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Summary: We demonstrate for the first time that the expression of tyrosine containing
membrane phosphoproteins is elevated in estrogen-induced kidney tumors, which is
evident from both the types of experiments, i.e., alkali-resistant phosphorylation of
membrane proteins and immunoprecipitation of tyrosine containing phosphoproteins.
Tyrosine phosphorylation of proteins or peptides was modulated by the growth factors
(EGF, IGF-1) and by the inhibitors of tyrosine protein kinase(s). The kinetic analyses
revealed that tumor membranes have high affinity and catalytically more efficient
tyrosine phosphorylating kinase enzyme(s) compared to that of normal membranes
which have low affinity and catalytically less efficient kinase enzyme(s). It is
proposed that overexpression of tyrosine containing membranal phosphoproteins may
be involved in the induction and growth of estrogen-induced renal neoplasm. o 1992

Academic Press, Inc.

Chronic exposure to estrogens leads to the development of neoplasms at
various organ sites in animals as well as humans (1-3). The mechanism of estrogen-
induced carcinogenesis is not clear. Phosphorylation of oncoproteins, particularly
retroviral oncogene products, at tyrosine residues by protein kinases have been shown
to play a critical role in the control of cell growth and cell transformation (4).
Membrane receptors for a variety of growth factors such as epidermai growth factor
(EGF), platelet derived growth factor (PDGF), and insulin like growth factor-1 (IGF-1),
have been shown to possess protein tyrosine kinase activity (5). Enhanced expression
of membrane receptor protein kinase has been shown to correlate with the stimulation

of cell proliferation (4,5). Increased protein phosphorylation at tyrosine residues in
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chemical-induced hepatic tumors has been reported (6) and it was suggested that
activation of phosphoprotein is associated with chemical hepatocarcinogenesis
initiation. Whether this type of phosphorylation is alse enhanced in hormone-induced
tumors and plays a role in hormonal carcinogenesis induction is unclear.

In the present study we have examined the possibility of enhanced expression
of membrane phosphoproteins which were phosphorylated by protein tyrosine
kinase(s) in diethyistilbestrol (DES)-induced kidney tumors in Syrian hamsters. This
model of hormonal carcinogenesis has been used in the present work because (i} DES
treatment to hamster for 7-9 months induces almost 100% tumors (3), (ii) DES acts
as both tumor initiating and promoting agent (iii) and growth of tumor is estrogen-
dependent (3). In this study we have investigated the expression and characteristics
of membrane by protein tyrosine kinases in DES-induced tumors and in untreated

control kidneys.

MATERIALS AND METHODS

DES, N-ethylmaleimide, quercetin, Poly (Glu,Na-Tyr) 4:1 (PGT), and monoclonal
antiphosphotyrosine-agarose were purchased from Sigma. Agarose wheat germ lectin
was purchased from Pharmacia. [7-3?P]ATP (specific activity 4500 Ci/mmol) was
obtained from ICN Biomedical. All other chemicals were of analytical grade.

Tumors in male Syrian hamsters (6-8 wks from Harlan Sprague Dawley,
Houston, TX) were induced by s.c. implant of DES (7). Kidneys from treated hamsters
were separated into tumor and tumor free tissues (surrounding the tumor). Plasma
membranes were prepared {8). Partial purification of phosphoproteins from solubilized
membranes was carried out using agarose wheat germ lectin (9).

Protein tyrosine kinase activity was assayed at room temperature by using poly
PGT as a phosphorylatable substrate (10). The membrane autophosphorylation was
performed as described by Cooper et. al. (11). The samples were fractionated on
9.5% SDS-PAGE. The gels were treated with 1 N KOH at 55°C for 2 hr. Gels were
neutralized, dried under vacuum and autoradiography was performed with Kodak X-
Omat™ AR-5 films with intensifying screens at -70°C. The immunoprecipitation
was performed as described previously (12). Samples were treated with an equal
volume of monoclonal anti-phosphotyrosine-agarose overnight at 4°C. The
immunoprecipitated proteins were fractionated on 9.5% SDS-PAGE followed by
autoradiography as described above.

