Lung Cancer Associated With Hypercalcemia Induced by Concurrently
Elevated Parathyroid Hormone and Parathyroid Hormone-Related
Protein Levels

Keiko Uchimura, Takehiko Mokuno, Akio Nagasaka, Nobuki Hayakawa, Taiya Kato, Naho Yamazaki,
Takako Kobayashi, Mutsuko Nagata, Motoko Kotake, Mitsuyasu Itoh, Toru Tsujimura, and Katsumi lwase

In general, many cases of malignancy-associated hypercalcemia are due to HHM. In patients with humoral hypercalcemia of
malignancy (HHM), it has been reported that plasma parathyroid hormone-related protein (PTHrP) and cyclic adenosine
monophosphate (cAMP) levels were elevated, while plasma PTH and active vitamin D; levels were suppressed. Our patient
showed hypercalcemia with a concurrent increase in plasma and tumor tissue PTHrP and PTH concentrations and also high
cAMP and low 1-25(0OH),VD; levels in the plasma. These data suggest that the hypercalcemia exhibited by our patient was
consistent with HHM due to lung cancer and its liver metastasis. Moreover, diagnostic imaging and autopsy findings showed
no appreciable lesions of the parathyroid gland. In addition, histopathologic examination of the primary and metastatic
tumors revealed the existence of PTH immunohistochemically stained with anti-PTH antibodies, suggesting an ectopic-PTH-
producing lung tumor. From these data, our patient was diagnosed with a rare case of lung cancer, which produced both
ectopic PTH and PTHrP.

Copyright 2002, Elsevier Science (USA). All rights reserved.

ALIGNANCY-ASSOCIATED hypercalcemia is a com- tests revealed a calcium (Ca) level of 17.6 mg/dL and his chest
plication in a wide range of cancers, from solid cancers,x-ray showed a pulmonary tumor shadow.
such as squamous cell carcinoma, breast cancer, and hepato-Physical examination revealed as follows: body height, 156
cellular carcinoma, to malignant hematologic tumors. cm; body weight, 45.3 kg; blood pressure, 150/70 mm Hg;
Hypercalcemia caused by malignant tumors has been comulse rate, 84/minute, regular; and consciousness, unclear. Nei-
ventionally classified into local osteolytic hypercalcemia ther jaundice nor anemia were observed in the conjunctiva. His
(LOH) and humoral hypercalcemia of malignancy (HHM). Itis respiratory sounds were clear, and no heart murmur was audi-
believed that LOH is induced by bone destruction due to apje. The liver was palpable across a 3-finger breadth below the
malignant tumor, while HHM is caused by the effect of hu- right costal margin in the right upper abdominal quadrant.
moral factors produced by the tumor in its calcium metabolism.There was no pretibial pitting edema or anasarca. The patient
In 1987, Moseley et al, Strewler et ak and Burtis et & gig not complain of ostealgia.
purified a protein with parathyroid hormone (PTH)-like activity - | aporatory tests on admission: anemia, liver dysfunction,
from the tissues of lung, renal cell, and breast carcinomas and,y yelatively mild renal dysfunction (blood urea nitrogen

the supernatants o_f those cultured_cells_,_respective_ly. SU\_/a TEUN], 28 mg/dL; creatinine, 1.3 mg/dL) with preservation of
at cloned a p(rjoter:n frc()jm thl_\IA,Nldentlflec: Its amino aC|dh urine volume were observed. Serum electrolytes showed a high
sequences, and showed that its N-terminal structure was hQs, o, (16.6 mg/dL [verified by serum albumin concentra-

moltogou;_lfa tgat Or: PTH. 'I'.hellprotg.lnl,t k?OW;T‘;S PTH'treIatedtion], ionized Ca, 7.41 mg/dL). Urinary Ca excretion was also
protein ( P), shows a similar affinity for receptors as high (Ca, 476 mg/d [normal value, 50 to 300], urinary protein,

\s;—:_i'ol?sndazgﬁﬁsa\:;trtloHE)l(\;"\t/)vl(tarfathZ?rgg d p:r):zlicilev%: C?:::;/igi;'Z% mg/d [normal value, 80 to 150], urinary creatinine, 256
P yzed, mg/d [normal value, 70 to 160]). Mild metabolic alkalosis was

that PTHrP was a major causative agent of HFIMighty L -
percent of malignancy-associated hypercalcemia is due t(())bserved on blood gas analysis with room air (pH 7.44@;,P

HHM. However, ectopic—PTH-producing tumors are rarely thei)'_s':L kTm Hg; Eé 785602”] Hg;ll?_"flse Excess (BE)’_ 6'192?_)";2/'/“
cause of hypercalcemia. icarbonate [HCQ, 30.3 mmol/L; oxygen saturation, 95.7%).

