in origin. Besides
the large population and high birth rate, consanguinity
among many communities has contributed to increased
occurrence (2).

There is no universal definition or prevalence data
for RD and each country has adopted a definition based
on its population, healthcare system and resources (3).
Hence there is no figure on their burden and associated
morbidity and mortality. If the international estimate of
6% to 8% prevalence is applied to India, we must have
around 72 to 96 million people affected by RDs, which
would be significant number (4). The "Rare Disease
Terminology & Definitions Used in Outcomes Research
Working Group" has concluded the average global
prevalence of 40-50 cases per 100,000 people can be
called a rare disease (5).

Almost all known reported genetic disorders are
found in India. Diagnosis may be difficult, due to
variable presentations and modest number of clinicians
experienced in handling specific RD. They are
often inherited, severe, chronic, untreatable and life-
threatening. A vast majority of them overwhelmingly
affect children, thus contributing to the disease burden of

the country (6).

2. Current status of genetic outpatient and laboratory
services for diagnosis and treatment of RD in India

Medical genetic services are presently available in 13
different premier cities as a separate department or
unit under the pediatrics department. They cater to an
average of 20-40 patients on a daily basis. In addition,
most medical geneticists are also actively involved in
diagnostic, counselling and research laboratory work due
to lack of well-defined roles and sufficient manpower
(7). The clinical evaluation, investigations, genetic
counselling and referral to patient advocacy groups are
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performed in isolation leading to compartmentalization
of health care delivery. Hence, the patients from several
strata of society are deprived of timely and adequate
genetic facilities.

3. Need to establish a Comprehensive Rare Disease
Care (CRDC) model for RD

Though clinical diagnosis has gained momentum, genetic
outpatient and laboratory services are available only
in first-tier cities across the country. Referral to these
centers has led to overloading of the premier centers
and depriving timely access to patients from farther
regions. Patients from the rural and suburban areas of
the country need to travel long distances to reach them
(6). Public health policy or national program addressing
these concerns is not available. The cost of treatment/
management is high and causes considerable financial
burden to the individuals and their families, hindering
their treatment.

To address this concern, Comprehensive Rare
Disease Care (CRDC) model for handling RD attainable
at tertiary care teaching hospitals was planned. This
model was developed at Centre for Human Genomics
and Counselling (CHGC) services for screening and
diagnosis of rare diseases at JSS Medical College and
Hospital, using a project management cycle framework.
The experience of establishment and significant
outcomes of this model are delineated in this manuscript.

4. Purpose and distinctiveness of CRDC model in
comparison with established genetic services of apex
centers in India

In 2015, around 40 Clinical geneticists were practicing
all over India in 13 different premier cities like
New Delhi, Lucknow, and Vellore etc. as a separate
department or units under the pediatrics department.
They are functioning as per Medical Council of India
Regulations (7). Once genetic causation is suspected,
most of the cases are refereed to these centers, which
are obviously a strain on the meager resources. With
the existing immense caseload across the nation, these
centers and geneticists would be inadequate.

This CRDC model is expected to bridge this gap by
attending the patients/families suspected or affected with
genetic etiology in specialty departments and connect
them with apex centers when necessary, cost cutting the
burden associated with unnecessary visits. It was built in
line with guidelines and recommendations of successful
working models in other specialties ().

5. Experience in establishing CRDC model
Since many of the genetic diseases present immediately

after birth of children, Department of Pediatrics was
chosen to be the work setting to initiate the CRDC

model at tertiary care hospitals (9). The center utilized
the existing expertise of the institute by obtaining
necessary training at apex centers. Meticulous planning
and designing with a clear vision of operation,
interdisciplinary framework and utilization of available
resources were key highlights of the model. Needs
assessment aided obtaining baseline data on prevalence
and pattern of suspected genetic disorders in this
region. This helped to prioritize the investigations to
be initiated. Visits to apex centers and discussions with
expertise facilitated this stage. The multidisciplinary
planning team included representation from the
departments of Hospital Administration, Anatomy,
Biochemistry, Pathology, Radiology, Pediatrics,
Obstetrics and Gynecology. The workflow and standard
operating procedure were defined by a team of experts.