RESULTS
Characterization of the optimal conditions for protein tyrosine kinase activity
revealed that the protein tyrosine kinase enzyme present in both normal kidney and
tumor membranes is dependent on the concentration of substrate, membrane proteins,
incubation period and the concentration of cofactors MgCl, and MnCl, (Fig. 1-4).

Using the optimal conditions, phosphorylating potential of enzyme(s) present in the
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Figure 1. Effect of increasing concentrations of membrane proteins on the activity of
protein tyrosine kinase. Each value is a mean of 2-3 measurements.
Figure 2. Effect of incubation time on the activity of protein tyrosine kinase activity.
Each value is a mean of 2-3 measurements. Open circle represents the data obtained
form control kidney and closed circle represents the data obtained from kidney
tumors.
membranes of normal kidney, surrounding kidney tissue, and tumors was compared
by using PGT as a substrate. Tumor membranes had 50 and 100% more
phosphorylating activity than surrounding tissue and normal kidney membranes,
respectively (Table 1). Tissue surrounding kidney tumor showed significantly higher
phosphorylating activity than that of normal kidney.
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Figure 3. Effect of increasing concentrations of substrate on the activity of protein
tyrosine kinase activity. Each value is a mean of 2-3 measurements. Open circle
represents the data obtained from control kidney and closed circle represents the data
obtained from kidney tumors.

Figure 4. Effect of various concentrations of MgCl, or MnCl, on the activity of normal
kidney membrane protein tyrosine kinase activity. Each value is a mean of 2-3
measurements. Open circle represents the data obtained in the presence of MgCl, and
closed circle represents the data obtained in the presence of MnCl,.
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TABLE 1
Protein Tyrosine Kinase Activity in normal and kidney tumor
membranes
Conditions No. of animals No. of animals pmol/min
bearing tumors PTK activity
Control 8 0 738 + 54
Surrounding tissues?® 10 920 + 66%
Tumor 10 10 1456 + 121%*%*

3Grossly visible tumor free tissues are called surrounding
tissue. Significant * at P < 0.05; ** P <0.02. PTK = Protein
tyrosine kinase.

Kinetic analyses revealed that normal kidney membrane protein tyrosine
kinase(s) has a Km = 114 ug/ml and Vmax = 440 pmol/mg protein/min. The
corresponding values for tumor membrane enzyme were Km = 29 ug/ml and Vmax
= 880 pmol/mg protein/min (figure 5 and table 2). The efficiency of catalyzing the
phosphorylation reaction by tumor membrane enzyme(s) was 10-fold higher than that
of normal kidney membrane enzyme(s) (catalytic efficiency of enzyme = 3, 30 for
normal kidney and tumor enzyme(s), respectively). Thus, kinetic analyses revealed that
tumor membranes have high affinity and catalytically more efficient phosphorylating
enzyme(s) compared to that of normal kidney membranes which have low affinity and

catalytically less efficient enzyme(s).
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Figure 5. A doubile reciprocal plot of the phosphorylation of exogenous substrate by

membrane fractions from normal kidney (open circle) and kidney tumors {(closed
circle).
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TABLE 2

Kinetic analysis of phosphorylation of exogenous substrate poly
(Glu, Na-Tyr) by normal kidney and tumor membrane protein
tyrosine kinase(s)

Kinetic Constants Normal Membranes Tumor membranes
Km (pg/ml) 114 29

Vmax (pmol/mg protein) 440 880

KCat 3 30

Phosphorylation of PGT by partially purified phosphoprotein from both normal
kidney and tumor membranes was significantly enhanced in a dose-dependent fashion
in the presence of EGF or IGF-| (Table 3). N-ethylmaleimide and quercetin, known
inhibitors of protein tyrosine kinases, inhibited phosphorylation of PGT catalyzed by
normal kidney and tumor membrane protein tyrosine kinase(s) in a dose-dependent
fashion (Table 4).

