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Background: Thyroid hormone (TH) plays essential roles 
in the development of the cerebellum by regulating tran-
scription of target genes. TH binds to TH receptor (TR) 
located in the cell nucleus and stimulates transcription 
through TH response element (TRE). The expression 
of many genes is temporary and spatially regulated by 
TH during cerebellar development. However, the mode 
of transcription by TR may vary among target genes. 
In the liver, different duration of TH exposure resulted 
in distinct gene expression profiles. To examine the 
mechanisms of transcriptional regulation by TH in cer-
ebellar development, gene expression profile induced by 
various TH exposure duration was studied. Methods: 
Anti-thyroid drug propylthiouracil (250 ppm in drinking 
water) was administered to C57BL/6J mice from the ges-
tational day 14 to postnatal day (P) 7 to generate peri-
natal hypothyroid mice. To study the effect of continuous 
TH exposure, TH was subcutaneously administered to 
hypothyroid pups from P2 to P7 (6 days group). To study 
the effect of single TH administration, TH was injected 
on P7 and mice were sacrificed either 6 (6 hours group) 
or 24 hours (24 hours group) after injection. Cerebellar 
samples were collected to extract RNA and subject to mi-
croarray analysis. Microarray results were confirmed by 
RT-qPCR. Results: In microarray result, compared with 
mRNA levels of hypothyroid mice, 6 days group induced 
upregulation in 1007 genes and downregulation in 1009 
genes, 6 hours group induced upregulation in 355 genes 
and downregulation in 977 genes, and 24 hours group 
induced upregulation in 365 genes and downregulation 
in 1121 genes. Only 7.6% of the genes were overlapped in 
three groups among positively regulated genes. In con-
trast, 57.2% of the genes were common in the negatively 
regulated genes. In RT-qPCR result, among genes known 
to harbor TRE, Hairless, Pcp2, and Nrgn, showed differ-
ential upregulation patterns. Hairless was upregulated in 
all groups, whereas Pcp2 was upregulated only in 5 days 
group and Nrgn was not upregulated in all groups. These 
results suggest that different mode of transcriptional reg-
ulation occurred in an exposure time-dependent manner 
of TH. Conclusion: We identified gene groups whose ex-
pression were modified by TH during cerebellar develop-
ment. TH distinctively regulates transcription of target 
genes depending on the exposure schedule in mouse de-
veloping cerebellum.
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Prader-Willi syndrome (PWS) is a rare, complex neuro-
developmental genetic disorder characterized by 
hyperphagia and abnormal food-related behaviors that 
contribute to severe morbidity and early mortality and to 
significant burden on patients and caregivers. While a ma-
jority of people with PWS is obese, hyperphagia is observed 
in both obese and non-obese people with PWS. There is 
currently no approved treatment for hyperphagia in PWS. 
People with PWS have increased circulating levels of the 
orexigenic hormone acylated ghrelin (AG) with a rela-
tive deficit of unacylated ghrelin (UAG), a hormone which 
counteracts many of AG’s effects. Livoletide (AZP-531) 
is a first-in-class UAG analogue previously shown to im-
prove hyperphagia, food-related behaviors, and metabolic 
parameters, and to be well-tolerated in a Phase 2a trial in 
PWS. [Allas S et al. (2018) PLoS ONE 13(1): e0190849] Here 
we present additional analyses that examine the effects of 
livoletide in obese vs non-obese people with hyperphagia 
in PWS.
Methods: The Phase 2a trial was a randomized, dou-
ble-blind, placebo-controlled study which included 47 
people with PWS. Participants received a daily subcuta-
neous injection of livoletide (n=23) or placebo (n=24) during 
a 2-week treatment period. The study population was di-
vided based on the body mass index (BMI) into obese (BMI 
≥ 30 kg/m2) and non-obese (BMI < 30 kg/m2) groups. The ef-
fect of livoletide on hyperphagia and food-related behaviors 
was assessed by the change from baseline in the 9-item 
Hyperphagia Questionnaire (HQ).
Results: There was a total of 34 obese and 13 non-obese 
subjects in the study. As expected, baseline BMI, body 
weight (BW) and waist circumference (WC) were signifi-
cantly higher in obese vs. non-obese PWS subjects (BMI: 
42.6  ± 6.0 vs 26.1  ± 2.8, BW: 103.5  ± 23.0 vs 68.5  ± 9.1 
and WC: 118.3 ± 15.5 vs 91.8 ± 7.7, respectively, p<0.0001). 
