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Abstract

A patient diagnosed with metastatic melanoma developed the paraneoplastic syndrome of humoral
hypercalcemia of malignancy and cachexia after receiving ipilumumab. The cause of the
hypercalcemia was thought to be secondary to parathyroid hormone related peptide (PTHrP) as
plasma levels were found to be elevated. The patient underwent two tumor biopsies: at diagnosis
(when calcium levels were normal) and upon development of hypercalcemia and cachexia. PTHrP
expression was higher in melanoma cells when hypercalcemia had occurred than prior to its onset.
Metabolic characterization of melanoma cells revealed that, with development of hypercalcemia,
there was high expression of monocarboxylate transporter 1 (MCT1) which is the main importer
of lactate and ketone bodies into cells. MCT1 is associated with high mitochondrial metabolism.
Beta-galactosidase (B-GAL), a marker of senescence had reduced expression in melanoma cells
upon development of hypercalcemia compared to pre-hypercalcemia.

In conclusion, PTHrP expression in melanoma is associated with cachexia, increased cancer cell
lactate and ketone body import, high mitochondrial metabolism and reduced senescence. Further
studies are required to determine if PTHrP regulates cachexia, lactate and ketone body import,
mitochondrial metabolism and senescence in cancer cells.

Keywords
Hypercalcemia; melanoma; lactate; ketone bodies; oxidative phosphorylation; senescence

:corresponding author: ubaldo.martinezoutschoorn@jefferson.edu.

Co-first authors
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mills et al. Page 2

Case Report

A 49-year-old female initially presented with multiple tender subcutaneous masses. Biopsies
of subcutaneous masses on her back revealed metastatic melanoma from an unknown
primary site. Her calcium level at diagnosis was 8.7mg/dL (normal value: 8.5-10.5 mg/dL).
Fluoro 2-Deoxy-Glucose (FDG) PET/CT revealed multiple hypermetabolic subcutaneous
and intramuscular nodules as well as lymph node enlargement in the supraclavicular,
axillary, inguinal and iliac regions. The highest standardized uptake value (SUV) was 15.8
in the right gluteal region. A hypermetabolic focus was noted in the musculature of the right
calf with an SUV of 15.07. The patient was treated with ipilimumab, and three months after
starting treatment she had a partial response with reduced activity of the right gluteal nodule
with an SUV of 6.49 and reduced activity in the right calf with an SUV of 4.35. She had
resolution of several subcutaneous masses and the right supraclavicular lymphadenopathy.
There was also reduced activity of the right axillary lymphadenopathy.

Four months after starting treatment, the patient developed left leg pain, swelling and
erythema. The subcutaneous nodules had progressed on examination and on imaging
studies. A biopsy of a subcutaneous nodule ultimately confirmed melanoma and recurrent
progressive disease. At the time of disease progression she also developed cachexia and had
an elevated calcium level of 14 mg/dL (see table 1 for details on laboratory measurements).
A bone scan was unremarkable. A PTHrP serum level was elevated at 273 pcg/mL (normal
range: 14-17 pcg/mL). The patient was aggressively hydrated and she received zoledronic
acid with normalization of calcium levels. However, her calcium level once again became
elevated and she was refractory to treatment with zoledronic acid, denosumab and
calcitonin. She received palliative radiation therapy to several subcutaneous nodules.
However, her cancer continued to progress and she died shortly thereafter.

Materials and Methods

The study was approved by the Institutional Review Board at Thomas Jefferson University.
Pathological analyses were performed on skin, esophagus, non-small cell lung cancer
(NSCLC) and diffuse large B cell lymphoma (DLBCL) samples. The samples had been
fixed in 10% neutral buffered formalin and embedded in paraffin for hematoxylin and eosin
(H&E) and immunohistochemistry (IHC) staining. The streptavidin—horse radish peroxidase
method was used for IHC staining as previously described?. Primary antibodies used were
PTHrP(Santa Cruz, sc-20728), and beta galactosidase (Abcam, Cambridge, MA, ab96239).
MCT1 antibody was kindly provided by Dr Nancy Philp and has been extensively
characterized?.

