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Background/Objective: Variants in PAPSS2 (30-phosphoadenosine 50-phosphosulfate synthetase 2) present
with varying degrees of brachyolmia (short trunk, platyspondyly, mild long-bone abnormalities). Our
objective is to present the phenotype of male and female siblings with the same novel inactivating
variant in PAPSS2.
Case Report: A Jordanian female (case 1), born to consanguineous parents, was referred at 10 years of age
for short stature (SS). She had a normal laboratory workup, including normal growth hormone stimu-
lation testing. Spinal x-rays done for clinical scoliosis revealed platyspondyly. She attained an adult
height of 143.5 cm (-3 SD). Years later, her brother (case 2) was referred at 21 months of age for SS. His
laboratory workup and bone age were normal. His growth velocity declined at 6 years of age, but normal
growth factors did not suggest growth hormone deficiency. When he returned during puberty, dispro-
portionate body measurements were noted. A skeletal survey revealed platyspondyly, increasing sus-
picion of growth plate pathology. Exome sequencing in the family revealed a homozygous variant,
p.His496Pro (H496P) in PAPSS2 (NM_004670.3:c.1487A>C). Both parents carried the same variant.
Discussion: PAPSS2 assists with the sulfonation of dehydroepiandrosterone (DHEA) to DHEA sulfate and
the sulfonation of proteoglycans in the cartilage, necessary for endochondral bone formation. PAPSS2-
inactivating variants present with skeletal dysplasia and elevated DHEA levels.
Conclusion: This novel variant in PAPSS2 manifested with mild brachyolmia but disproportionate SS in
male and female siblings. Biochemical phenotype with low circulating DHEA sulfate and high DHEA
levels reflect a sulfonation defect.
© 2022 Published by Elsevier Inc. on behalf of the AACE. This is an open access article under the CC BY-

NC-ND IGO license (http://creativecommons.org/licenses/by-nc-nd/3.0/igo/).
Introduction

Congenital causes of disproportionate short stature (SS) include
a heterogeneous spectrum of skeletal dysplasias. Brachyolmia is
characterized by a short trunk, platyspondyly (flattened vertebral
bodies), and mild long-bone abnormalities.1 Three types of bra-
chyolmia are related to variants in the PAPSS2 gene, coding for
PAPSS2 (30-phosphoadenosine 50-phosphosulfate synthetase 2).1
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This enzyme converts inorganic sulfate and adenosine triphos-
phate into 30-phosphoadenosine sulfate, which serves as a sulfate
donor for the sulfonation of dehydroepiandrosterone (DHEA) to
dehydroepiandrosterone sulfate (DHEA-S) by sulfotransferase A1
(SULT2A1, Supplementary Fig. 1) in the adrenal glands.2 PAPSS2
also serves as the sulfate donor for proteoglycans in cartilage,
which is necessary for Indian hedgehog signaling in endochondral
ossification and bone growth.3 Patients with homozygous PAPSS2
variants can present with disproportionate SS secondary to skeletal
dysplasia. Females may additionally present with premature
adrenarche or signs of androgen excess, such as ovulation abnor-
malities, due to excess unconjugated DHEA that can be diverted
into the production of active androgens.4 We describe male and
female siblings, born to consanguineous parents, who presented
with disproportionate SS. Exome sequencing revealed an auto-
somal recessive homozygous variant in PAPSS2 (p.His496Pro).
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Written informed consent was obtained from the patients and
parents for the publication of this report and the accompanying
images.

Case Presentation

A Jordanian female (case 1) was initially evaluated at 10 years of
age for SS. Parents reported normal pubarche around age 9. Her
height for age trended between -1 SD and -2 SD from the mean,
below her midparental height (176 cm, 50th percentile, 0 SD). Her
weight for age was normal at the 50th percentile for age (0 SD).
Physical examination was notable for leg length discrepancy and
scoliosis, confirmed by radiologic studies, which also identified
dysmorphic vertebrae (Fig. 1B). She had an arginine insulin toler-
ance test that did not suggest growth hormone deficiency, with a
peak growth hormone level of 23.7 ng/mL (reference, >10 ng/mL).
The patient was lost to follow-up and continued pubertal devel-
opment, with menarche at 11.5 years of age. She attained an adult
height of 143.5 cm (-3 SD).

