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Background: Multiple endocrine neoplasia type 1 (MEN1) is a hereditary endocrine
syndrome caused by mutations in MEN1 tumor suppressor gene.

Case Presentation: A 53-year-old Chinese female was admitted to Division of
Endocrinology, Tongji Hospital, for hypercalcemic crisis. Increased level of parathyroid
hormone (PTH) was confirmed by laboratory tests, and imaging examination showed
multiple parathyroid adenomas. Based on gene analysis, the patient was diagnosed as
MEN1 associated hyperparathyroidism (HPT) by gene analysis with c.1378C>T
(p.Arg460Ter) mutation in MEN1 gene. Her condition was complicated by transient
hypercort isol ism, mammary mass and uterine leiomyoma. After subtotal
parathyroidectomy, PTH and serum calcium levels returned to normal.

Conclusion: HPT with multiple parathyroid adenomas is an indication of MEN1 gene
mutation. Serum cortisol and its circadian rhythm can be abnormal in the presence of
hypercalcemia and high PTH. These parameters can return to normal after
parathyroidectomy.

Keywords: multiple endocrine neoplasia type 1, hyperparathyroidism, hypercortisolism, parathyroid
adenomas, hypercalcemia
INTRODUCTION

Multiple endocrine neoplasia (MEN) is characterized by the occurrence of two or more endocrine
tumors in a single patient (1). There are four major types of MEN denoted as MEN1-4 (2). Each type
of MEN is characterized by the occurrence of tumors in specific endocrine glands, inherited as an
autosomal-dominant syndromes or may be sporadic (1).

The classic manifestation of MEN1 is co-occurrence of parathyroid, pancreatic islet, and anterior
pituitary tumors. Other neoplasms may occur during the course of MEN1, including adrenal
tumors, gastric tumors, skin and subcutaneous tumors, as well as breast cancer reported recently (3,
4). The incidence of MEN1 has been estimated to be 0.25% from randomly chosen postmortem
studies, and to be 1-18% in patients with primary hyperparathyroidism (PHPT) (3). A diagnosis of
MEN1 is established if a patient has one of three manifestations: 1) two or more main MEN1-
n.org March 2022 | Volume 13 | Article 8024531
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associated endocrine tumors, 2) one MEN1-associated tumor
and a first-degree relative of a confirmed MEN1 patient, 3) a
germline mutation in MEN1 gene (3).

Here, we report a complex case of MEN1 associated with
symptomatic PHPT and a transient hypercortisolism. Multiple
parathyroid adenomas raised our concerns regarding the
diagnosis of MEN1. To our knowledge, dynamic change of
cortisol level in MEN1 patient has not been reported before.
CASE DESCRIPTION

A 53-year-old Chinese female was referred to local hospital in April
2019 because of her sore left knee (Supplementary Figure 1). After
admission, the patient was diagnosed with bone cyst of the left
patella and osteoporosis based on X-ray and dual-energy X-ray
absorptiometry (DEXA) scanning. The preoperative examinations
showed a significant increase in serum calcium (4.03mmol/L),
while a decrease of potassium level (2.9mmol/L). Thus, an
operation proposed based on the primary diagnosis was
canceled. Although the patient received fluid infusion and
potassium supplementation, the serum potassium and calcium
concentrations did not return to normal levels. Subsequently, the
patient was transferred to our department for further clinical
evaluation. The patient suffered from dry mouth, fatigue, and
muscular weakness in the past year. There was no nausea, poor
appetite, back pain, neurological alterations, and other discomforts.
She didn’t receive any medical treatment. In addition, the patient
had a history of hypokalemia, hypertension and hysterectomy for
uterine leiomyoma. She took anti-hypertension medications
(calcium channel blockers) and oral potassium tablets
intermittently. Her mother had a long history of hypertension
and type 2 diabetes and her father had died of gastric cancer. There
was no family history of electrolyte disturbances, psychosocial and
hereditary disease.

On admission, the patients was conscious with a body
temperature of 36.5°C, pulse rate of 96 beats/min, and blood
pressure of 140/99mmHg. An oval-shaped mass with regular
edges was palpable on the left side of the neck. There were no
symptoms or signs of hypoglycemia, headache, vision loss, moon
face, hirsutism, purple striae, or central obesity.

Laboratory examinations revealed notable elevations in
parathyroid hormone (PTH) (1917.00 pg/mL, normal range 15-
65 pg/mL) and calcium (4.14 mmol/L, normal range 2.15-2.50
mmol/L), indicating hypercalcemic crisis (Table 1). Based on these
findings, the patient was diagnosed as PHPT. The patient also
presented a hypercortisolism and loss of circadian rhythm
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(8am 221.00 µg/L, 4pm 287.70 µg/L, 12MN 281.40 µg/L,
Table 2), while adrenocorticotrophic hormone (ACTH) level was
normal. The serum cortisol could not be inhibited by low-dose
overnight dexamethasone suppression test (DST) (Table 2) (5).