Metabolic characterization of melanoma

Two tumor biopsies were performed to assess this patient's melanoma. The first biopsy
allowed for the diagnosis of metastatic melanoma to be made. This biopsy was conducted
when calcium levels in the plasma were normal. The second biopsy was performed when the
patient had developed hypercalcemia. These two samples were stained by
immunohistochemistry for PTHrP at the same time. There was high PTHrP expression in
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melanoma cells only when hypercalcemia had occurred (Figure 1). This indicates a temporal
relationship between the production of PTHrP by the melanoma cells and the development
of hypercalcemia.

As a positive control for the staining of PTHrP, an esophageal tissue sample was chosen, as
PTHTrP is know to be present in esophageal squamous epithelial cells?. Staining was positive
for PTHrP in the nuclei of the esophageal surface squamous epithelium as expected (Figure
1). PTHrP staining was negative in samples of diffuse B cell lymphoma and squamous cell
carcinoma of the lung, which are known to lack expression of PTHrP (Figure 1). The
staining patterns of the positive control (esophageal epithelium) and negative controls
(squamous cell lung cancer and diffuse large B cell lymphoma) confirm the specificity of
the PTHrP antibody staining in the melanoma sample when the patient had developed
hypercalcemia (Figure 1).

At the same time that PTHrP expression in melanoma cells increased there was increased
expression of monocarboxylate transporter 1 (MCT1) (Figure 2). The monocarboxylates
lactate and ketone bodies are mainly imported into cancer cells by MCT1 and it is a marker
of mitochondrial oxidative phosphorylation and beta oxidation which convert acetyl-CoA or
free fatty acids to carbon dioxide, water and ATP respectively. The expression of the
senescence marker beta-galactosidase (B-GAL) was reduced with development of
hypercalcemia and elevated PTHrP expression (Figure 2). In sum, hypercalcemia and
elevated PTHrP levels were associated with increased lactate and ketone body uptake,
increased mitochondrial metabolism and reduced senescence in human melanoma.

Discussion

MCT1 expression is upregulated in cancer cells when PTHrP expression increases. MCT1 is
the main importer of lactate and ketone bodies into cancer cells®. Lactate and ketone bodies
are catabolites that fuel cancer cell growth in a similar fashion to glucose and glutamine®.
The tumor also had high uptake of deoxyglucose as measured by FDG-PET uptake.
However, FDG-PET does not provide information as to the allocation of glucose carbon into
any particular downstream pathway such as mitochondrial metabolism®. MCT1 is also a
marker of mitochondrial metabolism via oxidative phosphorylation and beta oxidation since
lactate and ketone bodies are utilized to generate ATP 36, Hence, PTHrP upregulation is
associated with ketone body and lactate utilization in tumors. Future work will need to
determine if PTHrP regulates MCT1 expression.

B-GAL is a marker of senescence and this patient's cancer cells had reduced expression of -
GAL when PTHrP was upregulated. Senescence represents a potent tumor suppressor
mechanism’. It is induced by nutrient starvation, shortening of telomeres or alterations in
oncogenes and tumor suppressors. Nutrient starvation leads to cellular self-digestion or
autophagy and ultimately can cause senescence®. Upregulation of MCT1 in this patient's
cancer cells may have induced tumor progression by increasing their metabolic efficiency,
which reduced nutrient starvation and thus senescence. As the cancer cells imported more
catabolites, nutrient starvation was reduced in the malignant cells but the patient became
cachectic. This highlights the parasitic relationship between cancer cells and the host

Semin Oncol. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mills et al.

Page 4

whereby the host becomes nutrient deplete when cancer cells have enhanced nutrient
uptake®. Modulation of B-GAL and MCT1 may be novel mechanisms by which PTHrP
induces cachexia. The effects of PTHrP and MCT1 on telomere shortening and the balance
between other oncogenes and tumor suppressors will need to be investigated further. The
reason why hypercalcemia is associated with high mortality in cancer is poorly understood
but altered metabolism and senescence may be contributing factors.

A paraneoplastic syndrome is defined as a sign or symptom due to cancer but not
attributable to direct tumor invasion or compression!l. Approximately 10% of patients with
cancer have a paraneoplastic syndromel. Hypercalcemia is one of the most common
paraneoplastic syndromes and most cases of hypercalcemia in cancer are due to a
paraneoplastic syndromel2. Reported incidence of hypercalcemia in patients with metastatic
melanoma ranges from 1.1 to 4.9%%3. The mortality of hypercalcemia in cancer is extremely
high with approximately 50% mortality at 30 days4. Our patient died shortly after
developing hypercalcemia, consistent with epidemiologic observations.