Normal kidney membranes revealed at least six major alkali-resistant proteins
of Mw approximately 190, 180, 125, 105, 66 and 60 KDa (Fig. 6). In tumor
membranes phosphoproteins corresponding to that observed in normal kidney tissue

membranes were also present, however, their levels were drastically elevated in the

TABLE 3

Effect of IGF-I and EGF on the activity of WGA-purified normal
and estrogen-induced kidney tumor membrane protein tyrosine
kinase(s)

Effector % Control Activity
Normal Tumor

IGF (nM)

0 100 100
1 121 148
10 142 220
100 158 280
EGF (nM)

0 100 100
1 117 238
10 156 484
100 254 544

Each value is percent mean of 3-4 experiments.
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TABLE 4

Influence of inhibitors on normal and tumor membrane protein
tyrosine kinase activity

% Inhibition

Normal Tumor
N-ethylmaleimide
0 mM 0 0
1 mM 32 42
10 mM 59 78
Quercetin
0 uM 0 0
100 uM 4 13
500 uM 35 41

Activi?y in the absence of inhibitor was taken as a 100%. Each
value is percent mean of 3-4 experiments.

tumor membranes (Fig. 6). Addition of protein kinase inhibitor quercetin inhibited the
autophosphorylation of both normal kidney and tumor membranes (Fig. 6).
Immunoprecipitation with the monoclonal antibody of phosphotyrosine revealed
that six common tyrosine containing phosphoproteins are present in both normal
kidney and tumor membranes (Fig. 7), which is in agreement with the results obtained
by alkali-resistant autophosphorylation studies. The levels of these common proteins
in tumor membranes were very high than that found in control kidney membranes.
Among these 190, 180, and 66 KDa proteins were about 5 fold more phosphorylated
in tumor membranes as compared to that of normal kidney membranes. The
phosphorylation on tyrosine residues on other proteins (i.e., 125, 105, and 60 KDa)

was 2-3 fold higher than that found in normal kidney membranes (figure 7).

DISCUSSION

Present study demonstrated for the first time that the expression of tyrosine
kinase containing membrane phosphoproteins is elevated in DES-induced kidney
tumors, which is from all the three types of experiments i.e., phosphorylation of
exogenous substrate, alkali-resistant phosphorylation of membrane proteins and
immunoprecipitation of tyrosine containing phosphoproteins. The kinetic analyses
revealed that the tyrosine phosphorylating enzyme(s) in tumor membranes has high
affinity and catalytically more efficient than that of normal kidney membranes which

has low affinity and catalytically less efficient kinase activity.
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Figure 6. Panel A is autoradiograph of alkali-resistant phosphoprotein labeled by
protein tyrosine kinase(s) from normal kidney and tumor membrane fraction after SDS-
PAGE. Panel B is scanning of autoradiogram shown in panel A. Plus represents the
membrane phosphorylation in the presence of 500 pM quercetin, whereas minus
indicates the absence of quercetin. Phosphoproteins are indicated by arrows.

Figure 7. Autoradiograph of phosphoprotein labeled by protein tyrosine kinase(s) form
antiphosphotyrosine antibody precipitated extract from normal kidney and tumor
membranes after SDS-PAGE. Panel B is scanning of autoradiogram shown in panel A.
Phosphoproteins are indicated by arrows.

Phosphorylation of proteins catalyzed by protein tyrosine kinases play an
important role in proliferation of both normal and neoplastic cells and in retroviral- and
chemical-induced cell transformation (4,6). Both initiation and promotion of estrogen-
induced neoplasm require cell proliferation. Elevated expression of tumor membrane
protein kinases resulting in an increased phosphorylation of tyrosine specific
phosphoproteins may play an important role in estrogen-induced carcinogenesis.

Estrogens can increase the expression of several protein tyrosine kinase
containing oncoproteins and receptors of growth factors in human breast tumor cells
{13). Human breast tumor tissues have been reported to possess higher levels of
protein tyrosine kinases {14). Recently, estrogen-induced kidney tumors have shown

to have higher level of c-fos, c-myc and c-jun oncogenes (15}. It is therefore possible
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that the phosphoprotein in tumor membranes are non-receptor proteins i.e., oncogene
products. Furthermore, the overexpression of cellular onco-phosphoprotein viz., src
family oncoproteins or receptors of growth factors, have been reported to induce cell
transformation (4,5). Stimulation of phosphorylation of substrate by growth factors,
EGF and IGF-1, in both normal and tumor kidney membranes was observed in this
study. It is therefore possible that estrogen treatment causes overexpression of onco-
phosphoprotein and/or growth factor receptor proteins in the hamster kidney, and this
in turn plays a critical role in the hormone-induced renal carcinogenesis. This
possibility is consistent with the observation that phosphoproteins levels were
enhanced in surrounding tissues of estrogen treated hamsters.

