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What is already known about this topic? 

A splice site variant in ABCA5, mapped to chromosome 17, results in autosomal recessive 

hypertrichosis. 

What does this study add? 

The first intragenic deletion in the ABCA5, identified in the present study, validates involvement 

of the ABCA5 in hair development. 

 

 

 

  



Summary 

Background. Hereditary hypertrichosis is characterized by excessive hair growth on various body 

parts which is independent of age of an individual. This rare hair disorder has been classified on 

the basis of its origin (genetic or acquired), age of onset, breadth of hair distribution (universal or 

localized), and the affected body parts.  Hypertrichosis is often linked to several additional 

congenital abnormalities involving teeth, heart, and bones. Human hereditary hypertrichosis has 

been associated with heterozygous genomic duplications and deletions in the chromosomal region 

17q24.2-q24.3 containing genes such as ABCA5, ABCA6, ABCA10, and MAP2K6. Recently, a 

homozygous splice site variant in ABCA5 has been reported to cause autosomal recessive 

Congenital Generalized Hypertrichosis Terminalis (CGHT) (OMIM 135400). 

Aims. To investigate the clinical and genetic basis of autosomal recessive hypertrichosis in a large 

consanguineous Pakistani family. 

Methods and Results. In the present study, we have characterized a family of Pakistani origin 

segregating CGHT in an autosomal recessive pattern. Whole exome sequencing followed by 

Sanger sequencing revealed a novel two base pair intragenic deletion (ABCA5; NM_172232.4; 

c.977_978delAT) causing a frameshift variant p.His326ArgfsTer5 in ABCA5. 

Conclusions. This is the first intragenic deletion in ABCA5 underlying the CGHT disorder. The 

findings further validated the involvement of ABCA5 in hair development. The study will facilitate 

genetic counseling of families carrying CGHT-related features in Pakistani and other populations.  

 

  



Introduction                                                                                                                                                                                         

Hereditary hypertrichosis (MIM 135400) is an extremely rare disorder (less than 1:1,000,000) 

characterized by excessive hair growth on the body that is independent of androgen stimulation. It 

segregates both in an autosomal dominant and recessive pattern.1,2 The excessive hair growth can 

cover the entire body or confined to certain area of the body. The disorder can be congenital or 

acquired later in the life. In most cases, the acquired form is related to anorexia nervosa, adverse 

effects of drugs, autoimmune diseases, and cancer.3 

Over the years, several different types of hereditary hypertrichosis have been reported. This 

included, Ambras type (MIM 145701; HTC1)4, X-linked hypertrichosis (MIM 307150; HTC2)5, 

congenital generalized hypertrichosis terminalis (CGHT) with or without gingival hyperplasia 

(MIM 135400; HTC3),6,7 and hypertrichosis universalis (MIM 145700).8 

HTC1 has been mapped to chromosome 8q22. Expression studies revealed reduced expression of 

the gene TRPS1 located near the region on chromosome 8q22, therefore, the same gene was 

considered as the best candidate for HTC1.9 HTC2, segregating as X-linked hypertrichosis, is 

caused by insertions at the human-specific extragenic palindrome sequence at Xq27.1. The 

insertion has affected FGF13 spatiotemporal expression leading to influence downstream 

signaling pathways in the hair follicles.10 HTC3 is associated with heterozygous genomic 

duplications and deletions in the chromosomal region 17q24.2-q24.3.6 Hypertrichosis universalis 

segregates as a dominant trait but no human genomic locus has been reported to be associated with 

the disease phenotype.8  



In the present study, we have investigated an extended Pakistani family having four individuals 

affected with congenital generalized hypertrichosis terminalis (CGHT). The hall mark feature in 

our cases is segregation of excessive terminal hair growth in an autosomal recessive manner. 

Whole exome sequencing followed by Sanger sequencing revealed a novel homozygous two base 

pair deletion [c.977_978delAT] in ABCA5 located on chromosome 17q24.3, leading to complete 

loss of the gene product.  