The most common cause of hypercalcemia in cancer is secretion of parathyroid hormone
(PTH)-related protein (PTHrP) by tumor cells—known as humoral hypercalcemia of
malignancy, which accounts for 70% of cases. Osteolytic activity at sites of skeletal
metastases accounts for another 20% of cases and much less commonly hypercalcemia may
result from tumor secretion of vitamin D or from ectopic tumor secretion of PTH15-17,
Hypercalcemia of malignancy can be caused by other cytokines that stimulate bone
resorption such as interleukin-6 (IL-6), IL1, prostaglandins, tumor necrosis factor alpha
(TNF-a) and transforming growth factors alpha and betal®. Cancer cells create a cycle by
which the PTHrP they generate stimulates osteoclastic resorption with subsequent release of
bone-derived growth factors such as TGF-$ and IL-6 which further stimulates tumor growth
and PTHrP expression by tumor cells1®. Other causes of hypercalcemia include
hyperthyroidism, adrenal insufficiency and medication effects such as the use of calcium
supplements, calcium antacids, vitamin D supplements, vitamin A intoxication,
hydrochlorothiazide and lithium?2% 21, Our patient had hypercalcemia of malignancy due to a
paraneoplastic syndrome mediated by PTHrP. Alternative causes of hypercalcemia were
evaluated and ruled out in our patient (Table 1).

Several case reports have described the presence of both hypercalcemia and malignant
melanoma, although none have examined the interactions between metabolism and calcium
homeostasis. Matsui et al. found the first instance of increased serum level of PTHrP in
malignant melanoma22. Yeung et al. showed in a patient with hypercalcemia and melanoma
that the cancer cells expressed PTHrP23, El Abdaimi et al. demonstrated in vitro a stepwise
increase in PTHrP expression when cells progressed from normal to malignant
melanocytes?4. However, Kageshita et al. showed that there was high expression of PTHrP
in both non-transformed and transformed melanocytic cells?®. Hence, the relationship
between PTHrP and melanoma aggressiveness is poorly understood.

PTHrP was discovered in the late 1980s as a protein that shared homology with intact PTH
and that like PTH increases plasma calcium levels28. The Parathyroid Hormone-Like
Hormone (PTHLH) gene, which is located on the short arm of chromosome 12 encodes
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PTHTrP. Alternative splicing generates three separate isoforms of PTHrP of 139, 141, or 173
amino acids but the biological differences between the isoforms are unclear. PTHLH and
PTH genes are closely related since the exon/intron organization of both genes encoding the
pre-pro sequences and the initial portion of the mature peptides are identical. Furthermore,
the amino-termini of secreted PTH and PTHrP are highly homologous, such that the
peptides share eight of the first 13 amino acids and a similar secondary structure over the
next 21 amino acids?’. PTHrP is thought to have arisen after gene duplication of PTH, after
which both gene products developed independently as two molecules with different
structural complexities and mechanisms of control2®.

Osteoblast, osteoclast and chondrocyte differentiation are regulated by PTHrP and it is
responsible for normal endochondral bone formation2828, PTHrP is highly expressed in the
placenta and the breast during lactation to transfer calcium to the fetus or child??: 29,
Development of the brain, hematopoiesis, vascular smooth muscle, skin, hair follicles and
teeth is also regulated by PTHrP and it is highly expressed in Purkinje cells in the
cerebellum and esophageal epithelium 392731 | oss of PTHrP nuclear expression is
associated with senescence of neurons and hematopoietic cells3l. However, the current
description of cancer cells with reduced senescence upon PTHrP upregulation is the first
report to our knowledge that it is associated with senescence in cancer cells.

PTHrP induces cachexia32-34. Adipose tissue browning is one of the mechanisms by which
PTHrP induces cachexia3®. Brown adipose tissue is metabolically inefficient since it
catabolizes fatty acids and glucose at high rates to generate heat with little ATP
production3®. Browning of adipose tissue leads to cachexia because it induces depletion of
white adipose tissue with catabolite release such as release of fatty acids3¢. PTHrP induces
depletion of white adipose tissue3l. MCT1 upregulation with increased catabolite uptake by
cancer cells may also contribute to cancer cachexia when PTHrP expression increases and
will need to be investigated further.