Alternatively, the increased expression of protein tyrosine phosphorylation of
kidney tumor membranes may not play a causative role in tumorigenesis. It is known
that hamster kidney tumors require estrogen for continued growth (3). Thus, the
enhanced levels of phosphoprotein in tumor membranes may simply be required for
the stimulation of tumor growth by estrogen but may not be a primary carcinogenic
event(s) produced by the estrogen. However, the increase in the levels of phospho-
protein in surrounding kidney tissue from estrogen treated hamsters argues against
this hypothesis. Studies in our laboratory are in progress to ascertain the role of these
phosphoprotein in initiation and promotion of hormone-induced carcinogenesis.

Our findings are significant because the results demonstrate for the first time
that the expression of tyrosine containing phosphoproteins is elevated in estrogen-
induced kidney tumors, which is one of the major animal models of hormonal
carcinogenesis. Consequently, our results provide specific markers for evaluating the
similarities and differences of estrogen-induced hamster tumors with human and other
animal cancers on the basis of tyrosine containing phosphoprotein expression.
However, further studies are needed to elucidate the relationship between the
molecular basis of protein tyrosine kinase activation, the expression of various
membrane phosphotyrosine containing proteins and hormone-induced renal

carcinogenesis.

ACKNOWLEDGMENT
This research was supported by a grant from the NIH {CA 52584).

REFERENCES

1. IARC (1979) Monographs on the evaluation of the carcinogenic risk of chemicals
to human: sex hormone, 21, 173-221.

235



Vol.

hw

® N oo

©

10.

11.

12.

13.

14.

15.

186, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Li, J.J. and Nandi S. {1990) in Principles and Practice of Endocrinology and
metabolism (K.L. Becker ed.) pp. 1643-1647, JB Lippincott Co., Philadelphia.
Kirkman, H. (1959} J. Natl. Cancer Res. Mongr. 1, 1-59,

Hunter, T. (1989) in Oncogenes and the Molecular Origins of Cancer (ed. R.A.
Weinberg) pp.147-173, Cold Spring Harbor Laboratory Press.

Yarden, Y. and Ullrich, A. {1988) Biochemistry, 27, 3113-3119.

Olson, J.W. (1985} J. Cellular Biochem. 27, 175-180.

Roy, D. and Liehr, J.G. {1990} Carcinogenesis, 11, 567-570.

Tamura, S., Suzuki, Y., Kikuchi, K., Hatayama,, ., Sato, K., Hirai, R., Tsuiki,
S. Arch. Biochem. Biophys. (1988) 265, 373-380.

Schemer, J., Adamo, M., Wilson, G.L., Haffez, D., Zick, Y, and LeRoith, D.
(1987) J. Biol. Chem. 262, 15476-15482.

Braun, S., Raymond, W.E., and Racker, E. {1984) J. Biol. Chem. 259, 2051-
2054.

Cooper, J.A., Sefton, B.M., and Hunter, T. (1983) Methods Enzymol. 99, 387-
402,

Kadowaki, T., Koyasu, S., Nishida, E., Tobe, K., Izumi, T., Takaky, F., Saito,
H., Yahara, |. and Kasuga, M. J. Biol. Chem. 262, 7342-7350.

Freiss, G., Rochefort, H. and Vignon, F. (1990) Biochem. Biophys. Res.
Commun. 173, 919-926.

Hennipman, A., van Oirschot, B.A., Smits, J., Rijksen, G. and Staal, G.E.J.
(1989) Cancer Res. 49, 516-521.

Liehr, J.G., Chiappetta, C., Roy, D. and Stancel, G.M. {(1992)
Carcinogenesis 13, In Press.

236



