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A Case of Squamous Cell Lung Carcinoma with High Concentration of Parathyroid
Hormone-related Peptide in Serum and Pleural Effusion Presenting Hypercalcemia
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A 57-year-old man with lung squamous cell carcinoma revealed hypercaleemia, hypophosphoremia,
elevation of nephrogenous cAMP and metabolic alkalosis. Serum parathyroid hormone (PTH) and
1,25(0H):D; concentrations were not elevated. These findings were consistent with those in humoral
hypercalcemia of malignancy (HHM), PTH-related peptide (PTHrP) concentrations were deter-
mined using N- and C-terminal specific radioimmunoassays (PTHrP-N, PTHrP-C), and elevation of
both PTHrP-N and PTHrP-C concentrations in the serum was noted (PTHrP-N, 27 pmol/liter
(normal <5); PTHrP-C, 1408 pmol/liter (normal <50)). High concentration of PTHrP (946 pmal/
liter for PTHrP-N and 5983 pmol/liter for PTHrP-C) was aiso found in the pleural fluid obtained at
autopsy. Immunohistochemical study, using paraffin-embedded sections of the tumor tissue obtained
at autopsy, revealed numerous PTHrP-positive cells and expression of PTHrP gene was confirmed by
Northern blot analysis. These findings indicate that PTHrP, produced in the tumor tissue, was
secreted into the blood stream, which caused HHM in the patient, Gel permeation chromatography of
the serum and pleural fluid revealed several peaks of both PTHrP-N and PTHrP-C, Molecular forms
of PTHrP-N were larger than those of PTHrP-C in the serum as well as plenral fluid. These findings
indicate that multiple forms of PTHrP molecules are present in the serum and pleural fluid.
Granulocytosis was also noted in the patient. However, granulocyte- and granulocyte macrophage-
colony stimulating factor were not detected in the serum, and the mechanism of the granulocytosis in

the patient was unclear.
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Parathyroid hormone-related peptide (PTHrP) was
isolated from a human lung cancer-derived cell line
(BEN) as a substance associated with humoral hyper-
calcemia of malignancy (HHM) and its primary struc-
ture was established in 1987."7 Subsequent studies re-
vealed a close relationship between PTHrP and HHM in
vitro as well as in vive.”™ In the human lung carcinoma,
HHM is found mostly in squamous cell type, and PTHrP
gene expression was demonstrated in this type of tumor.?
However, little information on serum PTHrP levels in
patients with HHHM is yet available. In the present study,
we examined the serum PTHrP concentration in a
patient with squamous cell lung carcinoma presenting
with HHM, and changes of serum PTHrP concentration
were observed during treatment of the hypercalcemia
with pamidronate. Molecular size heterogeneity was also
studied by using two different kinds of radicimmuno-
assay (RIA) for PTHrP (N- and C-terminal specific)
coupled with gel permeation chromatography.
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CASE REPORT

A 57-year-old man was followed up at an outpatient
clinic of our hospital after left pneumonectomy because
of squamous cell lung carcinoma in February, 1990, He
was admitted to our hospital in November, 1990, because
of persistent thirst, appetite loss and drowsy state.

Laboratory data on admission are shown in Table 1.
The serum calcium level was 14.9 mg/dl (normal 8.4—
9.8) and the value corrected for albumin was 15.8 mg/dl.
The serum phosphorus level was 1.7 mg/dl (normal 2.7-
4.5). Blood gas analysis revealed metabolic alkalosis. The
nephrogenous cAMP was 9.0 nmol/dl GFR (normal
0.8-2.8) and serum 1,25 (OH),D; was 32 pg/ml (nrormal
20-76). Serum parathyroid hormone {PTH) concentra-
tion, determined by two different RIA kits (one specific
for the middle portion and the other for the intact PTH),
were below the limit of sensitivity and within the normal
range, respectively. Marked granulocytosis (WBC,
51,500; granulocytes, 9595) was noted, but serum gran-
ulecyte(G)- and granulocyte macrophage-colony stimu-
lating factor (GM-CSF} determined by using EIA kits
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Table I. Laboratory Data on Admission