 

Materials and Methods 

Family Recruitment and Blood Sampling 

The present study was approved by the Institutional Review Board (IRB) of Quaid-i-Azam 

University Islamabad, Pakistan under the IRB number IRB-QAU-177. Informed consent was 

obtained from all family members who participated in the study. The family pedigree was 

constructed after careful review of the information provided by the patient's guardians (Figure 1a). 

Patients were investigated for having excessive hair growth and other congenital anomalies. Blood 

samples were collected from five healthy (IV-2, IV-6, IV-7, V-4, V-7) and four affected 

individuals (V-2, V-5, V-6, V-8) (Figure 1) of the family in an EDTA tubes (BD, Franklin Lakes, 

NJ, USA). Sigma-Aldrich GenElute Blood Genomic DNA Kit (St. Louis, MO, USA) was used to 

extract the DNA. 

Whole Exome Sequencing 

DNA of two affected members (V-6, V-8) of the family was extracted and quantified for whole-

exome sequencing (WES) to search for the genetic causes of CGHT in this family. Libraries were 

generated using the Agilent SureSelect Target Enrichment Kit. Clusters were prepared using 



bridged amplification reaction that occurs on the surface of the flow cell. A flow cell containing 

millions of unique clusters was loaded into the HiSeq 2000 sequencer for automated cycles of 

extension and imaging using Sequencing-by-Synthesis method. BWA (Burrows-Wheeler 

Alignment) tool was employed to align the sequence reads to the human reference genome.11 The 

Genome Analysis Toolkit (GATK) software package was used to analyze high-throughput 

sequencing data.12 All the called Variants were annotated with Illumina VariantStudio v2.2.  

Based upon the inheritance pattern of the disease and consanguinity among parents of affected 

individuals in the pedigree, we expected that the disease-causing variant would be homozygous in 

the affected individuals and heterozygous in their parents. Therefore, for identification of the 

causative gene/variant, all the homozygous variants shared by both affected individuals were 

selected for further analysis. Variants with total read depth <23 were removed in order to limit the 

occurrence of false positive signals. Further prioritization was carried out based on gene function 

and expression in the tissues (Figure 2a).  

According to the above criteria, a novel homozygous two base pair deletion [c.977_978delAT] in 

ABCA5 was identified. To validate the results of whole exome sequencing, the variant in ABCA5 

was analyzed in DNA from the rest of the affected and unaffected individuals in the family using 

Sanger sequencing. Following primer pairs Forward:  5′-CATGAAAATAGCTTGTTCTTTCAG-

3′ and Reverse: 5′-CTATCAAACTGAGTTTCTGCAG-3′ with expected product size of 561 bps 

were used to amplify and sequence the region harboring the identified variant in ABCA5. PCR 

products were examined on 2% agarose gel and purified using a commercially available kit 

(Axygen Inc., CA, USA). The DTCS Quick Start sequencing kit was used for DNA sequencing 

(Beckman Coulter, Fullerton, CA, USA). The BIOEDIT sequence alignment editor version 6.0.7 

was used to align the Sanger sequencing findings with reference gene sequence. Sequence of 



reference ABCA5 was downloaded from ensemble genome browser (www.ensembl.org). To 

exclude the polymorphic nature of the variant 50 additional control individuals were screened for 

the identified variant. To validate pathogenicity and investigate influence of the variant on protein 

function, human mutation prediction softwares, including MutationTaster, SIFT, VEP, 

PROVEAN, and VarSome were employed. 

 

Results 

Clinical Findings 

The family pedigree showed four affected individuals, in two different loops, segregating CGHT 

in autosomal recessive pattern. All four affected and five unaffected members were available for 

clinical and genetic characterization.  

