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Abstract. Tyrosine hydroxylase (TH) and cytosol fractions from human mammary car-
cinoma and malignant melanoma cells bind 178-[*H]estradiol with strong affinity. Sucrose
density gradients suggested differences between the binding of 178-[*H]estradiol to TH and
melanoma cell cytosol compared with the binding of the estrogen to mammary carcinoma.
Monoclonal antibodies secreted by cloned cell hybrids which were formed by the fusion of
murine myeloma cells with spleen cells from BALB/c mice immunized with purified TH
inhibited the enzymatic activity and the binding of 178-[*H]estradiol to TH or to cytosol
fractions of melanotic melanoma cells, but had no effect on 178-[*H]estradiol binding to
cytosol fractions from various mammary epithelial or carcinoma cell lines. Cultivation of
estradiol-responsive melanotic melanoma cells in media supplemented with the TH
antibodies produced loss of pigmentation, and the cells became amelanotic and nonrespon-
sive to 17B-estradiol. The results indicate that tyrosine hydroxylase of melanotic melanoma

cells is an estrogen-binding protein.

Malignant melanomas have been claimed
to have cytoplasmic estrogen receptors as
determined by means of Scatchard analysis
of estrogen-binding data and a specific re-
lationship has been suggested between es-
trogen and melanoma (1, 2). Therefore the
specific question which led to the present
investigation was the relation between
estradiol-binding proteins in cytosol frac-
tions of in vitro cultured human malignant
melanoma cells to the estradiol receptor
(ER) in mammary carcinoma cells.

Tyrosine hydroxylase (TH) is a key en-
zyme in melanogenesis. Using disc electro-
phoresis and melanoma tissue, the enzyme
was shown to exist in multiple molecular
forms (3). In mouse and human tumors the
T, and T, tyrosine hydroxylases are solu-
ble, while T; is a particulate insoluble en-
zyme (4—7).

Melanin, a unifying pigment differentiat-
ing melanomas from other tumors (8),
arises from the oxidation of tyrosine. Mela-
nin biosynthesis is a specific differentiated
function of melanocytes, and tyrosine hy-
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droxylase is a specific enzyme for melano-
genesis in melanotic melanoma cells.

When examined for estrogen receptors,
all tumors which bound 178-3H]estradiol
were melanin producing (melanotic).
Analysis of the apparent estrogen binding
by sucrose density gradients indicated no
distinct 4 S, 6 S, or 8 S peaks which
characterized estrogen-receptor binding
(9), suggesting the presence in melanoma
cells a new estrogen-binding site.

Several investigators have tried to pro-
duce monoclonal antibodies against various
human tumor antigens or markers (10), in-
cluding melanoma (11, 12), neuroblastoma
(13), colon carcinoma (14, 15), and car-
cinoembryonic antigen (16). Monoclonal
antibodies secreted by hybrids obtained
from fusion of murine myeloma cells (17)
and spleen cells from mice immunized with
a membrane-enriched fraction of melanoma
cells had a restricted reactivity toward mel-
anoma cells as assessed by indirect
antibody-binding radioimmunoassay (18,
19). The antibodies secreted by two hybrids
were directed against two different anti-
genic determinants expressed on 15 of the
16 different melanoma cell lines tested (20).

The present studies describe the action of
supernatants from cultures of cloned cell
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hybrids obtained from fusion of murine
myeloma cells with spleen cells of BALB/c
mice immunized with purified tyrosine hy-
droxylase. These supernatants inhibited the
enzyme catalytic activity, and the binding
of 17B8-3H]estradiol to tyrosine hydroxy-
lase. These TH antibodies inhibited 178-
[*H]estradiol binding to cytosol fractions
from melanotic melanoma cells. They had
no effect on either mammary carcinoma or
normal mammary epithelial cells. The TH
antibodies converted melanotic melanoma
to amelanotic cells.

Materials and Methods. Purified
tyrosine hydroxylase (polyphenoloxidase,
Agatius) was obtained from Sigma Chemi-
cal Company, 4000 U/mg and further
purified to give one single band on poly-
acrylamide gel electrophoresis.

