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ABSTRACT

Objective: The presence of primary hyperparathyroidism (PHPT) and Klinefelter syndrome (KS) is rare,
and its association with KS mosaicism is even rarer. We report an unusual combination of these entities
with a mild phenotype of KS.
Methods: The patient was a 44-year-old male with a history of PHPT who had recurrent urolithiasis
despite being treated with a successful parathyroidectomy. On examination, he had axillary hair growth,
bilateral gynecomastia, a large port-wine stain at the right hemithorax and upper right limb, and
genitalia and pubic hair corresponding to Tanner IV classification with small, normal consistency
testicles.
Results: Laboratory findings were unremarkable except for a slightly elevated luteinizing hormone,
which was normal on repeat testing. Because of the picture of unexplained gynecomastia, laboratory
findings, and low-volume testis, a diagnosis of KS was considered. Chromosomal analysis revealed a rare
45,X/46,XY/47 XXY/48,XXYY/48 XXXY KS mosaic.
Conclusions: KS phenotypes are largely variable, and their association with PHPT remains to be
elucidated.

© 2021 AACE. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

absence of apparent signs complicates the identification of affected
individuals.

Despite being described in 1942, the diagnosis of Klinefelter
syndrome (KS) remains a significant challenge. Nearly 75% of the
cases will never obtain the correct diagnosis,” resulting in unfa-
vorable repercussions in morbidity and mortality, but this per-
centage could be higher in countries with less favorable health care
services. Small testes, gynecomastia, hypergonadotropic hypo-
gonadism, and infertility are the classic features of KS; however, the

Abbreviations: KS, Klinefelter syndrome; LH, luteinizing hormone; PHPT, pri-
mary hyperparathyroidism; PTH, parathyroid hormone.
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KS is the most frequent cause of male primary hyper-
gonadotropic hypogonadism.* A 47,XXY karyotype occurs in 90% of
cases, whereas the remaining cases comprise various grades of
mosaicism or abnormal structure of the X chromosome.> On rare
occasions, KS variants can present as higher-grade X chromosome
aneuploidies (48,XXYY or 48,XXYY polysomies) and can be asso-
ciated with severe phenotypes, including cognitive and behavioral
disorders.°

Primary hyperparathyroidism (PHPT) is a common endo-
crine derangement with a prevalence of up to 1 to 4 per 1000
in the general population.” It is characterized by hypercalce-
mia and inappropriately normal or elevated levels of para-
thyroid hormone (PTH). The vast majority of PHPT cases are
caused by a single parathyroid adenoma; the remaining causes
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Table
Laboratory Findings

Values (normal range) Before parathyroidectomy After parathyroidectomy On admission At follow-up

Blood
Sodium (136-146 mmol/L) 146 141
Potassium (3.5-5.1 mmol/L) 4.49 4.09
Chloride (98-107 mmol/L) 106.5 103
Calcium (8.6-10.3 mg/dL) 10.3 10.2 9.12
Phosphorus (2.5-5 mg/dL) 23 3.63 2.64
Magnesium (1.9-2.7 mg/dL) 2.29 2.20 2.00
Creatinine (0.3-0.7 mg/dL) 1.03 0.99 0.94
Albumin (3.5-5.7 g/dL) 53 4.75 5.20
Intact parathyroid hormone (12-88 pg/mL) 128.33 58.9 60.7 70.0
25 (OH) vitamin D (30-100 ng/mL) 17.6 40.0 22.1
1, 25-dihydroxyvitamin D (19.6-54.3 pg/mL) 45.7
Follicle-stimulating hormone (1.27-19.26 mIU/mL) (men) 13.09 7.98
Luteinizing hormone (1.24-8.62 mIU/mL) (men) 9.37 4.12
Estradiol (<60 pg/mL) (men) 19.0
Testosterone (1.75-7.81 ng/mL) 3.53 427
Thyrotropin (0.3-5 mIU/L) 0.98 1.75
Prolactin (3.9-29.5 ng/mL) 8.30 33.11
Insulin-like growth factor 1 (78-230 ng/mL) 264.1
Growth hormone (0-3 ng/mL) 0.03 0.031
Corticotropin (10-100 pg/mL) 70 35
Free thyroxine (0.63-1.34 ng/dL) 0.95 1.1
Cortisol 8 am (6.7-22.6 mcg/dL) 11.86 12.59
Glycated hemoglobin (<5.7%) 4.9 4.8
Total cholesterol (<200 mg/dL) 207 174
High-density lipoprotein (40-60 mg/dL) 49 45
Low-density lipoprotein (<130 mg/dL) 151 113
Triglycerides (<150 mg/dL) 97 113
Fasting plasma glucose (70-105 mg/dL) 104 81
Alkaline phosphatase (34-104 U/L) 105 69 73
Alanine aminotransferase (7-52 U/L) 18.5 25
Aspartate aminotransferase (13-39 U/L) 17.0 20

24-h Urine excretion
Sodium (mmol/vol) 143 197
Potassium (mmol/vol) 40 32
Calcium (<300 mg/vol) 330.8 241 209
Phosphorus (<1000 mg/vol) 747 673
Creatinine (mg/vol) 1792 1497
Citrate (250-1000 mg/vol) 490.3 343 475
Oxalate (7-44 mg/vol) 20.2 21.52 23.22

include 4-gland hyperplasia, multiple adenomas, and para-
thyroid cancer.” Only 20% to 30% of patients with PHPT have
symptoms, nephrolithiasis being the most common.®

The presence of PHPT and KS have not been reported in the same
patient very often,” and its association with KS mosaicism is even
rarer. We report an unusual case of a young Hispanic male with a
mosaic KS and PHPT.