Affected member (V-2), aged 25 years was born to consanguineous parents. He showed 

hypertrichosis since birth with excessive hair on his arms, legs, scalp, face, and back of his body 

(Supplementary Table 1). In addition, he had gingival hyperplasia. Affected individual (V-5), aged 

16.5 years, had hypertrichosis on his entire body since birth, gingival hyperplasia, and epilepsy 

(Figure 1b). An electroencephalogram (EEG) was performed to diagnose epilepsy after reporting 

complaints with fits. Doctor started treatment of the patient with multiple anticonvulsants like 

epival, rivotril with multivitamins after which fits were controlled with occasional seizures. The 

patient suffered an episode of chickenpox and high fever due to which he died at the age of 17 

years. Another affected member, aged 14 years, had hypertrichosis, gingival hyperplasia, and 

crowded teeth. Patient (V-8), aged 8 years, had excessive hair growth on head, arms, legs, and 

http://www.ensembl.org/


back since birth, and gingival hyperplasia. He showed mild CGHT signs. An electrocardiogram of 

an affected as well as a carrier individuals was unremarkable.  

Genetic Findings 

Analysis of exome sequencing data revealed a potential disease-causing variant (c.977_978delAT) 

in ABCA5. Sanger sequencing, using DNA of diseased and healthy individuals from the rest of the 

family members, exhibited correct segregation of the causative variant. Patients were homozygous 

and parents were heterozygous carriers for the variant. The phenotypically normal siblings (V-4 

and V-7) were wild type for ABCA5 alleles (Figure 2c). The variant was predicted as disease 

causing/pathogenic by human mutation prediction softwares, including MutationTaster (Disease 

causing, score = 1), SIFT (Pathogenic, score = 0.858), VEP (Frameshift_variant: 100%), VarSome 

(Pathogenic, score = 0.669), and PROVEAN (Deleterious, score = -7.79). According to ACMG 

classification the variant was classified as pathogenic. The variant was considered novel as it was 

neither present in any of the human variation databases nor 100 ethnically coordinated control 

chromosomes. This variant (c.977_978delAT) in ABCA5 is predicted to cause frameshift 

p.His326ArgfsTer5 leading to a premature termination of the transcript. 

  

Discussion 

Investigation of a consanguineous family, segregating congenital generalized hypertrichosis 

terminalis (CGHT) in autosomal recessive manner, revealed a first intragenic deletion 

[c.977_978delAT, p.His326ArgfsTer5] in ABCA5 located on the human chromosome 17q24.3. 

Previously, a homozygous splice site variant (c.4320+1G>C) in the ABCA5 has been reported to 

cause the CGHT in a patient of Yemeni origin.7 Affected members in the present family had 



hypertrichosis, gingival hyperplasia, and crowded teeth. In one affected member epilepsy was 

diagnosed as well. Except crooked teeth, all other features were reported in the patient described 

by De-Stefano et al.7 However, severity of the features observed in affected members in our family 

was less. In addition to these two homozygous disease-causing variants, a few copy number 

variations in the chromosomal region 17q24.2-q24.3 containing ABCA5, associated with 

autosomal dominant hypertrichosis, have been reported (Supplementary Table 2).13-16 The affected 

individuals showed characteristics of CGHT with gingival hyperplasia, coarse facial appearance 

with bushy and dark eyebrows, a broad and flat nose and thickened lips, macrocephaly, and wide 

spaced teeth.7,13-16 In humans, ABCA5 has been identified as a biomarker for tumor stem cells in 

osteosarcoma based on its overexpression, where it is also strongly expressed in melanoma and 

undifferentiated colon and ovarian carcinomas.17-19 It is pertinent to report here that affected 

members in our family did not reveal any feature related to melanoma and undifferentiated colon 

and ovarian carcinomas. 