A 99mTc-methoxyisobutylisonitrile (MIBI) scan of the
parathyroid showed three focal uptakes (one behind the left lobe
of thyroid with the size of 34×25mm and two behind the right lobe
of thyroid with the size of 10×10mm and 14×13mm, respectively),
suggesting multiple parathyroid adenomas (Figure 1A).

Besides rehydration and potassium supplementation, the
patient was treated with diuretics (furosemide) in the first 8
hours after admission. However, the serum calcium remained
above 4 mmol/L. Subsequently, salmon calcitonin and
bisphosphonate (zoledronic acid, 4mg, intravenous drip
slowly) were given according to the guidance for Emergency
management of acute hypercalcaemia in adult patients (6). The
level of serum calcium gradually decreased from 4.33mmol/L to
2.37mmol/L (Table 1) and the eGFR maintained stable. The
symptoms including thirsty, fatigue and knee soreness were
relieved as well. Thereafter, the patient received subtotal
parathyroidectomy (SPTX) and 3 glands were removed.
Calcium (Calcium carbonate D3 tablets, 1800 mg/day) and
vitamin D (Alfacalcidol Capsules, 0.75 ug/day) were
supplemented after surgery (7). Meanwhile, the potassium
replacement was stopped.

Postoperative pathological findings confirmed multiple
parathyroid adenomas (Figure 1B). PTH levels decreased to
normal range 3 days after surgery (Table 1). We re-evaluated the
functions of endocrine glands after surgery. As shown in Table 2,
cortisol level returned to normal range immediately after
parathyroidectomy. The 2-day high-dose dexamethasone
suppression test (HDDST, 2-mg dexamethasone every 6 hours)
was performed and a suppression rate of serum cortisol more
than 50% was observed (Table 2) (8). The concentrations
of renin and aldosterone in addition to aldosterone-renin
ratio (ARR) were tested after parathyroidectomy when the
corresponded potassium level was normal, and no abnormal
results were found. However, hemoglobin dropped to 73 g/L.
After ruling out the cause of massive intraoperative blood loss
and blood diseases, we suspected this drop may be attributed to
the usage of zoledronic acid (9).

Because of the multiple parathyroid glands involvement, a
DNA sequencing of MEN! Gene was performed. A heterozygous
C to T change was identified at codon 460 in exon 10 according
to the current human reference genome (GRCh37) (Figure 1C),
which suggested a pathogenic mutation. Thus, this patient was
diagnosed with MEN1. Subsequently, the MEN1 gene of her son
TABLE 1 | Electrolyte and PTH levels before and after parathyroidectomy.

Day -7 -5 -3 -1 0 1 3 10 76 137

PTH (15-65 pg/mL) 1917.00 2055.00 / 2942.00 / 76.96 29.88 / 219.60 153.50
Ca (2.15-2.5mmol/L) 4.14 3.83 2.54 2.54 2.60 2.26 2.35 2.32 2.22 2.31
K (3.5-5.1mmol/L) 3.06 3.61 3.20 3.13 3.52 3.60 3.10 5.32 4.03 3.60
P (0.81-1.45mmol/L) 1.00 0.85 0.45 0.54 / / 0.68 0.79 0.89 /
March
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was also evaluated, and it was identified as wild type at this
genetic locus (Figure 1D).

Radiological screening tests for MEN1-associated tumors
were conducted at the meanwhile. Considering the eGFR of
the patient, the non-contrast-enhanced magnetic resonance
imaging (MRI) of pituitary was performed, which showed a
slight decrease of the T1 signal of posterior pituitary (Figure 1E).
The non-contrast-enhanced adrenal computed tomography
(CT) scan demonstrated bilateral nodular enlargement,
considering as hyperplasia or adenoma (Figure 1F). There
were no abnormalities observed from CT of lung, pancreas, or
gastrointestinal tracts, except for nephrolithiasis in both kidneys
(Supplementary Figure 2A) and punctate high-density shadows
in the left breast (Supplementary Figure 2B). Breast ultrasound
and mammography were not conducted because of the objection
of the patient.

The patient came for the first follow-up visit two and half
months after surgery. Calcium and vitamin D were regularly
taken with the unchanged dosage while potassium replacement
has been stopped since the operation. As shown in Tables 1, 2,
PTH level increased again (219.60 pg/mL) but serum calcium
Frontiers in Endocrinology | www.frontiersin.org 3
levels along with ACTH, cortisol, potassium, renin and
aldosterone concentrations were within normal range. It was
noteworthy to mention that the PTH on the second follow-up
visit 4.5 months after surgery decreased to 153.50 pg/mL with
serum calcium 2.31 mmol/L (Table 1).
DISCUSSION

MEN1 is a rare autosomal dominant hereditary tumor syndrome
caused by a germline mutation on chromosome 11q13 (3). MEN1
gene is a tumor suppressor gene, encoding the protein menin,
which plays a role in regulating gene expression and cell
proliferation through selectively mediate chromatin remodeling (2).