Cell lines. a. Human skin fibroblast
(HSF), a diploid cell line, was established
from human skin biopsies as explant from
adults without tumor (21, 22). The fibro-
blast cell line was on its 25th passage, and it
was checked every 2 months for the pro-
duction of the fibroblast growth-promoting
factor.

b. Human normal mammary epithelial
cells were grown on gelled collagen (23). A
basal medium consisting of Hams F12
(GIBCO) supplemented with 10% horse
serum, 5% fetal calf serum, penicillin (100
units/ml), streptomycin (100 pg/ml), am-
photericin B (2.5 pug/ml), and cholera toxin
(0.01 pg/ml) was used to grow the normal
epithelial cells. A solution of 1% col-
lagenase made up in Hanks’ basal salt solu-
tion (HBSS) was used to recover the cells.

c¢. Human malignant melanoma cell lines
HMMC-ShA and HMMC-WIJP were estab-
lished using tumor biopsies as explants
from two male adults, whereas HMMC-
ZBJ cell line was from female adult, histo-
logically proven as malignant melanoma
(24). In the present studies the cell lines
HMMC-ShA, HMMC-WIJP, and HMMC-
ZBJ were in their 151st, 125th, and 105th
passages, respectively, and were examined
at 60-day intervals. All tests for myco-
plasma (25, 26) were negative. The cells
were cultured in Dulbecco’s modified Eagle’s
minimal essential medium (DMEM)

(GIBCO) supplemented with 10% (v/v)
heat-inactivated (30 min, 56°) fetal calf
serum (FCS) and antibiotics (penicillin, 100
units/ml; streptomycin, 100 pg/ml; and
gentamicin, 50 wg/ml) in tissue culture dish-
es (Falcon Plastics, Oxnard, Calif.). Cells
were incubated at 37° in a 5% CO,
humidified air atmosphere. For passage and
at the termination of each experiment, the
cells were detached with 2 mM EDTA in
phosphate-buffered NaCl solution. Cells
were counted and viability was determined
from the proportion of cells excluding 0.1%
trypan blue.

d. Human mammary carcinoma cell
lines HMCC-SE, HMCC-BS, HMCC-GM,
and HMCC-KM were at their 26th, 65th,
85th, 110th, and 116th passage, and were
described in detail in earlier reports (27, 28).

Immunization. Four groups, 10 animals
per group, of BALB/c (10-20 g) female
mice were immunized with purified
tyrosine hydroxylase, cytosol fractions
from cell lines HMMC-ShA and HMCC-
GM, and human albumin (control). A series
of four intradermal injections of the agent,
at multiple sites on the back, were admin-
istered during a 4-week period. The pri-
mary injection, 1.0 ug of the purified en-
zyme, or 1.0 ug of each cytosol protein,
was given as an emulsion in Freund’s com-
plete adjuvant in the right thigh. Booster
injections (1.0 ug of the enzyme or of the
cytosol protein) were given in incomplete
adjuvant.

Forty-eight hours prior to splenectomy,
the mice received an intravenous (through
the tail vein) injection of the immunizing
agent. While anethesized and prior to sple-
nectomy, blood was drawn from each animal
and sera prepared. The sera of each group
were pooled, adsorbed with human fibro-
blasts (1.0 ml serum per 107 cells) three
times, then assayed by immunoprecipita-
tion.

The spleens were removed, and pooled
into their respective groups, then teased
through sterile sieve mesh 80. Spleenocyte
suspensions were prepared and splenic
lymphocytes were separated on Ficoll-
Hypaque columns.

Cell fusion. An equal number of 10° of
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spleen lymphocytes and myeloma (NS1/1)
cells were mixed in DMEM and centrifuged
at 600g for 10 min. The supernatant was
removed, and the cell pellets were carefully
suspended in 1.5 ml of 50% polyethylene
glycol 1500 in DMEM (pH 7.5-7.8) (29).
After the cells were washed with two 3-ml
portions of DMEM, they were incubated
overnight in DMEM containing 20% FCS
and antibiotics, then dispersed in DMEM
containing hypoxanthine (0.1 mM), am-
thopterin (0.4 uM), and thymidine (3 uM)
(HAT) and 20% FCS. Aliquots of each sus-
pension were incubated at 37° in 96-well
Coster plates in a humidified 5% CO,—air
atmosphere. The wells were fed 1 week
later with 100 ul of HAT-free DMEM
supplemented with 20% FCS. Wells that
became acidic 7—14 days after fusion and
contained visible cell clusters were assayed
for anti-tyrosine hydroxylase by the
double-antibody precipitation technique.