Her full brother (case 2) was evaluated for SS initially at age 21
months. Laboratory tests were not indicative of underlying organic
disease. His height trended below the third percentile (-2.0 SD) for
age, significantly below his midparental height (50th percentile,
0 SD). The patient’s weight trended normally between the 25th and
50th percentile for age (-0.4 to 0.1 SD). At age 4, bone age was
concordant with chronological age. His follow-up at 6 years of age
revealed suboptimal growth velocity, but normal insulin growth
factor-1 at 78 ng/mL (reference range, 37-192 ng/mL) and normal
insulin growth factor binding protein-3 at 2.97 mcg/ml (reference
range, 2.04-5.38 mcg/ml). The parents declined growth hormone
stimulation testing because of the prior normal result in the
affected sister. Of note, 3 other siblings had grown normally. The
brother returned to endocrinology at 13 years of age because of
Fig. 1. Skeletal survey of male sibling (case 2) (A) at 13 years, 6 months of age. Note the dispr
the vertebral bodies (platyspondyly). B, Spinal radiography of the female patient (case 1) r
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continued concerns for poor growth despite progressing puberty.
At that time, the older sister attained her final adult height and was
significantly short (143.5 cm, -3 SD). On examination, the boy’s
height was -2.5 SD from the mean; he had long upper extremities,
large hands and feet, and a short torso. Pubic hair and genital stage
were Tanner III, but he had few axillary hairs. The skeletal survey
revealed platyspondyly (Fig. 1A), which together with the dispro-
portionate SS and family history was suspicious for autosomal
recessive growth plate pathology. Exome sequencing was per-
formed on the family, and the 2 affected siblings had the homo-
zygous variant p.His496Pro (H496P) in PAPSS2
(NM_004670.3:c.1487A>C). The variant was not found in the general
population database but was predicted to be pathogenic by 3 silico
prediction tools (SIFT, MutationTaster, and PolyPhen2). The parents
and 2 other siblings were heterozygous carriers of the same mu-
tation (Supplementary Fig. 2). At age 15 (Fig. 2A), the boy’s height
was 146.1 cm (-2.87 SD), with an abnormally elongated arm span
measurement of 160.5 cm. He had progressed normally to the
Tanner IV stage of genital development. Laboratory evaluation at
11:45 AM revealed low DHEA-S at <15 ug/dL (reference range, 30-
555 ug/dL) and elevated unconjugated DHEA at 572 ng/mL (refer-
ence range, 39-481 ng/mL). The androstenedione level was normal
at 87 ng/dL (reference range, 21 to 154 ng/dL); the 17-
hydroxyprogesterone level was normal for Tanner IV stage at 37
ng/dL (reference range, 29-180 ng/dL); the total testosterone (425.0
ng/dL), serum-free testosterone (51.0 pg/mL), percentage of free
testosterone by dialysis (1.2 %), and sex hormone binding globulin
(58 nmol/L) were all appropriate for the stage of puberty.

The sister was reevaluated after the genetic results. She reported
a necrotic ovarian cyst at 20 years of age that required cystectomy.
She had no complaints of hirsutism or acne. On physical exami-
nation at age 21, she had a similar disproportionate appearance as
the affected brother (Fig. 2B), including a short trunk, short legs,
oportionate short trunk compared to longer extremities and the flattened appearance of
evealing thoraco4lumbar levoscoliosis and pelvic tilt (right side higher than left side).



Fig. 2. A, Case 2: Male sibling at 15 years of age standing beside mother. Notice the large hands and shoe size, as well as short trunk and short legs, compared to longer arms. B, Case
1: Female patient standing beside her father at 21 years of age.
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large hands, and abnormal arm span of 155 cm (height was 143.5
cm). Laboratory data at 12:01 PM revealed low DHEA-S at 25 mcg/
dL (reference range, 51-321 mcg/dL) and elevated unconjugated
DHEA at 1249 ng/dL (reference range, 385-1143 ng/dL); compatible
with decreased sulfonation of DHEA, mechanistically expected in
PAPSS2 variants. The other adrenal hormone intermediates were
found within the normal range for age: 17-hydroxyprogesterone
(89 ng/dL); androstenedione (217 ng/dL); and 17-
hydroxypregnenolone (205 ng/dL). The patients and parents were
counseled appropriately regarding the genetic variant.

Discussion

We present male and female siblings with disproportionate SS
and low DHEA-S due to a novel, inactivating, homozygous variant
in PAPSS2. Their clinical presentation is consistent with a mild
presentation of the previously reported phenotype of patients with
pathogenic variants in PAPSS2,5 including the short trunk, platy-
spondyly, mild long-bone abnormalities, disproportionate SS, and
decreased adrenal sulfonation of DHEA (Table).

