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Human parathyreid hormone-related protein
(PTHrP) mRNA was detected in peripheral
Ienkemic cells obtained from adult T-cell leukemia
(ATL) patients as well as in cultured human T-cell
leukemia virus type 1 (HTLV-I)-infected T-cell
lines. In contrast, PTHrP mRNA was not detected
in other types of leukemic cells. Using radio-
immunoassay, immunoreactive PTHrP was also
detected in the spent media of HTLV-I-infected
T-cell lines. These results suggest that PTHrP
plays an important role in developing the hyper-
calcemia frequently observed in ATL patients.
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Adult T-cell leukemia (ATL) is a clinical
entity characterized by the malignant growth
of T4 antigen-positive peripheral T-lympho-
cytes. Extensive clinical studies have revealed
that more than half of acute-type ATL pa-
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tients developed hypercalcemia; this compli-
cation was rarely observed in patients with
other types of leukemias."” Severe pro-
liferation of osteoclasts was observed in
pathological studies of bone tissues obtained
from hypercalcemic ATL patients,” suggest-
ing that a factor, or factors, with the ability to
activate osteoclasts induced this pheno-
menon.* ¥ Although some reports have sug-
gested that interleukin (IL)-la or 8 is the
possible causative agent of this abnor-
mality,® the actual factor responsible for
this electrolyte imbalance in ATL patients is
not yet established. We report here evidence
indicating that peripheral leukemic cells ob-
tained from ATL patients as well as human
T-cell leukemia virus type I (HTLV-I)-
infected T-cell lines produce parathyroid
hormone-related protein (PTHrP). This pro-
tein is a newly-discovered factor with
calcium-elevating activity,” and is now con-
sidered to be the major causative agent of
humoral hypercalcemia of malignancy
(HHM),” the morbidity defined as the solid
tumor-associated hypercalcemia induced by
the production of hypercalcemic factor(s) by
the tumor cells.

Six cultured cell lines associated with leuke-
mia and 4 specimens of fresh leukemic celis
obtained from patients were examined by
Northern blot hybridization. Cultured cell
lines were 3 HTLV-I-infected T-cell lines
(MT-2, HUT-102 and MT-1),*'" one acute
myelocytic leukemia (AML) cell line (ML-
2),'” one acute promyelocytic leukemia cell
line (HL-60)"” and one chronic myelocytic
leukemia (CML) cell line (KOPM-28).'9
Three peripheral blood specimens obtained
from 2 ATL and one CML patients and bone
marrow cells obtained from one AML patient
were also examined. One ATL patient was
hypercalcemic (19.4 mg/dl) with a white-cell
count of 205,000/mm’ (abnormal lympho-
cytes, 67%}); the other was normocalcemic
(8.5 mg/dl) with a white-cell count of 97,000/
mm® (abnormal lymphocytes, 85%). The
AML patient was normocalcemic and more
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than 90% of bone marrow cells in this patient
were myeloblastic tumor cells. The CML pa-
tient in chronic state was normocalcemic, and
the peripheral white-cell count was 367,000/
mm® with 439 immature myeloid leukemic
cells. The leukemic cells in peripheral blood of
the 2 ATL patients and those in bone marrow
of the AML patient were separated by Ficoll-
Hypaque density gradient centrifugation.'
The peripheral leukemic cells of the CML
patient were isolated by the method reported
previously.™®

Poly(A)" RNA extraction, gel electropho-
resis and Northern blot hybridization were
performed by the method reported previ-
ously.” For detecting PTHrP mRNA, a previ-
ously described synthetic DNA probe, corre-
sponding to 17 amino acids of PTHrP(62-78),
was used.® The results of Northern blot hy-
bridization for PTHrP mRNA are illustrated
in Fig. 1. Among the 3 HTLV-I-infected
T-cell lines, PTHrP mRNAs, composed of 2
major bands with molecular sizes of 2.3 and
1.7 kb, were detected in 2 cell lines. These
bands were very similar to those detected in
the solid tumor tissues from patients pre-
senting with HHM as shown in the previous
studies.” These bands were not detected in 3
leukemic cell lines other than ATL. In 2 spec-
imens of peripheral leukemic cells obtained
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Fig. 1. Northern blot analysis for PTHrP
mRNA. Poly(A)" RNAs (5 ug per lane) were
prepared from HTLV-l-infected T-cell lines (a,
MT-2; b, HUT-102; ¢, MT-1), leukemic cell lines
other than ATL (d, ML-2; e, HL-60; , KOPM-
28), fresh leukemic cells obtained from ATL pa-
tients (g, hypercalcemic; h, normocalcemic) and
fresh leukemic cells obtained from patients with
leukemia other than ATL (i, AML; j, CML).
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from ATL patients, both contained hybridiz-
able bands. The intensity of the bands was
stronger in the specimen obtained from the
patient presenting with hypercalcemia. No
band corresponding to PTHrP mRNA was
observed in 2 specimens extracted from fresh
tumor cells obtained from patients with AML
and CML.