Patients with MEN1 can present with a wide variety of
manifestations including PHPT, pituitary tumor, adrenal lesion,
lipoma, myoma of uterus, gastroenteropancreatic neuroendocrine
tumors (GEP-NET), and breast cancer (Table 3), among which
PHPT is one of the most frequent presentations (10). In this case,
the patient presented variable clinical manifestations including
bilateral enlargements of adrenal glands, mammary mass, uterine
TABLE 2 | Laboratory examinations before and after parathyroidectomy.

Pre-operation Post-operation 1st Follow-up 2nd Follow-up

Blood routine tests WBC (3.5-9.5X109/L) 9.77 5.45 / /
RBC (3.8-5.1X1012/L) 3.42 2.29 / /
Hb (115-150 g/L) 111 73 / /
PLT (125-350X109/L) 312 305 / /

Liver function ALT (≤33 U/L) 63 <5 / /
AST (≤32 U/L) 56 11 / /
ALP (35-105 U/L) 208 227 / /

Renal function BUN (2.6-7.5 mmol/L) 6.39 6 / /
Cr (45-84 µmmol/L) 135 136 / /
UA (142.8-339.2 µmol/L) 350 298 / /
eGFR ( >90 mL/min/1.73m2) 38.6 38.3 / /

Glucose and insulin tests FPG (4.11-6.05 mmol/L) 6.02 / / /
FINS (1.8-11.8 µIU/mL) 17.6 / / /

Sex hormone PRG (0.00-0.78 ng/mL) 2.06 / / /
FSH (16.74-113.59 mIU/mL) 82.48 / / /
LH (10.87-58.64 mIU/mL) 51.85 / / /
PRL (2.74-19.64 ng/mL) 25.15 / / /
Estradiol (≤40 pg/mL) 33 / / /
Testosterone (≤0.75 ng/mL) 0.31 / / /
b-HCG (≤8.3 mIU/mL) 0.46 / / /

ACTH and Cortisol 1mg DXM suppression High dose DXM suppression
Before After Before After

ACTH (1.6-13.9 pmol/L) 2.89 2.21 9.85 0.72 6.16 4.37
8a.m. Cortisol (60.2-184 µg/L) 221 131 116.5 22.87 113 154.2
4p.m. Cortisol (26.8-105 µg/L) 287.7 / / / / /
12MN Cortisol (µg/L) 281.4 / / / / /

Renin and
Aldosterone
concentrations

Renin (4.4-46.1 µIU/mL) / 119.4 64.4 /
Aldosterone (0-353 pg/mL) / 153 104 /
ARR / 1.3 1.6 /

Adrenal medullary hormone Metanephrine (≤0.21nmol/L) 0.18 / / /
Normetanephrine (≤0.59 nmol/L) 0.36 / / /

Others GH (0-10 ng/mL) 0.92 / / /
IGF-1 (255±85 ng/mL) 183 / / /
25-hydroxy vitamin D (>30 ng/mL) 7.1 / / /
March 20
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ACTH, adrenocorticotrophic hormone; ALP, alkaline phosphatase; ALT, alanine transaminase; ARR, aldosterone-renin ratio; AST, aspartate transaminase; BUN, urea nitrogen; Cr,
creatinine; DXM, dexamethasone; FPG, fasting plasma glucose; FINS, fasting insulin; FSH, follicular stimulating hormone; GFR, glomerular filtration rate; GH, growth hormone; Hb,
hemoglobin; HCG, human chorionic gonadotropin; IGF-1, Insulin-like growth factor 1; LH, luteinizing hormone; PLT, blood platelet; PRL, prolactin; PRG, progesterone; RBC, red blood cell;
UA, uric acid; WBC, white blood cell; /, not detected.
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FIGURE 1 | (A) MIBI scan of the parathyroid with three focal uptakes. (B) Histopathologic image of tissue parathyroidectomy. (C) Result of sequencing of MEN1
gene of the proband. The red arrow indicates the mutation of c.1378C>T (p.Arg460Ter) in exon 10. (D) The genetic locus of the son of proband. (E) Non-contrast-
enhanced MRI scan of pituitary with a slight decrease of the T1 signal of posterior pituitary. (F) CT scan of adrenal gland showing bilateral nodular enlargement.
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leiomyoma, and transient hypercortisolism, in addition to
multiple parathyroid adenomas.

PHPT most commonly manifests a single benign parathyroid
adenoma (80%). Multiglandular disease is only seen in
approximately 15%-20% of patients (19). One observational
study reported that multiple adenomas or hyperplasia
developed in only 7% of PHPT patients (20). On the contrary,
the probability of two or more abnormal parathyroids are
significantly higher in MEN1-associated PHPT (56%) (20).
Thus, multiple parathyroid adenomas in this PHPT patient
raised our concerns on the diagnosis of MEN1.