Skeletal dysplasias should be considered in children with
idiopathic SS and familial SS, especially in patients with abnormal
body proportions. Skeletal dysplasias may not be immediately
identifiable because of the heterogeneity of these conditions and
the gradual development of disproportionate body segments over
time. Radiological studies of the spine, pelvis, and extremities
may provide helpful hints when findings are not identifiable on
physical examination. Family history of consanguinity and
disproportionate SS should raise suspicion for genetic causes of
SS, including growth plate pathology, such as in the family we are
reporting.
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Genetic studiesmay include comparative genomic hybridization
or single nucleotide polymorphism arrays to detect copy-number
variants or exome sequencing to examine point variants in coding
regions of the entire genome.6 These patients had a homozygous
variant in PAPSS2. To our knowledge, this variant (p.H496P) has not
been previously reported as pathogenic in humans. In-silico ana-
lyses, including protein predictors and evolutionary conservation,
suggest a deleterious effect. In addition to the brachyolmia, the fact
that the affected siblings showed decreased DHEA-S supports
impaired sulfonation of DHEA as a result of the identified variant.
Previous reports in the literature indicate that the skeletal mani-
festations in PAPSS2 defects vary clinically and radiologically, even
with the same gene variant.1

PAPSS2 is abundant in the liver (PAPSS2b), cartilage, and adrenal
glands (PAPSS2a).4,7 In the cartilage, absence of PAPSS2 results in
the unavailability of the sulfate donor PAPS, preventing the sulfo-
nation of proteoglycans by chondroitin 6-O-sulfotransferase.4 This
is thought to be necessary for Indian hedgehog signaling,8 critical
for proliferation and differentiation of growth plate chondrocytes
preceding endochondral bone formation, and one of the main
mechanisms of longitudinal bone growth of the axial and appen-
dicular skeleton.9 The brachymorphic mouse model is generated
with a homozygous variant in PAPSS2.8 Growth plate analysis in this
mutant model elicits decreased sulfonation of chondroitin chains,
decreased Indian hedgehog protein content, decreased presence of
fibroblast growth factor receptor 3 (FGFR3), and decreased chon-
drocyte proliferation.8

PAPSS2 also provides the sulfate donor for sulfonation of DHEA
to DHEA-S, a critical step to regulate the availability of DHEA, which
can be converted into androstenedione, in turn convertible into
testosterone. Testosterone can act directly on target receptors, or it



Table
Summary of Main Clinical and Paraclinical Findings of the Cases Presented

Feature Case 1 Case 2

Patient sex of patient and age at measurement Female, 21 years old Male, 15 years old
Adult height 143.5 cm (-3.04 SD) 146.1 cm (-2.87 SD)
Calculated midparental height 176 cm ± 9 cm 176 cm ± 10 cm
Arm span 155 cm 160.5 cm
Body appearance Short trunk, short legs long arms,

large hands
Identified skeletal abnormalities Pelvic tilt, leg length

discrepancy, levoscoliosis,
platyspondyly

Platyspondyly

DHEA 1249 ng/dL (reference range,
385-1143)

572 ng/mL (reference range, 39-481)

DHEA-S 25 mcg/dL (reference range,
51-321)

undetectable <15 ug/dL (reference range, 30-555)

Androstenedione 217 ng/dL (reference range,
73-230)

87 ng/dL (reference range, 21-154)

17-hydroxyprogesterone 89 ng/dL (reference range,
23-102)

37 ng/dL (reference range, 51-190)

Testosterone panel Total testosterone 41 ng/dL
(reference range, 2-45), free
testosterone 3.7 pg/mL
(reference range, 0.1-6.4)

Total testosterone, 425.0 ng/dL (reference range, 350-970),
free testosterone 51.0 pg/mL (reference range, 52-280)

Other Early adrenarche, ovarian cyst
as adult

Normal puberty development, no signs of hyperandrogenism

Abbreviations: DHEA ¼ dehydroepiandrosterone; DHEA-S ¼ dehydroepiandrosterone sulfate.
Note the SS, long arm span, low DHEA-S, high DHEA levels.
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can be transformed into dihydrotestosterone and produce signs of
virilization such as hirsutism, acne, or ovulation defects in females.
High circulating testosterone levels inhibit luteinizing hormone
pulses, critical for cyclic ovulation.

Both patients had a biochemical elevation of DHEA with low
DHEA-S levels. The levels of androstenedione and other androgens
were not elevated, and there were no clinical signs of androgen
excess in the male sibling, as expected in males. However, the fe-
male sibling had a necrotic ovarian cyst, which could be the result
of an ovulatory defect. Prior literature reports have associated
PAPSS2 variants with premature pubarche,4 hyperandrogenism,
and polycystic ovary syndrome.10 The clinical manifestations of
hyperandrogenism are variable, despite the more consistent
biochemical profile (low DHEA-S and high DHEA).

Conclusion

The reported novel inactivating homozygous variant (p.H496P)
in PAPSS2 manifested with SS of undetermined cause, which was
further characterized as disproportionate SS in these male and fe-
male siblings, born to consanguineous parents. Although their
clinical presentation is consistent with the previously reported
phenotype of patients with pathogenic variants in PAPSS2, their
phenotype was characterized by a less severe brachyolmia and no
significant clinical hyperandrogenism despite the elevated DHEA
and decreased circulating DHEA-S.
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