Prerequisites for establishing CHGC under CRDC
model:

i) Pre-Conception and Pre-Natal Diagnostic
Techniques (PCPNDT) act registration: provides
regulatory guidelines for genetic counseling centers,
genetic laboratories, clinics, regulations for prenatal
diagnostic procedures and registration guidelines.
Permission decisions must be taken keeping futuristic
goals in mind.

if) Manpower: a) Essential minimum requirement:
An inhouse Pediatrician trained in clinical geneticsa
genetic counselor b) Ideal situation: Department of
Medical genetics with clinical geneticist and genetic
counselor.

iii) Consent forms: for genetic tests and procedures,
usage of familial information in clinical diagnosis,
permission for getting clinical photography and video
recording, including for research and publication
purposes (10).

iv) Documentation and Record Maintenance: The
outcome of genetics consultations are not just applicable
to individuals, but also families, and have potential
significance for future generations as well. Preferably
records should be maintained indefinitely except in
certain circumstances where the information will be of
minimal importance to future interaction with the patient
or other members of the family (/7).

Before inception, communication was sent to all
clinical departments and announced through mass media
to sensitize the nature and scope of work, to ensure
prompt referrals. A biweekly clinic, dedicated to the
detailed assessment of new cases and follow - up of the
registered cases was planned. Staffing comprised of
a multidisciplinary team including genetic counselor,
trained pediatrician, hospital administrator, staff nurse,
medico social worker. The team was reinforced with
experts from laboratory and researchers working for
projects in genetics. One faculty in each speciality
department was assigned to address the patients
requiring referrals (to narrow down the clinical diagnosis
& correlation with investigations). The upgradation and
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Figure 1. Process flow of the Center for Human Genomics and Counseling (CHGC) under Comprehensive Rare Disease Care (CRDC) model.

strengthening of existing lab facilities in biochemistry,
pathology (fetal autopsy) microbiology, speech &
hearing, occupational therapy, physiotherapy, physical
& rehabilitation center were done.

The workflow of the CHGC under the CRDC
model is depicted in Figure 1. The consultant/Proband
with suspected or confirmed genetic etiology referred
from specialty departments will be evaluated by a
Genetic counselor. The clinical proforma records
socio-demographic details, pedigree, occupational and
exposure history. Detailed birth and clinical history,
examination, primary investigations, and differential
diagnosis are documented. The pathway of care also
records the sequence of healthcare providers accessed
prior to being evaluated in the clinic and source of
referral to the center. The average assessment time for
a single patient during pretest counseling was 45 min.
After a detailed assessment, the case will be discussed
with the consultant wherever necessary to verify the
differential diagnosis, discuss if further investigation
is required to obtain more phenotype details. Pretest
counseling will be done explaining the probable
diagnosis, need for testing and its details. The necessary
genetic tests will be offered in accord with the clinician.
The principles of genetic counseling i.e. autonomy, non-
directiveness, and confidentiality are strictly adhered
to at every level. The Turn Around Time (TAT) varies

from 10 days to 8 weeks, depending on the type of
investigation sent.

Once the reports are available, they are called for
post-test counseling depending on the outcome. The
number of sessions required varies from case to case.
If the confirmatory diagnosis was established, a further
management plan is drawn up and discussed. If the
reports are inconclusive or ambiguous, further evaluation
is suggested. Referrals are sent to apex centers wherever
needed. The follow up and monitoring of confirmed
cases are continued as required. The psychosocial
interventions, support through advocacy groups, coping
strategies, and quality of life were addressed. Extended
family evaluation is done if necessary. Additionally
they are directed to Patient Advocacy groups and Non-
Government Organizations (ex: Organization for Rare
Disease India) for assistance on moral support, research
advances, clinical trials, and education with awareness.

The outcome of CHGC under the CRDC model is
depicted by the case statistics in Figure 2. The patient
inflow gradually picked up due to availability of
accessible genetic services avoiding concerns associated
with reaching apex centres.