This patient had received ipilimumab prior to developing hypercalcemia. Ipilimumab is an
immune checkpoint inhibitor that has demonstrated efficacy in the treatment of metastatic
melanoma in a number of early and late phase trials3”- 38: 39, Ipilimumab's mechanism of
action involves the blocking of the immune checkpoint, CTLA-4, which in turn allows for
enhanced T-cell activation and proliferation. This unleashing of the T-cell immune response
can result in a potent anti-tumor response. Coupled with the desired anti-tumor response is
the possibility of serious autoimmune consequences. Clinical trials investigating ipilimumab
have showed the incidence of grade >3 immune related adverse event (irAE) to be anywhere
from 10-50%. While the most common irAEs are noted to be dermatitis/pruritus and
diarrhea/colitis, immune related endocrinopathies are not infrequent 38 39,40 Though there
are numerous reports of likely drug related hypothyroidism, thyroiditis, hypophysitis,
hypopituitarism, and adrenal insufficiency, hypercalcemia as a suspected irAE has rarely
been mentioned. In a retrospective review of endocrine related adverse events following
ipilimumab published by Ryder et al., they document two cases of incidentally detected
hypercalcemia®C. One patient had spontaneous resolution of the electrolyte abnormality and
the other responded to one dose of bisphosphonate. They were unable to demonstrate a
possible mechanism for this finding. In the patient presented here it is important to highlight
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that the onset of hypercalcemia occurred in the expected time frame for irAE from
ipilimumab. However, the elevation in calcium coincided with the development of cachexia

an

d disease progression. Future studies will need to characterize in detail if autoimmunity

induces hypercalcemia in melanoma patients treated with immune checkpoint inhibitors and
if autoimmunity induces cachexia and altered tumor metabolism.

In

conclusion, we describe a patient who developed cachexia with hypercalcemia due to

PTHrP expression with increased lactate and ketone body uptake and reduced senescence in

ca

ncer cells. Future studies are required to determine if PTHrP regulates metabolism of

lactate and ketone bodies and senescence.
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Figure 1. Hematoxylin and eosin (H&E) and Parathyroid hormone related peptide (PTHrP)
stainin

H&E agnd PTHTrP staining by immunohistochemistry were performed on melanoma samples
from a patient who developed hypercalcemia. The first biopsy was obtained prior to
developing hypercalcemia while as the second biopsy was obtained after developing
hypercalcemia. Esophageal epithelia, non-small cell lung cancer (NSCLC) and diffuse large
B cell lymphoma samples were stained for PTHrP as a positive control (esophageal
epithelia) and negative controls (NSCLC and DLBCL). Note that high nuclear and
cytoplasmic expression of PTHrP is found in the melanoma sample after development of
hypercalcemia and in esophageal epithelia. NSCLC and DLBCL lack PTHrP expression.
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Figure 2. PTHrP, MCT1 and B-GAL staining
PTHrP, MCT1 and B-GAL staining by immunohistochemistry of melanoma samples from a

patient who developed hypercalcemia. The first biopsy was obtained prior to developing
hypercalcemia while as the second biopsy was obtained after developing hypercalcemia.
Note that MCT1 expression is upregulated while as B-GAL staining is downregulated when
PTHrP expression increases in the second melanoma biopsy compared to the first biopsy,
which was performed prior to development of hypercalcemia.

Semin Oncol. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Mills et al.

Table 1

Laboratory values at diagnosis and with development of hypercalcemia.

Laboratory Parameter

15t time-point (Diagnosis)

2nd time-point (Hypercalcemia)

Calcium [8.5-10.5 mg/dL] 8.7mg/dL 14 mg/dL
Albumin [3.2-4.9 mg/dL] 4mg/dL 3.7 mg/dL
PTHrP [14-17 pg/mL] Not measured 273 pg/mL
Intact PTH [11-67 pg/mL] Not measured 3 pg/mL
Vit D-250H total [ng/mL] Not measured 24.8 ng/mL
Vit D-1,250H, total [18-72 ng/mL] Not measured 27 ng/mL
Vit D3-1,250H, total [18-72 ng/mL] Not measured 27 ng/mL
Vit D,-1,250H total [18-72 ng/mL] Not measured <8 ng/mL
TSH [0.3-5 IU/mL] Not measured 1.85 IU/mL
ACTH [9-46 pg/mL] Not measured <9 pg/mL
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