The present report describes a patient with squamous ceft chest x-ray revgaled a tumor shadow 6 cm in diameter with
carcinoma of the lung who was admitted to our university &0 irrégular margin at the right hilus. Computed tomography
hospital as an emergency because of a remarkably high level §T) scanning of the chest showed mediastinal infiltration by
plasma calcium induced by concurrently elevated PTH andl® tumor in the right lung lobe region (Fig 1), but the other
PTHIP levels. The excessive production of both ectopic PTH€gion showed no bone metastatic lesion. Endocrinologic in-
and PTHrP in the lung tumor tissue was also confirmed by
autopsy examination of the patient.

From the Division of Endocrinology and Metabolism, Departments
CASE REPORT of Internal Medicine and Surgery, Fujita Health University School of

The patient was a 74-year-old man complaining mainly of'v'esdigm?t't Tdoéoik‘g' Aghiz'ojoaﬁa”' d 3 22 2002
disturbed consciousness. His family history was unrelated. ubmitted ctober o, » accepied January <z, :

Si 1982 he h ffered f hronic rh toid arthriti Address reprint requests to Mitsuyasu Itoh, MD, Department of
ince ! € has suttered from C ronl_c rheumatoic ar '_" IsInternal Medicine, Fujita Health University School of Medicine,
The patient has suffered from anorexia and general fatlguemyoake Aichi 470-1192, Japan.

and tended to be somnolent for about 1 year. Therefore, he was Copyright 2002, Elsevier Science (USA). All rights reserved.

examined by a local medical doctor and referred to the emer- 0026-0495/02/5107-0005$35.00/0

gency clinic of our university hospital because his laboratory doi:10.1053/meta.2002.33341
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Fig 1. Chest x-ray revealed a tumor shadow (arrow) 6 cm in
diameter with an irregular margin at the right hilus. CT scanning of
the same area of the chest showed mediastinal infiltration of the
tumor in the right lung lobe region.

vestigations (Table 1) showed the high plasma PTHrP levelsed for each hormone are shown in Table 1. Ultrasonography
with a concurrent increase in the plasma C-terminal, sensitiven his neck showed no abnormal shadow in the thyroid or
and intact PTHs and serum cyclic adenosine monophosphatgarathyroid glands. Abdominal ultrasonography revealed no

(cAMP), and a decrease in the plasma 1-25(OH), level.

hepatic tumors or other abnormalities.

The other endocrinologic tests were normal. The assay methods Concerning his progress, serum Ca level normalized after he

Table 1. Endocrinologic Findings

Serum TSH 3.2 pU/mL (0.4-3.5)
Serum T3 0.7 ng/mL (0.7-1.6)
Serum T, 11.3 png/dL (5.4-10.5)
Serum PTH (C-terminal) 2.8 ng/mL (0.5>)
Serum PTH (sensitive) 3,600 pg/mL (160-520)
Serum PTH (intact) 180 pg/mL (15-50)
Plasma PTHrP 3.09 pmol/L (0.3-0.75)
Serum calcitonin 51 pg/mL (100>)
Serum 1-25 (OH), VD4 5.0> pg/mL (20-60)
Serum cAMP 41 pmol/mL (11-21)
Urinary cAMP 0.01> pmol/d (1.8-6.3)
Plasma ACTH 11 pg/mL (9-52)
Serum cortisol 22 pg/dL (5.3-24.5)

NOTE. Numbers in parentheses are the normal values. Intact PTH
concentration was measured with a 2-site chemiluminescent immu-
noassay from Nichols Institute Diagnostics (San Juan Capistrano, CA)
(minimal detectable value, 2 pg/mL; intra-assay CV, 4.6%; interassay
CV, 3.9%). PTHrP concentration was measured with a 2-site immuno-
radiometric assay from Nichols Institute Diagnostics (minimal detect-
able value, 0.3 pmol/L; intra-assay CV, 2.5%; interassay CV, 7.6%).
Calcitonin (minimal detectable value, 10 pg/mL; intra-assay CV, 4.5%;
interassay CV, 4.4%; 1 25 (OH), VD5 (2 pg/mL, 8.8%, 8.0%); cAMP (0.62
pmol/mL, 4.2%, 4.9%); ACTH (5 pg/mL, 2.5%, 3.6%); cortisol (1 ug/dL,
4.9%, 7.1%); C-terminal (0.2 ng/mL, 8.4%, 9.9%) and sensitive PTH
(100 pg/mL, 6.2%, 4.1%) concentrations were measured with com-
mercially available radioimmunoassay kits. TSH, T, and T, concen-
trations were measured with a chemiluminescent enzyme immuno-
assay. These PTHs and PTHrP assays showed no cross-reactivity with
each other.