6. Challenge and perspectives

The CRDC model, though in its infancy, provides
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Figure 2. The outpatient statistics of New and Old cases at Human Genomics and Counseling (CHGC) since inception until date.

some opportunities and highlights key challenges.
The center offers convenient one stop services to
patients of surrounding districts with suspected or
confirmed genetic causation. In the current Indian
context of human resource supply constraints, it is
scalable and can facilitate the development of locally
acceptable and efficient models of care. Training the
pediatricians to manage these patients in primary care
and vertically integrate with such centers and first
tier cities is advisable. This may pre-empt visits to
specialists (especially lifelong follow-up and monitoring
conditions) unless deemed necessary. The center
provides opportunities for better training of healthcare
personnel dealing with RD patients. The pediatric
residents get extensive exposure to the varied clinical
presentations, and management approaches. The training
modules can be extended to other health professionals
in the future. Last, such a dedicated establishment may
yield better and diverse research opportunities focusing
on medical genetics.

The challenges associated are a coordination of
multiple stakeholders, space and infrastructure, cost-
effective expansion, lack of national standardization,
customization to local requirements, and shortage
of manpower compared to case load. Finally, the
education and training of health professionals to be
medical geneticists/genetic counselors is a long way to
accomplish adequate numbers.

Future Strategy is to establish a network and
comprehensive system for coordination of referrals in
the tiered healthcare system. Also a mechanism to raise
awareness on RD among the medical fraternity and
general public is to be planned.

To conclude, RDs are an essential public health
concern and provide a challenge to healthcare
worldwide. Provision of affordable services with
preventive and palliative potential to several RDs should
be a practical reality. This CRDC model could provide
a cost-effective and geographically compatible model
of care which vertically integrates apex centers and the
primary health care system. This scalable prototype can
be replicated in similar resource-constrained settings in

a high prevalence geographical location.
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SUMMARY

Testicular germ cell tumors (TGCTs) are the most frequent solid malignant tumors in men 20-

40 years of age and the most frequent cause of death from solid tumors in this age group. Recent
studies have underscored the fact that miRNA deregulation is a feature of carcinogenesis, including
TGCT development and progression. MiRNAs are a group of small noncoding RNAs that bind to
the 3'-untranslated region (UTR) of the targeted mRNAs, thus causing mRNA degradation or the
inhibition of its translation, regulating gene expression in a temporal and tissue-specific manner.
However, few miRNAs have been found to play key roles in TGCTs; recently, other miRNAs have
been identified, representing novel potential therapeutic targets.

Keywords

Among solid tumors, testicular germ cell tumors
(TGCTs) have the highest incidence among young men
(between 20 and 34 years of age), and their incidence
has increased over the past few decades. TGCTs have
their origin in a blocked maturation of primordial germ
cells (PGCs) (/-3), and more evidence has reinforced
the idea that an alteration of epigenetic status is able to
initiate human malignant germ cell tumors and to do
so in the place of somatic mutations. This clarifies the
role of both genetic susceptibility and environmental
factors, known as the 'geno-environment', in TGCTs
(4-9). About 90% of TGCTs are successfully treated
with cisplatin-based chemotherapy. However, this
form of therapy can lead to secondary cancers and
cardiovascular disease. TGCTs are classified into two
principal groups: germ cell neoplasias in situ (GCNIS)
that are seminomas or nonseminomas (NSE), and
spermatocytic tumors that are not GCNIS. NSE tumors
encompass embryonal carcinoma, choriocarcinoma,
yolk sac tumors (YSTs), and teratoma. TGCTs may
develop from a non-invasive type of tumor called
carcinoma in situ (CIS): microscopy reveals abnormal
cells even though they are still confined inside the
membrane of the seminiferous tubules (/0-14).
MicroRNAs (miRNAs) are short non-coding RNA
fragments that, by binding to the 3'UTR, are able
to negatively regulate gene transcripts (/5). Thus,
recent studies have underscored the fact that miRNA
deregulation is a feature of carcinogenesis, including