Case Report

A Mexican mestizo man aged 44 years was referred to our
endocrinology department for management of recurrent uro-
lithiasis. He presented with complaints of episodic pain bilater-
ally in the lumbar region since age 19 and had been using
nonsteroidal analgesic drugs to reduce his pain for the past 20
years. He had undergone subcutaneous mastectomy at age 15 for
gynecomastia but was not evaluated for its cause. At age 39, he
underwent transurethral lithotripsy with the removal of a 2-cm
stone from the left ureter, and he was reportedly diagnosed
with primary PHPT. He did not receive any treatment, and further
evaluation was not pursued. At age 43, a partial para-
thyroidectomy (3 and a half glands) was done (histologic exam-
ination reported parathyroid hyperplasia), nephrolithiasis was
persistent, and intact PTH was within the reference range
(Table 1). A 99™Tc-sestamibi SPECT/CT was performed 1 month
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after the surgery and did not reveal abnormalities. He affirmed
that he has several uncles on both the paternal and maternal
sides of his family with urinary calculi but could not provide any
details (Fig. 1).

At the time of his visit, the patient appeared old for his age.
He had a height of 164 cm, a weight of 77.3 kg (body mass index,
29 kg/m?), and an arm span of 158 cm. Physical examination was
remarkable for bilateral gynecomastia (Grade IV), without masses
or discharge, and a giant hemangioma on the right hemithorax
and upper right limb (Fig. 2). Axillary hair growth was present.
He had a Tanner stage of P5G4 with a penile length of 9.5 cm and
circumference of 7 cm. The volume of the right testicle was
approximately 4.5 x 2.5 x 2.5 cm, but the left testicle could not be
palpated. There was no history of anosmia, visual disturbance,
low libido, or erectile dysfunction. Serum calcium, intact PTH,
albumin, phosphorus, vitamin D, and 24-h urinary calcium
excretion were measured, and all were within the normal range.
The levels of follicle-stimulating hormone, luteinizing hormone
(LH), and testosterone were 13.09 (1.27-19.26 mlIU/mL), 9.37
(1.24-8.62 mlIU/mL), and 3.53 (1.75-7.81 ng/mL), respectively.
Other test results are shown in Table 1. Bone mineral density
evaluation revealed a femoral Z-score of 0.6 and a lumbar Z-score
of 2.6. The dorsal and lumbar spine morphometric study did not
show vertebral fractures. The spectroscopic analysis of the kidney
stones identified mono- and dihydrate calcium oxalate.
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Fig. 1. Patient’s pedigree. The proband (II1.2) is marked by a black arrow.

Fig. 2. Clinical manifestations in the propositus. A, Prominent gynecomastia and a violaceous spot (10 cm at its greatest dimension) in the right pectoral area with well-defined
boundaries. B, A large port-wine stain was also observed in the right scapular area, with well-defined irregular borders of vascular origin. C, Vascular spots with the same char-
acteristics were observed on the right arm and forearm. Note that it is a dermatosis that only affects the right hemibody and does not cross the midline.

Additional work-up tests included a urine amino acid panel, (Invitae)'® was performed, which reported 2 variants of uncer-
which did not reveal any abnormalities. Considering recurrent tain significance: ¢.569 T>C (p.Met190Thr) in the SLC3A1 gene
urolithiasis despite the absence of biochemical etiology and un- and ¢.2359C>T (p.Arg787Trp) in the XDH gene, both in the het-
der the patient’s consent, a nephrolithiasis multigene panel erozygote state.
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Fig. 3. Interphase fluorescence In Situ hybridization (FISH). Different cellular lines were found on lymphocytes (A and B) and buccal epithelial cells (C and D). Orange signal
corresponds to X-chromosome centromere and aqua signal to Y-chromosome centromere.