Abbreviations: TSH, thyroid-stimulating hormone, T, triiodothyro-
nine; T,, thyroxine; ACTH, corticotropin.

was treated with electrolyte infusion, diuretics, calcitonin, and
pamidronate disodium. Hemodialysis was also applied to re-
duce his high Ca level (Fig 2). However, the patient died of
hepatic failure complicated with disseminated intravascular
coagulation 21 days after admission.

The autopsy examination revealed a 6-cm lung carcinoma in
the upper right lobe with tumor metastases in the liver and both
lungs. Hemorrhagic ascites and pleural fluids were also ob-
served. Hepatic tumor invasion was observed. The thyroid and
parathyroid glands were normal size and weight. The his-
topathologic examination for these glands also confirmed that
the parathyroid glands were normal, and no ectopic parathyroid
glands were found in the mediastinum. Histologic examination
of the lung tumor mass (Fig 3A) showed a solid lung tumor
accompanied by extensive necrosis. The tumor was character-
ized by proliferation of atypical cells with a cobblestone-like
and, in parts, onion-like arrangement. The diagnosis was mod-
erately well-differentiated squamous cell carcinoma with high
mitotic nuclei. The histologic findings of the liver tumor (Fig
3B) were similar to those in the lung, suggesting hematogenous
and lymphatic metastases of a moderately well-differentiated
squamous cell carcinoma of the lung. In the tumor, relatively
well-differentiated and spindle-shaped tumor cells were stained
positively with PTH antibodies, which did not cross-react with
PTHrP (Fig 4A), compared with negative control staining (Fig
4B), and electron microscopy (Fig 5) showed scattered secre-
tory granules inside the tumor cells. PTH and PTHrP concen-
trations concurrently increased in the lung and liver tumor
tissues (the methods for PTH and PTHrP measurement in the
lung and liver tissues are shown in the legend to Table 2) as did
those in the plasma. We tried to confirm PTH and PTHrP
MRNAs using a cDNA probe prepared by Dr H. Katagami,
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Fig 2. Changes in serum Ca
levels during therapy. days

Miyazaki Medical College, Miyazaki, Japan, and PTHrP stain-with primary hyperparathyroidism. The diagnosis of an ec-
ing was tried using a PTHrP antibody prepared by Dr H.topic—PTH-producing tumor should be made only after primary
Katagami and a PTHrP monocronal antibody from Oncogeneor secondary hyperparathyroidism can be ruled out.

Science, Cambridge, MA. However, as PTHrP is unstable, this Our patient showed hypercalcemia with a concurrent in-
was unsuccessful probably because the specimens were obrease in plasma and tumor tissue PTHrP and PTH concentra-

tained from the patient at autopsy. tions and also high cAMP and low 1-25(Of¥)D 5 levels in the
plasma. Whether or not the low urinary cCAMP level was due to
DISCUSSION a defect in the nephrogenic action of PTH and PHTrP or

In patients with HHM, it was reported that plasma PTHrP hypercalcemia treatment-induced renal dysfunction is unclear,
and cAMP levels were elevated, while plasma PTH and activealthough these data suggest that our patient’s hypercalcemia
vitamin D, levels were suppressed. In HHM patients, thewas consistent with HHM due to lung cancer and its liver
concept of ectopic—PTH-producing tumors was suggented, bumnetastasis. Therefore, the cause of the elevated plasma PTH
this idea has been rejected because PTHrP has been identifiddvel was thoroughly investigated to rule out hyperparathyroid-
Cases of malignant tumors associated with high plasma PTHsm. Diagnostic imaging showed no appreciable lesions of the
levels should be suspected as malignant tumors complicateparathyroid gland, which was confirmed at autopsy. In addition,
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Fig 3. (A) Histologic findings of the lung tumor stained with hematoxylin-eosin (original magnification x 200). The tumor, characterized by
proliferation of atypical cells with a cobblestone-like and, in parts, onion-like arrangement, was diagnosed as a moderately well-differentiated
squamous cell carcinoma with high mitotic nuclei. (B) The histologic findings of the metastatic tumor in the liver stained with hematoxylin-
eosin (original magnification x 200). Tumor cells are similar to those in the lung, suggesting hematogenous and lymphatic metastases of a
moderately well-differentiated squamous cell carcinoma of the lung.
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Fig 4. (A) Immunostaining of the lung tumor with PTH antibodies (original magnification x 200). In the tumor, relatively well-differentiated
and spindle-shaped tumor cells are stained positively with PTH antibodies from Bio-mega Co, Ltd, Sostercity, CA. (B) Negative control staining
did not show any visible staining. The cross-reactivity of the antibody used for PTH with PTHrP was lacking.