HMGAI1, microRNA, testicular germ cell tumor (TGCT), seminoma

TGCT development and progression (/6-19). Although
different miRNA signatures are associated with
histological subtypes of TGCTs, various miRNAs have
been found to play a key role in TGCTs. Voorhoeve et
al. reported that two miRNAs (miR-372 and miR-373)
can escape the cell cycle arrest induced by p53 (20).
Indeed, these two miRNAs were not expressed or only
slightly expressed in TGCT-derived cell lines where
p53 was mutated or downregulated, indicating that
miR-372 and miR-373 induce TGCT growth to elude
the p53 checkpoint of the cell cycle. In this context,
several data suggest that miR-372 and miR-373 may
act as oncogenes in TGCTs through the inhibition of
LATS2, a tumor suppressor gene (20). Dieckmann et al.
confirmed that serum levels of microRNA (miR)-371a-
3p (a so-called M371 test) are better than the standard
markers of GCT with the same level of sensitivity and a
specificity of around 90% (21).

Moreover, Ozata et al. found that PEG3 mRNA
can be strongly suppressed by the action of miR-514a-
3p, inducing apoptosis. In particular, levels of PEG3
expression are elevated in TGCTs where the expression
of miR-514a-3p is lacking (22).

Recent studies have reported that the deregulation
of miRNA expression in cancer cells can modify
the tumor microenvironment, inducing cancer
progression. However, this mechanism has yet to be
elucidated in TGCTs. Recent research has found that
epigenetic modifications downregulate miR-125b in
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TGCT samples. Indeed, xenograft models of TGCTs
indicated that miR-125b plays a key role in tumor-
stroma crosstalk, underscoring its tumor suppressor role
and the possibility of using miR-125b as an miRNA
therapeutic (23).

Intriguingly, both Let-7a and miR-26a were found to
be downregulated in several human cancer types, acting
as tumor suppressor miRNAs (24,25). Moreover, these
miRNAs inhibited cell proliferation and invasiveness of
malignant melanoma derived-cell lines, suggesting that
miR-26a and Let-7a may represent novel therapies for
melanoma (26). Indeed, Let-7 is able to repress several
oncogenes such as MYCN, AURKB, CCNF, RRM2,
MKI67, and Cl12o0rf5 in TGCTs (27). A previous
study determined that mitotic cells (spermatogonia
and primary spermatocytes) express HMGA1, while
HMGAZ? is highly expressed in meiotic and postmeiotic
cells (secondary spermatocytes and spermatids) (28,29).
In addition, other studies have demonstrated that the
expression of HMGA1 and HMGA?2 plays a key role
in TGCT tumorigenesis and that the two can serve as a
helpful diagnostic tool when the histological differential
diagnosis is in question (30-36). In particular, HMGA1
protein is overexpressed in human seminomas.

Recently, De Martino and colleagues found that Let-
7a and miR-26a are downregulated in human seminoma,
with levels negatively correlating with HMGAI. In
addition, they found that HMGA1I is a target of Let-7a
and miR-26a in seminomas and that Let-7a and miR-26a
are able to inhibit seminoma cell growth and motility.
Intriguingly, since miRNAs may act on several target
transcripts that share the same microRNA responsive
element (MRE) inhibitory action, a topic of great interest
would be to study the transcriptomic effects of Let-7a
and miR-26a overexpression in seminoma-derived cell
lines using RNA-seq analysis in order to obtain a broader
portrait of overall changes in levels of gene expression
(37).

The study of the deregulated molecular pathways in
TGCTs has now led to the development of successful
clinical approaches. Indeed, most patients with TGCTs
respond well to cisplatin-based chemotherapy. However,
several patients have developed chemoresistance to first-
line treatments for TGCTs. Therefore, new therapies
based on novel strategies could increase the potential to
treat cisplatin-resistant patients and limit adverse drug
reactions. Interestingly, the ability of Let-7a and miR-
26a to prevent seminoma cell growth could lead to new
insights in therapeutic perspectives. In fact, modern
forms of therapy may originate from the restoration of
normal Let-7a and miR-26a levels in seminomas via the
administration of synthetic miRNA oligonucleotides.
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1. Scope of Articles

Intractable & Rare Diseases Research (Print ISSN 2186-3644,
Online ISSN 2186-361X) is an international peer-reviewed
journal. Intractable & Rare Diseases Research devotes to
publishing the latest and most significant research in intractable
and rare diseases. Articles cover all aspects of intractable and
rare diseases research such as molecular biology, genetics,
clinical diagnosis, prevention and treatment, epidemiology,
health economics, health management, medical care system,
and social science in order to encourage cooperation and
exchange among scientists and clinical researchers.