Because of the picture of unexplained gynecomastia, slightly
high LH, and inability to palpate the left testicle, a diagnosis of KS
was considered. A direct spermatobioscopy was carried out that
revealed oligo-terato-asthenozoospermia (semen volume = 1.7 mL
[normal >1.5 mL], total sperm number = 16 x 10%/ejaculate [normal
>39 x 10°]). Ultrasonography of the testis showed the absence of
both parenchymal alterations and hypervascularization; the right
and left testicle volume was 8.1 mL and 10.4 mL, respectively.
Chromosomal analysis was performed (GTG banding at 550 band
resolution), which revealed low-grade mosaicism: mos 45,X,-Y[3]/
48, XXXY[1]/46,XY[46]. Interphase fluorescence In Situ hybridiza-
tion was performed on lymphocytes and buccal epithelial cells,
using the Vysis-ABBOTT® LSI probes: CEPX (DXZ1) and LSI CEPY
(DYZI1), which also revealed a low-grade mosaicism: nuc
ish(DXZ1,DYZ1)x2[6/1000]/(DXZ1x3,DYZ1x1)[11/1000]/(DXZ1x1)
[40/1000]/(DXZ1x2,DYZ1x1)[77/1000] and nuc ish(DXZ1,DYZ1)x2
[6/1000]/(DXZ1x3,DYZ1x1)[8/1000]/(DXZ1x2,DYZ1x1)[61/1000]/
(DXZ1x1)[128/1000]., respectively, according to the International
System for Human Cytogenetic Nomenclature ISCN (2013)!!
(Fig. 3).

At the present time, our patient continues to have recurrent
episodes of urolithiasis and irregular compliance with the treat-
ment recommendations (including low sodium intake and potas-
sium citrate supplementation), despite our efforts.

Discussion

We report the occurrence of a rare case of mosaic KS associated
with PHPT and a variant of uncertain significance in the SLC3A1
gene. Only 2 cases of the coexistence of KS and PHPT have been
reported.®!? Both cases had typical clinical and biochemical find-
ings of KS. None of them were mosaic KS. To our knowledge, this is
the first report of a mosaic KS case with normal gonadotropin levels
at an adult age with mild clinical manifestations of KS, like gy-
necomastia, and with this unique pattern of mosaicism.

Unelevated serum gonadotropin levels in nonmosaic KS have
been reported before.'® It has been associated with different grades
of mosaicism,'* homogenous 47,XXY,”*> and trisomy Xq,"> which
indicate no obvious association between cytogenetic compositions
and phenotypes. Typically, testosterone levels start to decline in
late adolescence, and by early adulthood, overt hypergonadotropic
hypogonadism ensues.'® In addition, testosterone levels start to
decline as normal testicular tissue is destroyed.'” Because our pa-
tient had repeat PTH values that were normal with higher levels of
vitamin D, we speculate that our patient could also have secondary
hyperparathyroidism.

Our patient had gonadotropin levels that were virtually within
normal ranges. Central hypogonadism is the result of the exhaus-
tion of LH and follicle-stimulating hormone secondary to chronic
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stimulation.'®>° On the other hand, it is feasible that variable levels
of gonadotropin in KS represent different phenotypes.”’*?
Numerous findings on slight neuroendocrine variations have
been reported in KS, including increased secretion of prolactin and
growth hormone?® and increased levels of daily pulsatility of LH.?*
Androgen sensitivity also has an important role in influencing the
KS phenotype.®

The SLC3A1 gene (located at chromosome 2p16.3-p21) protein
product is involved in the transportation of cystine and dibasic
(ornithine, lysine, and arginine) and neutral amino acids.>>?% It
encodes the neutral and basic amino acid transport protein rBAT,
which forms a heterodimer with the gene product of SLC7A9, and
its mutation results in cystinuria.”® Cystinuria caused by defects in
SLC3A1 is inherited in a true autosomal recessive manner in which
heterozygotes have normal urinary cystine excretion.”’ The
absence of cystine in the kidney stone analysis and the urine amino
acid panel support this notion. However, there have been cases of
type II and type III heterozygotes that suffer from calcium oxalate
urolithiasis.?® This variant has a minor allele frequency of <0.01,
and In-Silico predictors (MutationTaster) describe it as disease-
causing. Nevertheless, the status remains unchanged.

Up to 30% of recurrence of nephrolithiasis after para-
thyroidectomy has been reported after an average follow-up of 5
years.’? The cause of recurrent urolithiasis despite been treated
with successful parathyroidectomy remains unclear because
hypercalciuria is the main lithogenic factor associated with stone
formation in PHPT.>? Few studies have attempted to elucidate the
increased risk of kidney stone formation despite successful para-
thyroidectomy. It has been hypothesized that young age;>' higher
body mass index;>? persistent hypercalciuria;>* low urine citrate;
and high urine phosphate, oxalate, and sodium may explain this
occurrence.** Our patient had none of these risk factors of kidney
stone formation other than young age.

Conclusion

Until now, no syndromic or pathogenic connection has been
established between PHPT and KS. As in the other 2 reported cases,
the coexistence of these 2 entities may be coincidental. We are
unaware of any reasons why the presence of KS should alter the
prevalence of PHPT in patients with KS or why either of these en-
tities should alter the features of the other. Because PHPT is
detected earlier in life, mild symptoms, such as depression, fatigue,
and mood disorder, can be easily overlooked, as is the case with
hypogonadism.>®> We hope that this case sheds light on the
phenotypic variation of KS and contributes to the existing
literature.
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