CBC Blood chemistry
RBC (X 10% 465/mm’  (410-530) T.P. 7.4 g/di (6.7-8.3)
Hb 13.0 g/dl  (14-18) Alb. 3.1 grd (3.8-4.7)
Ht 40.1% (40-48) GOT 39 IU/liter (11-37)
WBC 51500/mm®  (4900-8400) GPT 37 IU/liter (7-30)
Band 14.5% 7-GTP 53 TU/liter (10-60)
Seg 79.5% T. Bili. 0.5 mg/dl (0.3-1.0)
Eosino 0.5% ALP 118 IU/liter (45-130)
Lymph 2.5% LAP 535 IU/liter (17-54)
Mono 3.0% LDH 484 IU/liter {200-370)
PLT (X 10% 43/mm*® {(12-30) BUN 32.2 mgsdl (8.5-20)
Urinalysis Creat. 1.2 mg/dl (0.7-1.3)
Protein (—) U.A. 8.2 mg/dl (3.7-7.8)
Glucose (—) Na 147 mEqg/liter  (135-143)
Urobilinogen Normal K 2.3 mEq/liter (3.5-4.6)
Sediment N.P. Cl 91 mEqg/liter  (100-108)
Serological test Ca 14.9 mg/dl {8.4-9.8)
CRP (3+) P 1.7 mg/dl (2.7-4.5)
SCC 1.7 ng/ml (< 1.5) Blood gas analysis
CEA 4.7 ng/ml (<7.0) rH 7.51 (7.38-7.42)
Po2 88.2 mmHg (85)
PCO2 50.9 mmHg (40)
HCO* 40.3 mEqg/liter  (23-28)
BE 14.3 {(—3-+3)
NcAMP 9.0 nmol/dl-GFR (0.8-2.8)
1,25(0OH):D4 32 pg/ml (20-76)
PTH-Int <35 pg/ml (23-73)
PTH-M 470 pg/ml (230-360)
PTHrP-N 27 pmol/liter (<5)
PTHrP-C 1408  pmol/liter (<50)

Values in parenthesis represent the normal range.

NcAMP, nephrogenous cAMP; PTH-Int and M, PTH-immunoreactivities determined by specific RIAs
for intact and middle portion of PTH; PTHrP-N and -C, PTHrP-immunoreactivities determined by
specific RIAs for N- and C-terminal portion of PTHrP.

(Chugai Pharmaceutical Co. Ltd., Tokyo) were below
the limit of sensitivity. The other abnormal data included
serum albumin (3.1 g/dl), LDH (484 IU/liter), K (2.3
mEqg/liter), Cl (91 mEq/liter), C-reactive protein (3+)
and SCC antigen (1.7 ng/ml).

The patient was treated with 60 mg of pamidronate
given DIV for 2 h. Serum calcium was decreased to 10.2
mg/dl (corrected for albumin) at day 4, and then grad-
ually increased to the level of 11.3 mg/dl at day 10
(Fig. 1). However, he died of septic shock. At autopsy,
metastatic tumor tissue and pleural fluid were obtained
for Northern blot analysis, immunohistochemistry and
chromatographic analysis. Bone metastasis was not
found.

MATERIALS AND METHODS

RIA Two RIAs specific for N- and C-terminal portions
of PTHrP were employed. In the N-terminal-specific
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RIA (PTHrP-N RIA), the antiserum (#23) used was
raised against human(h)PTHrP(1-34) in a rabbit, and
did not crossreact with hPTH{1-34) or hPTH(1-84)
(<500 nmol/liter). hPTHrP(1-34) and '*I-Tyr-hPTHrP-
(1-34), iodinated by the chloramine T method,” were
used as the standard and the tracer, respectively., The
assay procedure was described previously.'” Intra- and
interassay coefficients of variation were less than 8.3%
and 12.5% (n=25), respectively and the sensitivity of the
assay was 5 pmol/liter. The C-terminal specific RIA
(PTHrP-C RIA) was carried out according to the proce-
dure described by Kasahara et al.'"! The antiserum used
was raised against hPTHrP(109-141), and did not cross-
react with hPTHrP(1-34), hPTH(1-84), hPTH(39-84)
or calcitonin. Intra- and interassay coefficients of varia-
tion were less than 10%, and the sensitivity of the assay
was 2 pmol/liter. A parallel displacement of the dilution
curve of serum samples with RIA standards was obtained
in both RIAs.



PTH was measured by using two different RIA Kkits,
one specific for the middle portion (PTH-M) (Yamasa
Shoyu Co. Ltd., Tokyo} and the other for the intact PTH
(Japan Mediphysics Co., Tokyo).