Assay for tyrosine hydroxylase (EC
1.10.3.1). The tyrosine hydroxylase activity
in living cells and cytosol fractions was de-
termined from the amount of *H,O released
into the medium during conversion of 1-
{ring-3',5'-*H]tyrosine to dihydroxyphen-
ylalanine according to the well-established
procedures of Oikawa et al. (30) and Pom-
erantz (31).

Determination of melanin. Melanin con-
tent was measured by the colorimetric
method described by Whittaker (32).
Briefly, in duplicate Beckman microfuge
polyethylene tubes 5 X 10° cells were sus-
pended, lysed in 0.5 ml of deionized H,O,
and subjected to cycles of freezing and
thawing. Perchloric acid was added to final
concentration of 0.5 N and the suspension
was kept on ice for 10 min, then centrifuged
for 5 min. After extraction with 0.5 N
HC10, and two extractions with cold ethyl
alcohol—ethyl ether (2:1 v/v) and ether,
pellets were dissolved in 1.0 ml] of 0.55 N
KOH at 100° for 10 min. After centrifuga-
tion the supernatant was cooled to room
temperature, and absorbance at 400 nm was
measured in a Beckman DU 2 spec-
trophotometer. A standard curve was con-
structed using synthetic melanin (Sigma)
dissolved in hot KOH at concentrations

between 1 and 150 wg/ml, which gave a
straight line at 400 nm.

[H)Estradiol binding to tumor cell
cytosols and to purified tyrosine hydroxy-
lase. Estrogen-binding protein content of
tumor cells was determined using standard
methods (33, 34). Briefly, 1.5 ml (108
cells/ml) in Tris: EDTA buffer (10 mM
Tris—HCI:1.5 mM EDTA:1 mM dithio-
threitol:10% glycerol at pH 7.4) was ex-
posed to three cycles of quick freezing—
thawing, then centrifuged at 100,000g for
45 min. The supernatant protein content
was analyzed by means of the Coomassie
dye method. In triplicates, aliquots of 200
wnl containing 100 ul of [3H]estradiol (0.05
uCi, 90 Ci/mmole; final concentration,
0.70 x 107° M), 20 wul of nafoxidine (final
concentration, 1.6 X 107% M), or 20 ul of
the antibodies and 300 ul of buffer were
incubated for 60 min at 4°. One hundred
microliters of 1.5% dextran-coated char-
coal in Tris:EDTA was added, set for 30
min, and then centrifuged. Supernatants
were removed, and radioactivity was de-
termined.

To determine the specific binding pro-
tein, aliquots of 20 ul of (5 x 107 M)
nafoxidine (200:1) or the monoclonal
antibodies or buffer alone was added to
200-ul samples of tumor cytosol, after 30
min at 4°, 100 ul of [*H]estradiol (0.05 n.Ci,
final concentration) was added and incu-
bated at 4° for an additional 90 min. Un-
bound labeled estradiol was removed by
addition of 100 ul of 1.5% solution of
dextran-coated charcoal, then centrifuged
at 5000g. Two hundred microliters of the
supernatants was layered on a linear 10 to
30% sucrose gradient in Tris buffer and
centrifuged at 45,000 rpm for 15 hr in SW-60
Beckman rotor at 4°. Gradients were frac-
tionated by means upward displacement
with 75% glycerol into 40 fractions.
Radioactivity was measured by liquid scin-
tillation counting in a Packard Tri-Carb
Model 3330 with a counting efficiency of
55%. Both *C-labeled bovine serum albu-
min (4.5 S) and gamma globulin (7 S) were
used as molecular weight standards.

The effect of tamoxifen and monoclonal
antibodies. To determine the effect of
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tamoxifen and monoclonal antibodies on
estradiol-binding receptor, tamoxifen (1.25
mM) or monoclonal antibodies (1 ug pro-
tein) were mixed with the cytosol fractions,
[*H]estradiol (0.25 nM) with increasing
concentrations of cold estradiol were
added, and the mixtures were incubated for
16 hr at 4°. Protein-bound and unbound
ligands were separated by centrifugation at
1500 for 10 min in the presence of
dextran-coated charcoal. Radioactivity in
aliquots of the supernatants was then
counted.