The adrenal lesions including cortical adenomas, hyperplasia,
multiple adenomas, nodular hyperplasia, cysts, or carcinomas,
are also commonly seen in MEN1 patients (Table 3), the
percentage of which ranged from 3.4% to 61% (10–17).
However, hormonal hypersecretion is rare and most of the
lesions are nonfunctional (17). Importantly, nonfunctional
adrenal tumors in MEN1 patients may develop into
hypersecretion carcinoma (16). Waldmann J et al. reported
that one in twenty-one MEN1 patients with nonfunctional
adrenal tumor developed cortisol and testosterone-secreting
adrenocortical carcinomas within 9 months (16). The analysis
of 24 published studies covering more than 2500 cases of adrenal
incidentaloma, showed a 0.1% pooled risk of developing
malignancy (21). In the current case, although bilateral adrenal
glands were both enlarged, levels of adrenal hormones including
renin, aldosterone, metanephrine and normetanephrine were
normal. Interestingly, the cortisol level was elevated along with
Frontiers in Endocrinology | www.frontiersin.org 5
impaired circadian rhythm before parathyroidectomy and it
could not be inhibited by 1-mg overnight DST (cutoff value:
serum cortisol >1.8 mg/dL) (5). Howbeit, the increased serum
cortisol rapidly returned to normal range after the operation
(Table 2), indicating a transient hypercortisolism. Possibly, the
activation of adrenal cortical function in this case may be caused
by the chronic condition of PHPT. However, a close follow-up of
adrenal glands is recommended.

Similar to this study, the transient hypercortisolism along with
increased ACTH was also reported on in a patient with PHPT
other than MEN1 (22). In an observational study conducted by
Rajput et al., patients with PHPT also presented loss of circadian
rhythm while their plasma ACTH and morning serum cortisol
were in normal range (23). The structural similarity between 15-25
amino acid of PTH and 1-11 amino acid of ACTH (24) enables
PTH in high concentration to stimulate the cortisol secretion (25).
This assumption is further supported by an in vitro experiment, in
which PTH and PTH-related peptide stimulated the secretion of
cortisol from dispersed human adrenocortical cells, through
adenylate cyclase (AC)/protein kinase A (PKA)- and
phospholipase C (PLC)/protein kinase C (PKC)-dependent
signaling pathways (26). Besides PTH, calcium is also able to
exert an influence on ACTH and cortisol release (27). A human
study by Fuleihan et al. suggested that an calcium infusion may
result in an increase of baseline ACTH levels (28). Based on these
studies, the transient ACTH-independent hypercortisolism in the
current case may be attributed to the increased levels of PTH and
calcium (23). Nevertheless, the fluctuation of cortisol level and
TABLE 3 | Clinical concomitant manifestations of MEN 1.

MEN1-related
lesion

Mean age 1
(years)

Mean age 2
(years)

n/included MEN1
(%)

First manifestation
(%)

Malignancy n
(%)

Functional endocrine gland
n (%)

Reference

PHPT 38.6 ± 14.9 45.1 ± 18 405/436 (93%) 291 (67%) / 405 (100%) (10)
/ / 32/33 (96.9%) / / 32 (100%) (11)
/ / 19/20 (95%) / / / (12)
/ / 41/49 (83.7) / / / (13)
39 / 8/9 (89%) 4 (44.4%) / / (14)

Pituitary tumor 33.4 ± 14.7 38.7 ± 15.7 178/436 (41%) 56 (12.8%) / 142 (80%) (10)
/ / 16/33 (48.5%) / / / (11)
/ / 9/20 (45%) / / 7 (77.8%) (12)
/ / 20/49 (40.8%) / / / (13)

Adrenal lesion 40 ± 4 42 ± 4 15/436 (3.4%) 2 (0.5%) / 2 (14%) (10)
/ / 12/33 (37%) / / / (11)
/ / 7/20 (35%) / / 0 (0%) (12)
45 39.6 18/67 (26%) / 4(22.2%) 8 (44.4%) (15)
42.7 35.8 21/38 (55%) / 1(4.7%) 3 (14.3%) (16)
/ / 30/49 (61%) / / 2 (6.7%) (13)

52.2 35.9 9/16 (56.3%) / / 2 (12.5%) (14)
46.1 ±1.4 / 146/715 (20.4%) 9 (1.2%) 10(13.8%) 11 (15.3%) (17)

Lipoma 45 52 130/436 (30%) 1 (0.25%) / / (10)
/ / 4/20 (20%) / / / (12)

Myoma of uterus 34 48 2/5 (40%) / 0 / (18)
GEP-NET 37.3 ± 14.5 44.6 ± 16.1 230/436 (53%) 81 (18.6%) / 94 (41%) (10)

/ / 24/33 (72.7%) / / / (11)
/ / 20/20 (100%) / / / (12)

Breast cancer 48 ± 8.8 / 44/865 (5.1%) / 44 (100%) / (4)
/ / 1/20 (5%) / 1 (100%) / (12)
March 2022 | Volume 13 | Art
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even the false-positive results of the 1 mg DST may also happen
because of aging, hospitalization, psychiatric and stress (29).
Further investigations in the pathological mechanisms and
related cohort studies are necessary to disclose the root cause of
the transient fluctuation in cortisol level in patients with MEN1.