Gel permeation chromatography Gel permeation chro-
matography of the serum sample and pleural fluid was
performed on a Sephadex G-75 column (95X 1.4 cm).
Two ml samples were layered onto the column, and
eluted with 1 M acetic acid containing 0.1% BSA at a
rate of 7 ml/h at 4°C. Fractions (1.3 ml) were collected,
dried and reconstituted with buffer before assay. The
column was calibrated with protein markers (Vo, cata-
lase; 43 kDa, ovalbumin; 25 kDa, chymotrypsinogen A;
13.7 kDa, ribonuclease).

Immunohistochemistry Paraffin-embedded sections of
the tumor tissue obtained at autopsy were immuno-
stained using the PTHrP antiserum (#23) specific for the
N-terminal portion according to the ABC method.'»
Northern blot analysis Total RNA was extracted from
the tumor tissue obtained at autopsy by the guanidium
thiocyanate technique. Aliquots of total RNA were elec-
trophoresed on a 19 agarose-formaldehyde gel, trans-
ferred to a nylon membrane and immaobilized with UV
light. A segment (522 bp; —36 to + 138 amino acids of
preproPTHrP) of full-length PTHrP cDNA (gift from
Dr. T. Watanabe, Cancer Institute, Tokyo) was am-
plified by polymerase chain reaction (PCR), and was
labeled with *¥P-dCTP to a specific activity of 1.5x 10°
dpm/pg DNA by the random priming technique. Blots
were hybridized with 1 10° cpm/ml ¥P-labeled cDNA
probe for 12 h at 48°C according to the method described
previously.'? Autoradiography was performed using Fuiji
X-ray film (AIF RX, Fuji Photo Film Co., Kanagawa)
for 60 h at —70°C in the presence of an intensifying
screen.

RESULTS

PTHrP concentration in the serum and pleural effusion
and its change during treatment of hypercalcemia with
pamidronate Serum PTHrP concentrations in normal
subjects were below the limit of sensitivity (<5 pmol/
liter) for PTHrP-N-like immunoreactivity (LI) (n=60)
and 21-51 pmol/liter (mean®S8SD, 3174 pmol/liter;
n=76) for PTHrP-C-LI. Therefore, the normal range
was defined as less than 5 pmol/liter for PTHrP-N-LI
and less than 50 pmol/liter (the mean+2SD of the
normal subjects) for PTHrP-C-LI, respectively. Serum
PTHrP-N- and PTHrP-C-LI concentrations of the pa-
tient were 27 and 1408 pmol/liter, respectively. As shown
in Fig. 1, serum calcium levels (corrected for albumin)
dropped from 15.8 to 10.2 mg/dl at day 4 after treatment
with pamidronate, and were maintained around this level
until day 10. Increase of serum PTH concentration de-

PTHrP in Squamous Cell Lung Carcinoma with HHM

Famidronate

§0mg *
800 U 30 4
© 700 E
Fo o
t - soor 25 <
= —
[ g
g 500 3
7 aco 20 T
4 L By
17 &
-~ ¥ B
(=%
oW 15
©m
£ . 13
g
d 3
E
g9 . . R . N
] 1 3 4 6 i0
Days
Fig. 1. Changes of serum calcium (lower panel), PTH-M

{upper panel} and PTHrP-N (upper panel) concentrations
after DIV administration of pamidronate (60 mg).
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Fig. 2. Gel permeation chromatography of PTHrP-N

(1) and PTH(P-C ( } in serum (upper pancl) and
pleural fluid (lower panel) obtained from the patient on a
Sephadex G-75 column (95X 1.4 cm). The column was cali-
brated with protein markers (Vo, catalase; 45 kDa, ovalbumin;
25 kDa, chymotrypsinogen A; 13.7 kDa, ribonuclease). The
concentrations of PTHrP-N and PTHrP-C are expressed as
pg/tube and pmol/liter, respectively.

termined by an RIA kit for PTH-M in response to
the decline of serum calcium levels was observed, while
serum PTHrP-N-LI concentration tended to be de-
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tissue obtained at autopsy (<200).

creased (Fig. 1). Serum PTHrP-C-LI concentration, on
the other hand, did not seem to be altered during the
treatment (data not shown). PTHrP-N- and PTHrP-C-
LTI concentrations in the pleural fluid were 946 and 5983
pmol/liter, respectively.