Results. Characteristics of human nor-
mal mammary epithelial cells. Human
normal mammary epithelial cells produced
duct-like outgrowth extending into the col-
lagen gel matrix within 4 days after cultiva-
tion in the presence of cholera toxin and
horse serum (Fig. 1). The toxin was in-
cluded in the culture medium to inhibit the
growth of fibroblastic cells (35) and to stim-
ulate epithelial cell proliferation (36). When
plated at high density (1 x 10 cells/cm?) in
conventional monolayer cultures in pres-
ence of cortisol at 10 ug/ml, the cells
showed dome formation (37). Electron mi-
croscopy of the growing cells showed
polarized cells containing many desmo-
somes, microvilli, and cytoplasmic blebs
with tight junctions (Fig. 2). These are
well-established characteristics of mam-
mary epithelial cells ((38), manuscript
under preparation).

[BH)Estradiol binding to purified tyrosine
hydroxylase and cytosol fractions of human
malignant melanoma and mammary car-
cinoma cells. Scatchard analysis of [*H]-
estradiol binding to cytosol from mammary
carcinoma, melanoma cells, and a system
with 10 ug of purified tyrosine hydroxylase
(TH) is presented in Fig. 3. These analyses
were completed by means of multiconcen-
tration saturation analysis using the dex-
tran-coated charcoal analysis (DCCA) of
four mammary carcinoma and three malig-
nant melanoma cell lines. Apparent estro-
gen binding of more than 5 fmole/mg pro-
tein was observed in all the tumor cell
cytosols.

Curve A in Fig. 3, is the plot for [3H]-
estradiol binding to tyrosine hydroxylase.
The plot shows high affinity and resembles

those for melanoma cell cytosols (curve B).
Curve B is a representative plot for [*H]-
estradiol binding to cytosols of malignant
melanoma cell lines. The binding was of
high affinity with K, between 3.1 x 107°
and 1.7 X 107 M. Curve C is a representa-
tive plot for [®H]estradiol binding to
cytosols of mammary carcinoma cell lines.
The data demonstrate one single class of
binding component with K; = 3.9 X 1071 M
and n = 83.8 fmole/mg protein.

Lineweaver—Burk plots for [-[ring-
3',5"-3H]tyrosine hydrolysis by tyrosine hy-
droxylase in presence and absence of
monoclonal TH antibodies. Figure 4 shows
a double reciprocal Linweaver—Burk plot
for the cleavage of 1-[ring-3',5'-*H]tyrosine
by purified tyrosine hydroxylase in the
presence and absence of monoclonal TH
antibodies. The enzyme assayed without
the antibody, was found to have a K,,, (app)
value of 0.05 mM and a Vi, of 2.18 uM
min~! at 23° and pH 7.5 (0.53 ug enzyme/
ml). When monoclonal TH antibodies were
present, the double reciprocal plot gave
the same V,,,, but different K, (app) sug-
gesting that the antibodies were acting as
competitive inhibitors of [*H]tyrosine
hydrolysis. The K; of the monoclonal TH
antibody as an inhibitor was found to be 0.1
ng of protein.

Figure 4B shows a double reciprocal plot
for the cleavage of [*H]tyrosine by tyrosine
hydroxylase from melanoma cell cytosol in
presence and absence of the TH antibodies.
The melanoma—cytosol tyrosine hydroxy-
lase assayed without monoclonal TH
antibody was found to have a K, (app) of
0.11 mM and a V,,, of 1.65 uM min-1 (cor-
rected to correspond to the same amount of
the purified enzyme used in Fig. 4A). When
the monoclonal TH antibody was present,
the double reciprocal plot gave the same
Vax but different K, (app’), suggesting that
the antibody was acting as competitive in-
hibitor of [®H]tyrosine hydrolysis.