2. Submission Types

Original Articles should be well-documented, novel, and
significant to the field as a whole. An Original Article should
be arranged into the following sections: Title page, Abstract,
Introduction, Materials and Methods, Results, Discussion,
Acknowledgments, and References. Original articles should
not exceed 5,000 words in length (excluding references) and
should be limited to a maximum of 50 references. Articles may
contain a maximum of 10 figures and/or tables. Supplementary
Data are permitted but should be limited to information that
is not essential to the general understanding of the research
presented in the main text, such as unaltered blots and source
data as well as other file types.

Brief Reports definitively documenting either experimental
results or informative clinical observations will be considered
for publication in this category. Brief Reports are not intended
for publication of incomplete or preliminary findings. Brief
Reports should not exceed 3,000 words in length (excluding
references) and should be limited to a maximum of 4 figures
and/or tables and 30 references. A Brief Report contains the
same sections as an Original Article, but the Results and
Discussion sections should be combined.

Reviews should present a full and up-to-date account of recent
developments within an area of research. Normally, reviews
should not exceed 8,000 words in length (excluding references)
and should be limited to a maximum of a maximum of 10
figures and/or tables and 100 references. Mini reviews are
also accepted, which should not exceed 4,000 words in length
(excluding references) and should be limited to a maximum of
5 figures and/or tables and 50 references.

Policy Forum articles discuss research and policy issues in
areas related to life science such as public health, the medical
care system, and social science and may address governmental
issues at district, national, and international levels of discourse.
Policy Forum articles should not exceed 3,000 words in length
(excluding references) and should be limited to a maximum of
5 figures and/or tables and 30 references.

Case Reports should be detailed reports of the symptoms,
signs, diagnosis, treatment, and follow-up of an individual

patient. Case reports may contain a demographic profile of the
patient but usually describe an unusual or novel occurrence.
Unreported or unusual side effects or adverse interactions
involving medications will also be considered. Case
Reports should not exceed 3,000 words in length (excluding
references) and should be limited to a maximum of 5 figures
and/or tables and 30 references.

Communications are short, timely pieces that spotlight new
research findings or policy issues of interest to the field of
global health and medical practice that are of immediate
importance. Depending on their content, Communications
will be published as "Comments" or "Correspondence".
Communications should not exceed 1,500 words in length
(excluding references) and should be limited to a maximum of
2 figures and/or tables and 20 references.

Editorials are short, invited opinion pieces that discuss an
issue of immediate importance to the fields of global health,
medical practice, and basic science oriented for clinical
application. Editorials should not exceed 1,000 words in length
(excluding references) and should be limited to a maximum of
10 references. Editorials may contain one figure or table.

News articles should report the latest events in health sciences
and medical research from around the world. News should not
exceed 500 words in length.

Letters should present considered opinions in response to
articles published in Intractable & Rare Diseases Research in
the last 6 months or issues of general interest. Letters should
not exceed 800 words in length and may contain a maximum
of 10 references. Letters may contain one figure or table.

3. Editorial Policies

For publishing and ethical standards, Intractable &
Rare Diseases Research follows the Recommendations
for the Conduct, Reporting, Editing, and Publication of
Scholarly Work in Medical Journals (http.//www.icmje.org/
recommendations) issued by the International Committee
of Medical Journal Editors (ICMJE), and the Principles of
Transparency and Best Practice in Scholarly Publishing
(https://doaj.org/bestpractice) jointly issued by the Committee
on Publication Ethics (COPE), the Directory of Open Access
Journals (DOAJ), the Open Access Scholarly Publishers
Association (OASPA), and the World Association of Medical
Editors (WAME).

Intractable & Rare Diseases Research will perform an
especially prompt review to encourage innovative work. All
original research will be subjected to a rigorous standard of
peer review and will be edited by experienced copy editors to
the highest standards.