There are several case reports identifying the hypokalemia in
patients with PHPT (30–32) though the underlying pathogenesis
was not clear. One mechanism assumption is based on renin-
angiotensin-aldosterone system (RAAS) although the
relationship between PTH and RAAS is still under debate. It
has been reported that PTH and calcium can trigger the secretion
of aldosterone in vitro as well as in animal models (26, 33, 34).
On the contrary, a study included patients with PHPT before and
after surgery demonstrated that PTH was weakly correlated with
plasma renin activity but had no correlation with serum
aldosterone (35). More recently, Maniero et al. showed a
highly significant increase in the number of cases of HPT
among patients with confirmed primary hyperparathyroidism
(PA) (36), thus suggesting a bi-directional link between the
adrenocortical zona glomerulosa and the parathyroid gland.
The limitation in the current case is the lack of the
preoperative values of renin and aldosterone. Nevertheless, it
can be speculated that the hypokalemia of this patient may be
related to the increased PTH and calcium levels, since the blood
potassium could gradually return to normal without any
potassium supplementation after parathyroidectomy.

Both in vitro and in vivo preclinical studies suggest that
MEN1 gene is implicated to the occurrence and development
of breast cancer (37, 38). Several case reports (39) and human
observational studies also support the conclusion that female
MEN1 patients suffer increased risk for breast cancer, the
standardized incidence ratio of which is ranged from 1.96 to
2.14 (4). A mammary mass was identified in this case
(Supplementary Figure 2). Although the patient refused
further examinations, cancer surveillance was recommended
due to the potential risk of breast cancer in subjects with
MEN1. In addition, McKeeby et al. reported the potential
relationship between uterine leiomyoma and MEN1. Five of six
uterine leiomyomata in two patients with MEN1 exhibited 11q13
loss of heterozygosity (LOH), indicating that smooth muscle
tumors of uterus in MEN1 patients may develop through the
inactivation of MEN1 gene (18).

According to the clinical practice guideline for MEN1 (3), a
diagnosis of MEN1 may be established based on one of three
criteria, defined from clinical, familial and genetic perspectives.
MEN1 mutational analysis should be taken under the following
situations: 1) an index case with two or more MEN1-related
endocrine tumors; 2) first-degree relatives of an MEN1 mutation
carrier; 3) in patients with suspicions or atypical for MEN1 (3).
The last situation with multiple parathyroid glands involvement
is an indication for MEN1 mutation testing (3), which might be
neglected due to insufficient knowledge of MEN1. In the current
case, although there were no evidence suggesting that the
patient’s first-degree relatives were MEN1 mutation carriers,
MEN1was still highly suspicious because of multiple
parathyroid adenomas. Accordingly, a genetic testing was
Frontiers in Endocrinology | www.frontiersin.org 6
performed and a mutation of c.1378C>T (p.Arg460Ter) in
exon 10 was identified, which has been previously reported in
MEN1 patients (40).

The therapeutic strategy was similar to that of the specific
tumors in non-MEN1 patients. The MEN1 guideline (3)
recommend 3.5 glands SPTX or total parathyroidectomy
(TPTX) for MEN1-related PHPT; however, no clear conclusion
on which option is better, considering the recurrent rate and
hypoparathyroidism (41–43). In addition, one should note that the
treatment effect in MEN1 patients may not be comparable to that
of non-MEN1 patients, because multiple endocrine tumors may
be larger, more aggressive, and poorly respond to the treatment. It
has been reported that MEN1-related PHPT has a higher
recurrence rate compared to PHPT in non-MEN1 patients (40-
60% versus 4-16%) (3). Thus, periodic clinical surveillance is
required, including biochemical test and imaging screening.

Limitation
The patient had hysterectomy a long time ago and we cannot
verify the MEN1 mutation in her fibroid. Additionally,
preoperative renin and aldosterone were not tested
immediately because of the patient’s poor health conditions
and hypokalemia. Lack of these values makes it difficult to
determine the role of RAAS in the pathogenesis of
hypokalemia in the current case. Meanwhile, a lesion in left
breast was identified during her hospitalization, but this patient
refused further examination to evaluate the possibility of
breast cancer.
CONCLUSION

In this case of PHPT, multiple parathyroid adenomas draw our
attentions, which prompted us to test MEN1 gene mutation and
to screen for other neuroendocrine tumors (NETs). The
transient hypercortisolism may present in MEN1-associated
PHPT, and return to normal after parathyroidectomy, along
with decreases in serum calcium and PTH. In addition, MEN1
related tumors may grow at any time and convert from non-
functional tumor to malignancy. Accordingly, follow-up with the
biochemical and imaging screening for endocrine organs should
be performed periodically and closely.
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Denosumab Versus Zoledronic Acid in Bone Disease Treatment of Newly
Diagnosed Multiple Myeloma: An International, Double-Blind, Double-
Dummy, Randomised, Controlled, Phase 3 Study. Lancet Oncol (2018) 19
(3):370–81. doi: 10.1016/s1470-2045(18)30072-x