There was no significant difference with respect to the 
ratios of males to females or of deletion to non-deletion be-
tween the 2 populations. Hyperphagia scores were similar 
at baseline for obese and non-obese participants (HQ score 
adjusted for 0 to 36 scale to reflect 9-item HQ-CT: 12.8 ± 
7.0 vs 14.0 ± 7.8, p=0.6083, respectively). Fasting AG and 
UAG levels were lower in the obese vs. non-obese groups 
(AG: 93.6 ± 72.6 vs 122.1 ± 54.4, p=0.0275, UAG: 123.9 ± 
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87.2 vs 154.1  ± 62.6, p=0.0219, respectively). Livoletide-
treated participants experienced similar improvements in 
hyperphagia and food-related behaviors as measured by 
the HQ whether they were obese or non-obese.
Conclusions: These results highlight the potential of 
livoletide for treating hyperphagia in both obese and non-
obese people with PWS and hyperphagia. Livoletide is 
being investigated further in the ZEPHYR Phase 2b/3 trial, 
an ongoing pivotal study on the long-term safety and effi-
cacy of livoletide in the treatment of hyperphagia and food-
related behaviors in people with PWS.
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Celiac disease (CD) is an immune-mediated enteropathy 
caused by a reaction to gliadin which responds to a restric-
tion to dietary gluten. It has been traditionally recognized 
in children and young adults, although, recently, detection 
in the elderly population has increased. CD occurs in 2–5% 
of patients with autoimmune hypothyroidism, and is more 
prevalent in this group than in the general population
An 82-year-old Caucasian woman with primary hypothy-
roidism and a BMI of 16 is referred to our endocrinology 
clinic for help with the management of hypothyroidism. 
She had a history of well controlled hypothyroidism on 
weight-dosed levothyroxine for many years until several 
months prior when she developed sudden onset of diar-
rhea and weight loss. Since then, her thyroid function tests 
showed an elevated TSH despite medication adherence. Her 
levothyroxine dose was steadily increased to 300 mcg daily 
and yet, her TSH still remained elevated. Laboratory work 
up was done which revealed elevated transglutaminase 
antibodies, suggesting the diagnosis of CD. The patient 
refused an endoscopy for a tissue diagnosis. Even though 
the patient has been diagnosed with CD, she has trouble 
following a gluten free diet and still has intermittent diar-
rhea and high levothyroxine requirements.
Although lack of medication adherence is common, it is 
important to exclude gastric or intestinal causes of mal-
absorption in patients with high thyroid replacement 
requirements. Elderly patients often have paucity of 
symptoms, so high clinical suspicion is necessary to diag-
nose these patients.
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A Challenging Diagnosis of Thyrotoxic Periodic Paralysis
Thyrotoxic Periodic Paralysis (TPP) is a rare but poten-
tially lethal manifestation of hyperthyroidism which is 
characterized by muscular weakness due to intracellular 
shift of potassium and subsequent hypokalemia. The mus-
cular weakness may range from mild weakness to com-
plete flaccid paralysis. It is predominantly seen in Asian 
young men. Graves’ disease has been described as the most 
common cause of TPP. Other rare causes of hypokalemic 
periodic paralysis include inherited disorders and acquired 
cases due to drug abuse, specifically cocaine. It is important 
to recognize and diagnose TPP to provide appropriate treat-
ment and prevent serious cardiopulmonary complications.
A 26 year old Hispanic male with past medical history of 
cocaine abuse presented to the emergency department with 
profound lower extremity weakness since that morning. 
Laboratory studies on initial evaluation revealed hypoka-
lemia. He was admitted to the intensive care unit (ICU) for 
IV potassium replacement and cardiac monitoring. Upon 
obtaining further history, the patient had suffered a similar 
episode of weakness and hypokalemia two months prior. At 
the time, he had a positive urine toxicology for cocaine. He 
was treated with IV potassium with resolution of his weak-
ness and was told the reason for the episode was cocaine 
induced periodic paralysis. No further work up was done 
due to patient leaving Against Medical Advice. The patient 
stopped recreational drug abuse after this diagnosis.
During current hospitalization, further laboratory studies 
revealed hyperthyroidism. TSI and TPO antibodies were 
elevated and thus patient was diagnosed with Graves’ di-
sease. On questioning, patient was asymptomatic and 
clinically euthyroid. He was treated with IV potassium, 
methimazole and propranolol with quick resolution of 
weakness. He has been followed in an out-patient basis and 
he has had no further exacerbations.
In this case, we present a case of TPP that was initially 
diagnosed as cocaine induced periodic paralysis which is 
an extremely rare disorder with only a couple of described 
cases in the literature. Diagnosis was initially missed as the 
patient was clinically euthyroid and had history of recrea-
tional drug abuse. Restoration of euthyroidism eliminates 
attacks of TPP. It is important to recognize and diagnose 
these patient to prevent further attacks.
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Kisspeptin (encoded by the Kiss-1 gene) in the ar-
cuate nucleus (ARC) of the hypothalamus governs the 
hypothalamic-pituitary-gonadal (HPG) axis by regulating 
pulsatile release of gonadotropin-releasing hormone 
(GnRH). Meanwhile, kisspeptin in the anteroventral 