Ethics: Intractable & Rare Diseases Research requires that
authors of reports of investigations in humans or animals
indicate that those studies were formally approved by a relevant
ethics committee or review board. For research involving
human experiments, a statement that the participants gave
informed consent before taking part (or a statement that it was
not required and why) should be indicated. Authors should
also state that the study conformed to the provisions of the
Declaration of Helsinki (as revised in 2013). When reporting
experiments on animals, authors should indicate whether
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the institutional and national guide for the care and use of
laboratory animals was followed.

Conflict of Interest: All authors are required to disclose
any actual or potential conflict of interest including financial
interests or relationships with other people or organizations
that might raise questions of bias in the work reported. If no
conflict of interest exists for each author, please state "There is
no conflict of interest to disclose".

Submission Declaration: When a manuscript is considered
for submission to Intractable & Rare Diseases Research, the
authors should confirm that 1) no part of this manuscript is
currently under consideration for publication elsewhere; 2) this
manuscript does not contain the same information in whole or
in part as manuscripts that have been published, accepted, or
are under review elsewhere, except in the form of an abstract,
a letter to the editor, or part of a published lecture or academic
thesis; 3) authorization for publication has been obtained from
the authors' employer or institution; and 4) all contributing
authors have agreed to submit this manuscript.

Cover Letter: The manuscript must be accompanied by a
cover letter prepared by the corresponding author on behalf
of all authors. The letter should indicate the basic findings
of the work and their significance. The letter should also
include a statement affirming that all authors concur with the
submission and that the material submitted for publication has
not been published previously or is not under consideration for
publication elsewhere. The cover letter should be submitted
in PDF format. For example of Cover Letter, please visit:
Download Centre (https://www.irdrjournal.com/downcentre).

Copyright: When a manuscript is accepted for publication in
Intractable & Rare Diseases Research, the transfer of copyright
is necessary. A JOURNAL PUBLISHING AGREEMENT
(JPA) form will be e-mailed to the authors by the Editorial
Office and must be returned by the authors as a scan. Only
forms with a hand-written signature are accepted. This copyright
will ensure the widest possible dissemination of information.
Please note that your manuscript will not proceed to the next
step in publication until the JPA Form is received. In addition,
if excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article.

Peer Review: Intractable & Rare Diseases Research uses
single-blind peer review, which means that reviewers know
the names of the authors, but the authors do not know who
reviewed their manuscript. The external peer review is
performed for research articles by at least two reviewers, and
sometimes the opinions of more reviewers are sought. Peer
reviewers are selected based on their expertise and ability
to provide high quality, constructive, and fair reviews. For
research manuscripts, the editors may, in addition, seek the
opinion of a statistical reviewer. Consideration for publication
is based on the article’s originality, novelty, and scientific
soundness, and the appropriateness of its analysis.

Suggested Reviewers: A list of up to 3 reviewers who are
qualified to assess the scientific merit of the study is welcomed.
Reviewer information including names, affiliations, addresses,
and e-mail should be provided at the same time the manuscript
is submitted online. Please do not suggest reviewers with
known conflicts of interest, including participants or anyone

with a stake in the proposed research; anyone from the same
institution; former students, advisors, or research collaborators
(within the last three years); or close personal contacts. Please
note that the Editor-in-Chief may accept one or more of the
proposed reviewers or may request a review by other qualified
persons.

Language Editing: Manuscripts prepared by authors whose
native language is not English should have their work proofread
by a native English speaker before submission. If not, this
might delay the publication of your manuscript in Intractable
& Rare Diseases Research.

The Editing Support Organization can provide English
proofreading, Japanese-English translation, and Chinese-
English translation services to authors who want to publish
in Intractable & Rare Diseases Research and need assistance
before submitting a manuscript. Authors can visit this
organization directly at http://www.iacmhr.com/iac-eso/
support.php?lang=en. IAC-ESO was established to facilitate
manuscript preparation by researchers whose native language
is not English and to help edit works intended for international
academic journals.

4. Manuscript Preparation

Manuscripts are suggested to be prepared in accordance with
the "Recommendations for the Conduct, Reporting, Editing,
and Publication of Scholarly Work in Medical Journals", as
presented at http://www.ICMJE.org.