10. Giusti F, Cianferotti L, Boaretto F, Cetani F, Cioppi F, Colao A, et al. Multiple
Endocrine Neoplasia Syndrome Type 1: Institution, Management, and Data
Analysis of a Nationwide Multicenter Patient Database. Endocrine (2017) 58
(2):349–59. doi: 10.1007/s12020-017-1234-4

11. Skogseid B, Larsson C, Lindgren PG, Kvanta E, Rastad J, Theodorsson E, et al.
Clinical and Genetic Features of Adrenocortical Lesions in Multiple
Endocrine Neoplasia Type 1. J Clin Endocrinol Metab (1992) 75(1):76–81.
doi: 10.1210/jcem.75.1.1352309

12. Barzon L, Pasquali C, Grigoletto C, Pedrazzoli S, Boscaro M, Fallo F. Multiple
Endocrine Neoplasia Type 1 and Adrenal Lesions. J Urol (2001) 166(1):24–7.
doi: 10.1097/00005392-200107000-00006

13. Schaefer S, Shipotko M, Meyer S, Ivan D, Klose KJ, Waldmann J, et al. Natural
Course of Small Adrenal Lesions in Multiple Endocrine Neoplasia Type 1: An
Endoscopic Ultrasound Imaging Study. Eur J Endocrinol (2008) 158(5):699–
704. doi: 10.1530/eje-07-0635
14. Ventura M, Melo M, Carrilho F. Outcome and Long-Term Follow-Up of
Adrenal Lesions in Multiple Endocrine Neoplasia Type 1. Arch Endocrinol
Metab (2019) 63(5):516–23. doi: 10.20945/2359-3997000000170

15. Langer P, Cupisti K, Bartsch DK, Nies C, Goretzki PE, Rothmund M, et al.
Adrenal Involvement in Multiple Endocrine Neoplasia Type 1. World J Surg
(2002) 26(8):891–6. doi: 10.1007/s00268-002-6492-4

16. Waldmann J, Bartsch DK, Kann PH, Fendrich V, Rothmund M, Langer P.
Adrenal Involvement in Multiple Endocrine Neoplasia Type 1: Results of 7
Years Prospective Screening. Langenbecks Arch Surg (2007) 392(4):437–43.
doi: 10.1007/s00423-006-0124-7

17. Gatta-Cherifi B, Chabre O, Murat A, Niccoli P, Cardot-Bauters C, Rohmer V,
et al. Adrenal Involvement in MEN1. Analysis of 715 Cases From the Groupe
D’etude Des Tumeurs Endocrines Database. Eur J Endocrinol (2012) 166
(2):269–79. doi: 10.1530/eje-11-0679

18. McKeeby JL, Li X, Zhuang Z, Vortmeyer AO, Huang S, Pirner M, et al.
Multiple Leiomyomas of the Esophagus, Lung, and Uterus in Multiple
Endocrine Neoplasia Type 1. Am J Pathol (2001) 159(3):1121–7.
doi: 10.1016/s0002-9440(10)61788-9

19. Masi L. Primary Hyperparathyroidism. Parathyroid Disorders. Front Hormone
Res (2019) 51:1–12. doi: 10.1159/000491034

20. Twigt BA, Scholten A, Valk GD, Rinkes IHB, Vriens MR. Differences Between
Sporadic and MEN Relatedprimary Hyperparathyroidism; Clinical
Expression, Preoperative Workup, Operative Strategy and Follow-Up.
Orphanet J Rare Dis (2013) 8:50. doi: 10.1186/1750-1172-8-50

21. Cambos S, Tabarin A. Management of Adrenal Incidentalomas: Working
Through Uncertainty. Best Pract Res Clin Endocrinol Metab (2020) 34
(3):101427. doi: 10.1016/j.beem.2020.101427

22. Sabbadin C, Dona G, Bordin L, Iacobone M, Camozzi V, Mian C, et al. Transient
Hypercortisolism and Symptomatic Hyperthyroidism Associated to Primary
Hyperparathyroidism in an Elderly Patient: Case Report and Literature Review.
BMC Endocr Disord (2015) 15:4. doi: 10.1186/1472-6823-15-4

23. Rajput R, Bhansali A, Bhadada SK, Behera A, Mittal BR, Sialy R, et al. A Pilot
Study on Hypothalamo-Pituitary-Adrenocortical Axis in Primary
Hyperparathyroidism. Indian J Med Res (2009) 130(4):418–22.