The production and the release of PTHrP
by HTLV-I-infected T-cell lines were ex-
amined by a radioimmunoassay (RIA) in the
spent media. The PTHrP RIA was performed
by using antiserum against human PTHrP(1-
34)amide which was synthesized by a solid-
phase peptide synthesizer. Synthetic PTHrP
(1-34) was purchased from Peninsula Labo-
ratories (Belmont, Calif.) as a radiciodina-
tion and assay standard. Immunoreactive
PTHrP was isolated from 10 ml of the spent
media by immunoaffinity column chromatog-
raphy which employed the same antiserum
used for the RIA."” When 0.02 and 1.0 pmol
of PTHrP(1-34) were extracted, the recovery
rates (mean=SD) were 85.0£10.0 and 73.0
+2.39%, respectively. The minimum concen-
tration of immunoreactive PTHrP detected
in the spent media was 0.93pM. As positive
controls, 3 cell lines established from solid
tumor tissues obtained from patients pre-
senting with HHM were also assessed. These
were cell lines of pancreatic carcinoma (FA),
melanoma (SEKI)}'® and esophageal carci-
noma (KN-13); nude mice bearing these tumor
cells developed hypercalcemia, and Northern

Table I. Concentrations of Immunoreactive
PTH(P in the Spent Media of 6 Cultured Tumor
Cell Lines

. Immunoreactive
Celi lines mu

PTHIP (pM)
HTLV-I-infected
T-cell lines
MT-2 93.00
HUT-102 2.50
MT-1 <0.93
HHM-associated
cell lines
KN-13 (esophageal ca.)? 570.00
SEKI (melanoma) 37.00
FA (pancreatic ca.) 25.00
a) ca., carcinoma.
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blot analysis revealed that these tumor
tissues expressed appreciable amounts of
PTHrP mRNA (data not shown). As shown
in Table I, immunoreactive PTHrP was
detected in the spent media of 2 HTLV-I-
infected T-cell lines, in which the expression
of PTHrP mRNA was observed. Large
amounts of immunoreactive PTHrP were
detected in the spent media of 3 HHM-
associated tumor cell lines. The dose-response
curves of immuncreactive PTHrP prepared
from these spent media were parallel to that of
synthetic PTHrP(1-34), indicating that the
active materials present in the spent media
had a structure immunologically indistin-
guishable from PTHrP(1-34). It is reasonable
to speculate that immunoreactive PTHrP
present in the spent media of HTLV-I-
infected T-cell lines is biologically active, for
the following reasons; the RIA developed in
this study recognizes the biologically active
portion of PTHrP, and we have data indicat-
ing that the amount of PTHrP-like biological
activity present in the spent media of HHM-
associated tumor cell lines is well correlated
with that of immunoreactivity detected by the
present RIA (data not shown).

A recent report by Fukumoto et al in-
dicated that ATL patients presenting with
hypercalcemia exhibited high nephrogenous
cAMP, an indicator of parathyroid hormone
(PTH)-like activity in vivo,” suggesting that
undefined factor(s) with PTH-like activity
may play an important role in developing
hypercalcemia in these patients. In the case of
HHM, PTHrP is now regarded as the causa-
tive factor responsible for this morbidity. The
present study reveals that fresh leukemic celis
obtained from ATL patients and HTLV-I-
infected T-cell lines produced PTHrP and
that the expression of PTHrP mRNA was
limited to the fresh leukemic cells of ATL
patients and HTLV-I-infected T-cell lines, as
far as examined. Based on these findings, it is
reasonable to assume that PTHrP could be
the major factor responsible for hyper-
calcemia in ATL patients. At present, the
actual mechanism of PTHrP production in
ATL-related tumor cells is not known. It
seems that infection of HTLV-I alone does
not explain this phenomenon, because the
ability to produce PTHrP is quite different in
3 HTLV-l-infected T-celi lines examined.
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These data are consistent with the clinical
observations that hypercalcemia does not
develop in all ATL patients. To clarify
the actual mechanism of PTHrP production
in ATL cells, it may be valuable to know
whether PTHIP production is associated with
‘T-cell malignancies other than ATL, as well
as normal T-cells.