Manuscripts should be written in clear, grammatically correct
English and submitted as a Microsoft Word file in a single-
column format. Manuscripts must be paginated and typed in
12-point Times New Roman font with 24-point line spacing.
Please do not embed figures in the text. Abbreviations should
be used as little as possible and should be explained at first
mention unless the term is a well-known abbreviation (e.g.
DNA). Single words should not be abbreviated.

Title page: The title page must include 1) the title of the paper
(Please note the title should be short, informative, and contain
the major key words); 2) full name(s) and affiliation(s) of the
author(s), 3) abbreviated names of the author(s), 4) full name,
mailing address, telephone/fax numbers, and e-mail address
of the corresponding author; and 5) conflicts of interest (if
you have an actual or potential conflict of interest to disclose,
it must be included as a footnote on the title page of the
manuscript; if no conflict of interest exists for each author,
please state "There is no conflict of interest to disclose").
Please visit Download Centre and refer to the title page of the
manuscript sample.

Abstract: The abstract should briefly state the purpose of the
study, methods, main findings, and conclusions. For articles
that are Original Articles, Brief Reports, Reviews, Policy
Forum articles, or Case Report, a one-paragraph abstract
consisting of no more than 250 words must be included in the
manuscript. For Communications, Editorials, News, or Letters,
a brief summary of main content in 150 words or fewer should
be included in the manuscript. Abbreviations must be kept to a
minimum and non-standard abbreviations explained in brackets
at first mention. References should be avoided in the abstract.
Three to six key words or phrases that do not occur in the title
should be included in the Abstract page.
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Introduction: The introduction should be a concise statement
of the basis for the study and its scientific context.

Materials and Methods: The description should be brief
but with sufficient detail to enable others to reproduce
the experiments. Procedures that have been published
previously should not be described in detail but appropriate
references should simply be cited. Only new and significant
modifications of previously published procedures require
complete description. Names of products and manufacturers
with their locations (city and state/country) should be given
and sources of animals and cell lines should always be
indicated. All clinical investigations must have been conducted
in accordance with Declaration of Helsinki principles. All
human and animal studies must have been approved by
the appropriate institutional review board(s) and a specific
declaration of approval must be made within this section.

Results: The description of the experimental results should
be succinct but in sufficient detail to allow the experiments
to be analyzed and interpreted by an independent reader.
If necessary, subheadings may be used for an orderly
presentation. All figures and tables must be referred to in the
text.

Discussion: The data should be interpreted concisely without
repeating material already presented in the Results section.
Speculation is permissible, but it must be well-founded,
and discussion of the wider implications of the findings is
encouraged. Conclusions derived from the study should be
included in this section.

Acknowledgments: All funding sources should be credited
in the Acknowledgments section. In addition, people who
contributed to the work but who do not meet the criteria for
authors should be listed along with their contributions.

References: References should be numbered in the order in
which they appear in the text. Citing of unpublished results,
personal communications, conference abstracts, and theses in
the reference list is not recommended but these sources may
be mentioned in the text. In the reference list, cite the names
of all authors when there are fifteen or fewer authors; if there
are sixteen or more authors, list the first three followed by
et al. Names of journals should be abbreviated in the style
used in PubMed. Authors are responsible for the accuracy
of the references. The EndNote Style of /ntractable & Rare
Diseases Research could be downloaded at EndNote (https.//
www.irdrjournal.com/examples/Intractable Rare Diseases
Research.ens).

Examples are given below:
Example 1 (Sample journal reference):

Inagaki Y, Tang W, Zhang L, Du GH, Xu WF, Kokudo N.
Novel aminopeptidase N (APN/CD13) inhibitor 24F can
suppress invasion of hepatocellular carcinoma cells as well as
angiogenesis. Biosci Trends. 2010; 4:56-60.

Example 2 (Sample journal reference with more than 15
authors):

Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of
lung cancer: Collaborative analysis of individual data from 13

European case-control studies. BMJ. 2005; 330:223.