24. Habener J, Rosenblatt M, Potts JJ. Parathyroid Hormone: Biochemical Aspects
of Biosynthesis, Secretion, Action, and Metabolism. Physiol Rev (1984) 64
(3):985–1053. doi: 10.1152/physrev.1984.64.3.985

25. Rosenberg J, Pines M, Hurwitz S. Response of Adrenal Cells to Parathyroid
Hormone Stimulation. J Endocrinol (1987) 112(3):431–7. doi: 10.1677/
joe.0.1120431

26. Mazzocchi G, Aragona F, Malendowicz LK, Nussdorfer GG. PTH and PTH-
Related Peptide Enhance Steroid Secretion From Human Adrenocortical
Cells. Am J Physiol Endocrinol Metab (2001) 280(2):E209–13. doi: 10.1152/
ajpendo.2001.280.2.E209

27. Williams GA, Peterson WC, Bowser EN, Henderson WJ, Hargis GK, Martinez NJ.
Interrelationship of Parathyroid andAdrenocortical Function in CalciumHomeostasis
in the Rat. Endocrinology (1974) 95(3):707–12. doi: 10.1210/endo-95-3-707

28. Fuleihan GE, Brown EM, Gleason R, Scott J, Adler GK. Calcium Modulation
of Adrenocorticotropin Levels in Women–A Clinical Research Center Study.
J Clin Endocrinol Metab (1996) 81(3):932–6. doi: 10.1210/jcem.81.3.8772553
March 2022 | Volume 13 | Article 802453

https://www.frontiersin.org/articles/10.3389/fendo.2022.802453/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.802453/full#supplementary-material
https://doi.org/10.1111/j.1365-2796.2004.01419.x
https://doi.org/10.1016/j.mce.2013.08.002
https://doi.org/10.1016/j.mce.2013.08.002
https://doi.org/10.1210/jc.2012-1230
https://doi.org/10.1210/jc.2012-1230
https://doi.org/10.1056/NEJMc1406028
https://doi.org/10.1210/jc.2008-0125
https://doi.org/10.1530/EC-16-0055
https://doi.org/10.1001/jamasurg.2016.2310
https://doi.org/10.1210/jc.2003-030510
https://doi.org/10.1016/s1470-2045(18)30072-x
https://doi.org/10.1007/s12020-017-1234-4
https://doi.org/10.1210/jcem.75.1.1352309
https://doi.org/10.1097/00005392-200107000-00006
https://doi.org/10.1530/eje-07-0635
https://doi.org/10.20945/2359-3997000000170
https://doi.org/10.1007/s00268-002-6492-4
https://doi.org/10.1007/s00423-006-0124-7
https://doi.org/10.1530/eje-11-0679
https://doi.org/10.1016/s0002-9440(10)61788-9
https://doi.org/10.1159/000491034
https://doi.org/10.1186/1750-1172-8-50
https://doi.org/10.1016/j.beem.2020.101427
https://doi.org/10.1186/1472-6823-15-4
https://doi.org/10.1152/physrev.1984.64.3.985
https://doi.org/10.1677/joe.0.1120431
https://doi.org/10.1677/joe.0.1120431
https://doi.org/10.1152/ajpendo.2001.280.2.E209
https://doi.org/10.1152/ajpendo.2001.280.2.E209
https://doi.org/10.1210/endo-95-3-707
https://doi.org/10.1210/jcem.81.3.8772553
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Chen et al. MEN1 With Multiple Abnormalities
29. Aguilera G. HPA Axis Responsiveness to Stress: Implications for Healthy
Aging. Exp Gerontol (2011) 46(2-3):90–5. doi: 10.1016/j.exger.2010.08.023

30. Petramala L, Savoriti C, Zinnamosca L, Marinelli C, Settevendemmie A,
Calvieri C, et al. Primary Aldosteronism With Concurrent Primary
Hyperparathyroidism in a Patient With Arrhythmic Disorders. Intern Med
(2013) 52(18):2071–5. doi: 10.2169/internalmedicine.52.8794

31. Muzurovic E, Medenica S, Kalez ic M, Pavlov ic S . Pr imary
Hyperparathyroidism Associated With Acquired Long QT Interval and
Ventricular Tachycardia. Endocrinol Diabetes Metab Case Rep (2021)
2021:21–0016. doi: 10.1530/EDM-21-0016

32. Balwani MR, Pasari A, Meshram A, Jawahirani A, Tolani P, Laharwani H,
et al. An Initial Evaluation of Hypokalemia Turned Out Distal Renal Tubular
Acidosis Secondary to Parathyroid Adenoma. Saudi J Kidney Dis Transpl
(2018) 29(5):1216–9. doi: 10.4103/1319-2442.243965

33. Grant FD, Mandel SJ, Brown EM, Williams GH, Seely EW. Interrelationships
Between the Renin-Angiotensin-Aldosterone and Calcium Homeostatic
Systems. J Clin Endocrinol Metab (1992) 75(4):988–92. doi: 10.1210/
jcem.75.4.1400892