As far as other factors with bone-resorbing
activity are concerned, IL-1a and 8 have been
reported to be produced frequently by fresh
leukemic cells of ATL patients and HTLV-1-
infected T-cell lines.” ® However, the produc-
tion of IL-1s is not limited to leukemic cells of
ATL patients.”” Since IL-l¢ and 8 possess
potent bone-resorbing activity, it is likely that
IL-1s produced by ATL cells could aggravate
hypercalcemia in ATL patients. Further
studies are required to elucidate the syner-
gistic effects of these hypercalcemic factors
produced by ATL cells.

Addendum: Before the submission of this
manuscript, T. Motokura et al.>” reported the
expression of PTHrP mRNA in one HTLV-I-
infected T-cell line, MT-2. However, no infor-
mation on PTHrP immunoreactivity or clini-
cal materials was available.

The authors thank the following researchers for
providing cell lines; Dr. I. Miyoshi (Kochi Medical,
College), MT-1 and MT-2; Dr. A. F. Gazdar and
Dr. R. C. Gallo (National Cancer Institute, USA),
HUT-102; Dr. S. Nakazawa (National Saitama
Hospital), ML-2 and KOPM-28; Dr, N. Nagata
(National Defense Medical College), FA; Dr. M.
Sekiguchi (Institute of Medical Science, University
of Tokyo), SEKI; Dr. Y. Maeda (Tokyo Metro-
politan Komagome Hospital), KN-13, They also
thank Dr. K. Tamura (Miyazaki Prefectural Hos-
pital) for collecting fresh leukemic cells and
Drs. K. Miki and K. Urakami (Toa Nenryo Kogyo
Co. Ltd., Saitama) for the synthesis of oligodeoxy-
ribonucleotide. This work was supported in part
by a research grant from the Princess Takamatsu
Cancer Research Fund, by a Grant-in-Aid from
the Ministry of Health and Welfare for the Com-
prehensive 10-Year Strategy for Cancer Cantrol,
by Grants-in-Aids for Cancer Research (608, 61-1,
61-8, 628-1, 62-26) from the Ministry of Health
and Welfare and by a Grant-in-Aid from the
Mochida Memorial Foundation for Medical and
Pharmaceutical Research.

(Received Aug. 29, 1988/Accepted Nov. 7, 1988)

Jpn. J. Cancer Res. (Gann)



1)

2)

3)

4)

3)

6)

7

8)

9)

79¢12)

HYPERCALCEMIC FACTORS IN ATL

REFERENCES

Shimoyama, M., Minato, K., Saito, H.,
Kitahara, T., Konda, C., Nakazawa, M.,
Ishihara, K., Watanabe, S., Inada, N,
Nagatani, T., Deura, K. and Mikata, A.
Comparison of clinical, morphelogic and im-
munologic characteristics of adult T-cell
leukemia-lymphoma and cutancous T-cell
lymphoma. Jpn. J. Clin. Oncol., 9(Suppl.),
357-372 (1979).

Kinoshita, K., Kamihira, S., Ikeda, S,
Yamada, Y., Muta, T., Kitamura, T,
Ichimaru, M. and Matsuo, T. Clinical,
hematologic, and pathologic features of
leukemic T-cell lymphoma. Cancer, 50,
1554-1562 (1982).

Kiyokawsa, T., Yamaguchi, K., Takeya, M.,
Takahashi, K., Watanabe, T., Matsumoto, T.,
Lee, S. Y. and Takatsuki, K. Hypercalcemia
and osteoclast proliferation in adult T-cell
leukemia. Cancer, 59, 1187-1191 (1987).
Grossman, B., Schechter, G. P., Horton, I. E.,
Pierce, L., Jaffe, E. and Wahl, L. Hyper-
calcemia associated with T-cell lymphoma-
leukemia. Am. J. Clin. Pathol., 75, 149-155
(1981).

Shirakawa, F., Yamashita, U., Tanaka, Y.,
Watanaba, K., Sato, K., Haratake, T,
Fujihira, T., Oda, 8. and Eto, 8. Production
of bone-resorbing activity corresponding to
interleukin-1a by adult T-cell leukemia cells
in humans. Cancer Res., 48, 4284-4287
(1988).

Wano, Y., Hattori, T., Matsuoka, M,
Takatsuki, K., Chua, A. O., Gubler, U. and
Greene, W. C. Interleukin 1 gene expression
in adult T cell leukemia. J. Clin. Invest., 80,
911-916 (1987).

Suva, L. J., Winslow, G. A., Wettenhali, R.
E. H., Hammonds, R. G., Moseley, J. M,,
Diefenbach-Jagger, H., Rodda, C. P., Kemp,
B. E.,, Rodriguez, H., Chen, E. Y., Hudson,
P. J., Martin, T. J. and Wood, W. I. A
parathyroid hormone-related protein im-
plicated in malignant hypercalcemia: cloning
and expression. Science, 237, 893-896
(1987).