Recently, Du et al.15 reported a Chinese patient with idiopathic ventricular tachycardia due to 

compound heterozygous variants (c.128dup; c.3328A>G) in the ABCA5. Ventricular tachycardia 

as well as any other cardiac anomalies were ruled out in our patients by electrocardiogram 

examination. ABCA5 and desmosomes are known to cause hair abnormalities and heart 

disease.15,20-21 Desmosomes and adherens provide mechanical continuity, while gap junctions 

provide a pathway for passage of ions and small molecules between cells.21 Thus, the abnormal 

structure or function of desmosome may lead to the anomalies affecting keratinocytes and 

myocytes. ABCA5, is highly expressed in cardiomyocytes, brain, lungs, testis, and thyroid gland.22-

23 Loss of function of ABCA5 may lead to the elevated plasma cholesterol. Thus, the disruption of 

intercellular communication due to abnormal desmosome and/or accumulation of cholesterol due 



to abnormal ABCA5 in the keratinocytes and myocytes may lead to hair abnormalities associated 

with heart disease. 

ATP-binding cassette (ABC) genes are grouped into seven different groups (ABC1, MDR/TAP, 

MRP, ALD, OABP, GCN20, White). The protein (ABCA5), encoded by ABCA5, is a member of 

the ABC1 subfamily which is the only major subfamily found particularly in multicellular 

eukaryotes. ABCA5 is present in a cluster amongst four other ABC1 family members on 

chromosomal region 17q24. Several transcript variants emerge from alternative splicing of 

ABCA5; however, not all variants have been completely documented. ABCA5 is a lysosomal 

protein, which determines the fate of cholesterol derived from lipoprotein. The functional loss of 

this protein impairs the integrity of lysosomes, disrupts the intracellular flow of free cholesterol, 

and causes cholesterol to accumulate intra-endolysosomally, adding to the organelles' 

malfunction.7 It may also be involved in the processing of autolysosomes.  

ABCA5, 1642 amino acids long peptide, is composed of two domains, including ABC transporter 

1 (478-713 amino acids) and ABC transporter 2 (1290-1533 amino acids). It is expressed in both 

the mesenchymal and epithelial compartments, present within the outer root sheath (ORS) of the 

hair follicle as well as dermal sheath.7 The variant p.His326ArgfsTer5, discovered in our family, 

was located at the N-terminal of ABCA5 protein (Figure 2b). It is highly likely that a homozygous 

recessive disruption of ABCA5 causes loss of function in lysosome in the keratinocytes, resulting 

in an accumulation of autophagosomes, and increased endolysosomal cholesterol. Consequently, 

it leads to the aberrant activity of downstream pathways crucial for keratinocytes differentiation, 

induction, and hair follicle development.  



Abca5 knockout mice developed lysosomal disease-like symptoms characterized by 

cardiomyopathy-like heart, exophthalmos, and collapse of the thyroid gland. The Abca5−/− mice 

died during adulthood due to depression of the cardiovascular system.23   

In conclusion, the study presented here, revealed a second intragenic variant in the ABCA5 gene 

causing CGHT. The findings further validated the involvement of ABCA5 in hair development. 

The present knowledge can be applied in prenatal screening of the fetus in other at-risk families in 

Pakistan. Further, the study will also facilitate genetic counseling of family carrying CGHT-related 

features in Pakistani and other world populations.  
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Figure Legends 

Figure 1: Panel A shows a family pedigree segregating CGHT in an autosomal recessive pattern. 

Circles and squares represent females and males, respectively. Filled shapes represent affected, 

and blank normal individuals. Double lines between individuals represent a consanguineous union. 

Panel B shows clinical phenotypes of affected individuals (V-6, V-8) showing excessive hair 

growth on the scalp, face, arms, legs, and back of their bodies associated with gingival hyperplasia, 

and crowded teeth (Photos of affected individuals are shared with the consent of their parents).  

Figure 2: Variant analysis of ABCA5 in the DNA of the present family. Panel A shows WES 

filtration steps used to screen the identified disease-causing variant in the exome data of two 

affected individuals. Panel B represents predicted domains of ABCA5 protein (1642 amino acids). 

The predicted protein shows c.977_978delAT; p.His326ArgfsTer5 (highlighted in red) identified 

in the present study. Panel C represents sequencing chromatograms showing the identified variant 

[c.977_978delAT] in ABCA5 in homozygous state in affected, wild type in normal healthy and 

heterozygous in obligate carrier. The site of the variant is represented with an arrow.  
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