34. Ganguly A, Weinberger MH, Passmore JM, Caras JA, Khairi RM, Grim CE,
et al. The Renin-Angiotensin-Aldosterone System and Hypertension in
Primary Hyperparathyroidism. Metabolism (1982) 31(6):595–600.
doi: 10.1016/0026-0495(82)90098-1

35. Bernini G, Moretti A, Lonzi S, Bendinelli C, Miccoli P, Salvetti A. Renin-
Angiotensin-Aldosterone System in Primary Hyperparathyroidism Before
and After Surgery. Metabolism (1999) 48(3):298–300. doi: 10.1016/s0026-
0495(99)90075-6

36. Maniero C, Fassina A, Seccia TM, Toniato A, Iacobone M, Plebani M, et al.
Mild Hyperparathyroidism: A Novel Surgically Correctable Feature of
Primary Aldosteronism. J Hypertens (2012) 30(2):390–5. doi: 10.1097/
HJH.0b013e32834f0451

37. Imachi H, Murao K, Dobashi H, Bhuyan MM, Cao X, Kontani K, et al. Menin,
a Product of the MENI Gene, Binds to Estrogen Receptor to Enhance its
Activity in Breast Cancer Cells: Possibility of a Novel Predictive Factor for
Tamoxifen Resistance. Breast Cancer Res Treat (2010) 122(2):395–407.
doi: 10.1007/s10549-009-0581-0

38. Seigne C, Auret M, Treilleux I, Bonnavion R, Assade F, Carreira C, et al. High
Incidence of Mammary Intraepithelial Neoplasia Development in Men1-
Disrupted Murine Mammary Glands. J Pathol (2013) 229(4):546–58.
doi: 10.1002/path.4146
Frontiers in Endocrinology | www.frontiersin.org 8
39. Honda M, Tsukada T, Horiuchi T, Tanaka R, Yamaguchi K, Obara T, et al.
Primary Hyperparathyroidism Associatiated With Aldosterone-Producing
Adrenocortical Adenoma and Breast Cancer: Relation to MEN1 Gene.
Intern Med (2004) 43(4):310–4. doi: 10.2169/internalmedicine.43.310

40. Agarwal SK, Kester MB, Debelenko LV, Heppner C, Emmert-Buck MR,
Skarulis MC, et al. Germline Mutations of the MEN1 Gene in Familial
Multiple Endocrine Neoplasia Type 1 and Related States. Hum Mol Genet
(1997) 6(7):1169–75. doi: 10.1093/hmg/6.7.1169

41. Hellman P, Skogseid B, Oberg K, Juhlin C, Akerstrom G, Rastad J. Primary
and Reoperative Parathyroid Operations in Hyperparathyroidism of Multiple
Endocrine Neoplasia Type 1. Surgery (1998) 124(6):993–9. doi: 10.1016/
S0039-6060(98)70040-6

42. Lairmore TC, Govednik CM, Quinn CE, Sigmond BR, Lee CY. Jupiter DC. A
Randomized, Prospect ive Tr ia l of Operat ive Treatments for
Hyperparathyroidism in Patients With Multiple Endocrine Neoplasia Type
1. Surgery (2014) 156(6):1326–34; discussion 34-5. doi: 10.1016/
j.surg.2014.08.006

43. Fyrsten E, Norlen O, Hessman O, Stalberg P, Hellman P. Long-Term
Surveillance of Treated Hyperparathyroidism for Multiple Endocrine
Neoplasia Type 1: Recurrence or Hypoparathyroidism? World J Surg (2016)
40(3):615–21. doi: 10.1007/s00268-015-3297-9
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Chen, Xu, Yue, Yu and Shao. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
March 2022 | Volume 13 | Article 802453

https://doi.org/10.1016/j.exger.2010.08.023
https://doi.org/10.2169/internalmedicine.52.8794
https://doi.org/10.1530/EDM-21-0016
https://doi.org/10.4103/1319-2442.243965
https://doi.org/10.1210/jcem.75.4.1400892
https://doi.org/10.1210/jcem.75.4.1400892
https://doi.org/10.1016/0026-0495(82)90098-1
https://doi.org/10.1016/s0026-0495(99)90075-6
https://doi.org/10.1016/s0026-0495(99)90075-6
https://doi.org/10.1097/HJH.0b013e32834f0451
https://doi.org/10.1097/HJH.0b013e32834f0451
https://doi.org/10.1007/s10549-009-0581-0
https://doi.org/10.1002/path.4146
https://doi.org/10.2169/internalmedicine.43.310
https://doi.org/10.1093/hmg/6.7.1169
https://doi.org/10.1016/S0039-6060(98)70040-6
https://doi.org/10.1016/S0039-6060(98)70040-6
https://doi.org/10.1016/j.surg.2014.08.006
https://doi.org/10.1016/j.surg.2014.08.006
https://doi.org/10.1007/s00268-015-3297-9
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	A MEN1 Patient Presenting With Multiple Parathyroid Adenomas and Transient Hypercortisolism: A Case Report and Literature Review
	Introduction
	Case Description
	Discussion
	Limitation

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