Example 3 (Sample book reference):

Shalev AY. Post-traumatic stress disorder: Diagnosis, history
and life course. In: Post-traumatic Stress Disorder, Diagnosis,
Management and Treatment (Nutt DJ, Davidson JR, Zohar J,
eds.). Martin Dunitz, London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference):

World Health Organization. The World Health Report 2008 —
primary health care: Now more than ever. http.//www.who.int/
whir/2008/whr08_en.pdf (accessed September 23, 2010).

Tables: All tables should be prepared in Microsoft Word or
Excel and should be arranged at the end of the manuscript
after the References section. Please note that tables should
not in image format. All tables should have a concise title and
should be numbered consecutively with Arabic numerals. If
necessary, additional information should be given below the
table.

Figure Legend: The figure legend should be typed on a
separate page of the main manuscript and should include a
short title and explanation. The legend should be concise but
comprehensive and should be understood without referring
to the text. Symbols used in figures must be explained. Any
individually labeled figure parts or panels (A, B, etc.) should
be specifically described by part name within the legend.

Figure Preparation: All figures should be clear and cited
in numerical order in the text. Figures must fit a one- or two-
column format on the journal page: 8.3 cm (3.3 in.) wide for
a single column, 17.3 cm (6.8 in.) wide for a double column;
maximum height: 24.0 cm (9.5 in.). Please make sure that
the symbols and numbers appeared in the figures should be
clear. Please make sure that artwork files are in an acceptable
format (TIFF or JPEG) at minimum resolution (600 dpi for
illustrations, graphs, and annotated artwork, and 300 dpi for
micrographs and photographs). Please provide all figures as
separate files. Please note that low-resolution images are one
of the leading causes of article resubmission and schedule
delays.

Units and Symbols: Units and symbols conforming to
the International System of Units (SI) should be used for
physicochemical quantities. Solidus notation (e.g. mg/kg,
mg/mL, mol/mmz/min) should be used. Please refer to the SI
Guide www.bipm.org/en/si/ for standard units.

Supplemental data: Supplemental data might be useful
for supporting and enhancing your scientific research and
Intractable & Rare Diseases Research accepts the submission
of these materials which will be only published online
alongside the electronic version of your article. Supplemental
files (figures, tables, and other text materials) should be
prepared according to the above guidelines, numbered in
Arabic numerals (e.g., Figure S1, Figure S2, and Table S1,
Table S2) and referred to in the text. All figures and tables
should have titles and legends. All figure legends, tables and
supplemental text materials should be placed at the end of
the paper. Please note all of these supplemental data should
be provided at the time of initial submission and note that
the editors reserve the right to limit the size and length of
Supplemental Data.
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5. Submission Checklist

The Submission Checklist will be useful during the final
checking of a manuscript prior to sending it to Intractable &
Rare Diseases Research for review. Please visit Download
Centre and download the Submission Checklist file.

6. Online Submission

Manuscripts should be submitted to Intractable & Rare
Diseases Research online at https.://www.irdrjournal.com. The
manuscript file should be smaller than 5 MB in size. If for any
reason you are unable to submit a file online, please contact the
Editorial Office by e-mail at office@irdrjournal.com

7. Accepted Manuscripts

Proofs: Galley proofs in PDF format will be sent to the
corresponding author via e-mail. Corrections must be returned
to the editor (office@irdrjournal.com) within 3 working days.

Offprints: Authors will be provided with electronic offprints
of their article. Paper offprints can be ordered at prices quoted
on the order form that accompanies the proofs.

Page Charge: No page charges will be levied to authors for
the publication of their article except for reprints.

Misconduct: /ntractable & Rare Diseases Research takes
seriously all allegations of potential misconduct and adhere to
the ICMIE Guideline (http://www.icmje.org/recommendations)
and COPE Guideline (http://publicationethics.org/files/Code
of conduct_for_journal editors.pdf). In cases of suspected
research or publication misconduct, it may be necessary
for the Editor or Publisher to contact and share submission
details with third parties including authors’ institutions and
ethics committees. The corrections, retractions, or editorial
expressions of concern will be performed in line with above
guidelines.

(As of June 2020)

Intractable & Rare Diseases Research
Editorial and Head Office
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2-4-5 Kasuga, Bunkyo-ku,

Tokyo 112-0003, Japan.
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