histopathologic examination of the primary and metastatic tu-terminal structure is homologous to that of PTH, which consists
mors also revealed the existence of PTH immunohistochemiof 84 amino acids. Injection of PTHrP N-terminal fragments
cally stained with anti-PTH antibodies, suggesting an ectopic-into rats resulted in an increase in 1-25(QWp3* unlike
PTH-producing lung tumor. There have been many reports oHHM, and the PTHrP C-terminal inhibited osteoclast3hese
ectopic—PTH-producing tumors since 1987, including smallfindings indicate that the pathophysiologic changes in HHM
cell carcinoma of the lung by Yoshimoto et €aprimitive cannot be explained by the PTH-like activity of PTHrP alone.
neuroectodermal tumor by Strewler et’abvarian cancer by In the patient reported by Strewler et7athe blood PTHrP
Nussbaum et & cholangiocellular carcinoma by Baba et?al, concentration was slightly elevated, and the presence of PTHrP
and thymoma by Rizzoli et &P The tumor in our patient was mRNA in the tumor tissue was confirmed. They assessed the
histologically identified as a squamous cell carcinoma and wasumor’s correlation with hypercalcemia, but did not discuss the
neuron-specific enolase (NSE)-positive. The presence of secrehange in the plasma 1-25(0¥)D; level.
tory granules inside the tumor cells was confirmed by electron The normal circulation level of PHTrP is considerably lower
microscopy. The tumors in the patients of Yoshimoto @aad  than the level of PTH. Therefore, it is uncertain that PTHrP has
Strewler et @ were histologically characterized by positive some role in maintaining calcium homeostasis. However,
NSE staining, but their tissue PTH production was unclear. PTHrP is widely present in fetal tissues, and its gene is ex-
PTHrP consists of 141 amino acids and its actions on thepressed in developing and adult tissues, suggesting it has some
mid- and C-terminal are largely unknown. However, the N-

Table 2. PTH and PTHrP Concentrations in the Lung and Liver
Tumor Tissues of the Patient

. SCC AT PTH PTHrP

Lung C-terminal 12.67 ng/g wet tissue
sensitive 124,171 pg/g wet tissue 0.73 pmol/g wet tissue

intact 25> pg/g wet tissue

Liver C-terminal 20.83 ng/g wet tissue
sensitive 23,449 pg/g wet tissue 0.13 pmol/g wet tissue
intact 4,177 pg/g wet tissue

NOTE. The tissues were homogenized in an 8 mol/L urea buffer
containing 0.2 N HCI for the tissue PTH assay, and PTH was extracted
according to the method reported previously.' For the tissue PTHrP
assay, the tissues were homogenized in 1.0 mol/L acetic acid, and
PTHrP was extracted according to the previously reported method.'®
The minimal detectable values were 0.1 ng/g (wet weight tissue) in
c-terminal PTH, 50 pg/g in sensitive PTH, and 25 pg/g in intact PTH in
lung and liver tissues, while that of PTHrP was 0.03 pmol/g in lung and

Fig5. Electron microscopic findings of the lung metastatic tumor liver tissues. !:TH or PTH"P antlb?dy did not cross-react with eacjh
in the liver (original magnification x 3,900). Scattered secretory gran- other. C-terminal, sensitive, and intact PTHs were undetectable in
ules (arrow) are observed inside the tumor cells (squamous cell normal lung and liver tissues. PTHrP was also undetectable in normal
carcinoma [SCC]). lung and liver tissues.
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functions in development and in normal physiology at the cellboth ectopic PTH and PTHrP, of which the pathophysiologic

or tissue level. changes are of particular interest when considering HHM.
Further studies on developmental expression of PTH and
PTHrP linked to gene sequence, such as Southern and Western ACKNOWLEDGMENT
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