Honda, S., Yamaguchi, K., Suzuki, M., Sato,
Y., Adachi, I., Kimura, 8. and Abe, K. Ex-
pression of parathyroid hormone-related pro-
tein mRNA in tumors obtained from patients
with humoral hypercalcemia of malignancy.
Jpn. J. Cancer Res. (Gann), 79, 677-681
(1988).

Miyoshi, 1., Kubonisht, I., Yoshimoto, S. and
Shiraishi, Y. A T-cell line derived from
normal human cord leukocytes by co-cultur-

1988

10)

11)

12)

13)

14)

15)

16)

17)

18)

ing with human leukemic T-cells. Gann, 72,
978-981 (1981).

Gazdar, A. F., Carney, D. N, Bunn, P. A,
Russell, E. K., Jaffe, E. 8., Schechter, G. P.
and Guccion, J. G. Mitogen requirements
for the in vitro propagation of cutaneous

T-cell lymphomas. Blood, 55, 409417
(1980).

Miyoshi, 1., Kubonishi, 1., Sumida, M.,
Yoshimoto, S., Hiraki, S., Tsubota, T,

Kobashi, H., Lai, M., Tanaka, T., Kimura,
1., Miyamoto, K. and Sato, J. Characteris-
tics of a lenkemic T-cell line derived from
adult T-cell leukemia. Jpn. J. Clin. Oncol., 9
(Suppl.), 485-494 (1979).

Minowada, J., Sagawa, K., Lok, M. S,
Kubonishi, I., Nakazawa, S., Tatsumi, E.,
Ohnuma, T. and Goldblum, N. A model of
lymphoid-myeloid cell differentiation based
on the study of marker profiles of 50 human
leukemia-lymphoma cell lines. In “Interna-
tional Symposium on New Trends in Human
Immunology and Cancer Immunotherapy,”
ed. B. Serrou and C. Rosenfeld, pp. 188-199
(1980). Doin Editeurs, Paris.

Gallagher, R., Collins, 8., Trujillo, T,
McCredie, K., Ahearn, M., Tsai, 8§,
Metzgar, R., Aulakh, G., Ting, R., Ruscetti,
F. and Gallo, R. C. Characterization of the
continuous, differentiating myeloid cell line
(HL-60) from a patient with acute pro-
myelocytic leukemia. Blood, 54, 713-733
(15979).

Mori, T., Nakazawa, S., Nishino, K., Sugita,
K., Takane, K., Mori, M., Sagawa, K,
Hayashi, Y. and Sakurai, M. Ph'-positive
CML-derived myeloid-monocytoid precursor
celi line producing substance(s) that stimu-
lates normal CFU-C. Leuk. Res., 11, 241-249
(1987).

Perper, R. J., Zee, T. W. and Mickelson, M.
M. Purificaticn of lymphocytes and platelets
by gradient centrifugation, J. Lab. Clin.
Med., 72, 842-848 (1968).

Skoog, W. A. and Beck, W, 8. Studies on the
fibrinogen, dextran and phytohemagglutinin
methods of isolating leukocytes. Blood, 11,
436454 (1956).

Kikuchi, K., Tanaka, M., Abe, K,
Yamaguchi, K., Kimura, 8. and Adachi, L
Rapid and specific radioimmunoassays for
B-endorphin and j3-lipotropin in affinity-puri-
fied human plasma. J. Clin. Endocrinol.
Metab., 59, 287-292 (1984).

Shimoyama, M. SEKI strain. In "In vitro
Culture of Human Cancer Cells” (in Japa-
nese), ed. S. Oboshi and H. Sugano, pp. 208
215 (1975). Asakura Shoten, Tokyo.

1267



19)

20)

1268

S. HONDA, ET AL.

Fukumoto, 8., Matsumoto, T., Ikeda, K.,
Yamashita, T., Watanabe, T., Yamaguchi,
K., Kiyokawa, T., Takatsuki, K., Shibuya,
N. and Ogata, E. Clinical evaiuation of
calcium metabolism in adult T-cell leukemia/
lymphoma. Arch. Intern. Med., 148, 921-925
(1988).

Furukawa, Y., Ohta, M., Miura, Y. and
Saito, M. Interleukin-1 producing ability of
leukaemia cells and its relationship to mor-

21)

phological diagnosis. Br. J. Haematol., 65,
11-15 (1987).

Motokura, T., Fukumoto, S., Takahashi, S.,
Watanabe, T., Matsumoto, T., Igarashi, T.
and Ogata, E. Expression of parathyroid
hormone-related protein in a human T cell
lymphotrophic virus type I-infected T cell
line, Biochem. Riophys. Res. Commun., 154,

1182-1188 (1988).

Jpn. J. Cancer Res. (Gann)