Gel permeation chromatography Figure 2 shows the
elution profiles of PTHrP-LIs in the serum and pleural
effusion on Sephadex G-75. One major peak of PTHrP-
N-LI close to 13.7 kDa and two peaks of PTHrP-C-LI,
one between 45 kDa and 25 kDa and the other far
smaller than 13.7 kDa, were found in the serum (Fig, 2,
upper panel), while several peaks of PTHrP-N-LI bhe-
tween Vo and 13.7 kDa and one peak of PTHrP-C-L1
smaller than 13.7 kDa were found in the pleural effusion
(Fig. 2, lower panel).

Immunohistochemistry As shown in Fig. 3, numerous
cells in the tumor tissue were positively stained for
PTHrP.

Northern blot analysis A hybridization band around 188
was detected in total RNA extracted from the tumor
tissue (Fig. 4).

DISCUSSION

The patient revealed hypercalcemia, hypophospho-
remia and increased nephrogenous cAMP. However,
serum PTH and 1,25(OH),D; levels remained in the
normal range. These biochemical features are similar to
those of HHM. In fact, the serum PTHrP concentration
was elevated in the patient and a high concentration of
PTHrP was also present in the pleural effusion. Finally,
the Northern blot analysis and immunohistochemical
study confirmed production of PTHrP in the tumor
tissue of the patient. Therefore, PTHrP could have been
produced in the squamous cell lung carcinoma and
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Fig. 4. Northern blot analysis of the PTHrP gene. Total
RNA was extracted from the tumor tissue obtained at au-
topsy. Ten micrograms of total RNA was electrophoresed
and subjected to Northern blot analysis as described in
“Materials and Methods.”

secreted into the blood stream, causing HHM in the
patient.

Regulation of PTHIP secretion is not well understood.
Available data about the effect of extracellular calcium
on PTHrP secretion are inconsistent among the cell lines
used.'*' In the present study, hypercalcemia was treated
with pamidronate and a decrease of serum calcium was
observed. A transient increase of serum PTH was noted
during the course of the treatment, while serum PTHrP
determined by PTHrP-N RIA was decreased in response
to the decrease of serum calcium, although serum
PTHrP-C-LI was unchanged. Rizzoli and Bonjour'”
found a stimulatory effect of extracellular calcium on
PTHrP production in rat Leydig tumor cells associated
with HHM in vitro. Henderson et al.’® reported that
reduction of extracellular calecium reduced PTHrP secre-
tion from keratinocytes transfected with HPV16 DNA or
pSV2ras DNA. The reduction of serum PTHrP in re-
sponse to decrease of serum calcium seen in the present
patient is consistent with the findings described by
Rizzoli and Bonjour'” and Hendersen et al.'”® However,



further studies with many patients will be needed in
order to elucidate the regulation of PTHrP secretion in
humans.

Molecular heterogeneity of PTHrP was found in a
variety of tumors or cell lines.®3” A PTHrP molecule
contains numerous basic amino acid residues among
residues 84-108, suggesting that proteolytic cleavage into
small fragments may occur." The presence of PTHrP(1-
74) in the human plasma was demonstrated by using
immunoradiometric assay.” In the present gel permea-
tion chromatography, PTHrP-N-L1 with an apparent
molecular weight of 13.7 kDa was found. On the other
hand, two PTHrP-C-LIs, one with an apparent molec-
vlar weight of 30 kDa and the other with a molecular
weight of less than 13.7 kDa, were found. The smaller
one seems to be a C-terminal fragment of PTHrP, but the
nature of the larger one is unclear, In the pleural effusion,
the molecular form of PTHrP-N-L1 was larger than that
in the serum. Similarly, the molecular form of PTHrP-C-
LI in the pleural effusion was larger than that of the
smaller form in the serum, although the larger molecular
form (around 30 kDa) of PTHrP-C-LI was not found in
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the pleural effusion. Numerous tumor cells were found
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serum may result in the presence of such larger molecular
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Granulocytosis was sometimes accompanied with
hypercalcemia in patients with squamous cell carcinoma,
and CSF, which was produced by the tumors, has been
shown to induce such granulocytosis.”” In our patient,
granulocytosis was aiso noted, though G- and GM-CSF
were not detected in the serum. The granulocytosis did
not seem to be related to CSF in the patient. Cytokines
and/or unknown substances may be involved in the
pathogenesis.

In conclusion, we have demonstrated production and
gene expression of PTHrP in squamous cell lung carci-
noma of a patient who had presented with HHM. Serum
PTHrP-LI, which was elevated in the patient, could have
been derived from the tumor and caused HHM. Molec-
ular heterogeneity of PTHrP in the serum and pleural
effusion was apparent.
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