Effect of monoclonal TH antibodies on
[3Hestradiol binding, tyrosine hydroxylase
activity, and melanin biosynthesis. The
data in Table I summarize the effect of
monoclonal TH antibodies on 178-estradiol
binding and tyrosine hydroxylase activity
of cytosols from various in vitro-cultivated
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FIG. 1. Phase-contrast photomicrograph of human normal mammary epithelial cells (10° cells) cul-
tured for 6 days in Hams F12 medium containing 10% horse serum, 5% fetal calf serum, 0.01 pg of
cholera toxin per milliliter, and antibiotics as described in text (phase x80).
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F1G. 2. Electron micrographs of human normal mammary epithelial cells cultured for 6 days in
Hams F12 medium containing 10% horse serum, 5% fetal calf serum, 0.01 ug cholera toxin per millili-
ter, and antibiotics as described in text. Magnification x28,000.

human cells. 178-Estradiol binds to tumor
cell cytosols at varying magnitudes, which
varied between 447 + 9 to 1385 and 578 to
848 fmole/mg protein for mammary car-

cinoma and melanoma cells, respectively.
Also, estradiol strongly binds to tyrosine
hydroxylase and to a weaker extent to al-
bumin. The data indicate that monoclonal
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Fi1G. 3. Scatchard plot of [*H]estradiol binding: (A) in a system with 10 ug of purified tyrosine
hydroxylase, and in cytosols of (B) human malignant melanoma and (C) human mammary carcinoma

cells. Experimental details are described in text.

TH antibodies inhibited [*H]estradiol
binding to tyrosine hydroxylase and to
cytosols of melanoma cells, but had no ef-
fect on the binding to cytosols of mammary
carcinoma or of normal epithelial cells.
Tyrosine hydroxylase activity varied
from one melanoma cell line to another,
i.e., from 954 units in melanotic and to 9
units in amelanotic melanoma cells. Mam-
mary carcinoma cells had lower activities,
i.e., 12 to 51 units. The monoclonal TH
antibodies inhibited tyrosine hydroxylase
activities of the melanotic melanoma cells.
Melanin synthesis is a specialized func-
tion of pigment cells and differentiates
melanotic melanoma cells from other tumor
cells. Melanin production varied from one
melanoma cell line to another (0.21 to 1.31
Ago units/10% cells). Skin fibroblasts also
synthesized melanin, but to a much lower
extent. Mammary carcinoma cells and
normal mammary epithelial cells lack the

capacity to synthesize melanin. Mono-
clonal TH antibodies inhibited melanin
synthesis in melanotic melanoma cells.

Effect of tamoxifen and L-DOPA on es-
tradiol binding and tyrosine hydroxylase
activity. The data in Table 1I, summarize
the effect of tamoxifen on 178-[3H]estradiol
binding and tyrosine hydroxylase activity
of cytosols from various in vitro-cultured
human cells. Tamoxifen had statistically
nonsignificant effect on [*H]estradiol bind-
ing and tyrosine hydroxylase activity of
cytosols from malignant melanoma cells
and on purified tyrosine hydroxylase. On
cytosols from human mammary carcinoma
and epithelial cells, tamoxifen caused 73 to
85 and 94 to 98% inhibition of [*H]estradiol
binding, respectively.

Addition of L-DOPA to incubation mix-
tures containing tyrosine hydroxylase pro-
duced 79 and 82% inhibition of the ob-
served binding of estradiol and enzymatic
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FiG. 4. Lineweaver—Burk plots for 1-[ring 3’,5'-*H]tyrosine in the presence and absence of
monoclonal TH antibodies. (A) Purified tyrosine hydroxylase (40 pg): [*H]tyrosine without mono-

clonal antibodies (—) and with 0.1 g monoclonal TH antibodies (—- —- — ). (B) Tyrosine hydroxylase
from cytosol of malignant melanoma cells (40 pg protein): [*H]tyrosine without monoclonal TH-
antibodies (—), and with 0.1 ug monoclonal TH-antibodies (—-—-— ). The experiments were per-

formed as described in text.

activity, respectively. L-DOPA caused 76 to
89 and 78 to 92% inhibition of the observed
binding of estradiol and tyrosine hydroxy-
lase activities of three melanotic melanoma
cell lines. L-DOPA had no apparent effect
on estradiol binding to amelanotic mela-
noma or to mammary carcinoma cell
cytosols (Table II).

Effect of monoclonal antibodies from
various cloned cell hybrids on [*H)estradiol
binding to cytosols of human cell lines. The

data in Table III, summarize the effect of
various monoclonal antibodies secreted by
certain cloned cell hybrids on [3H]estradiol
binding to cytosols of human cells.

Two cloned cell hybrids Hy-7 and Hy-7,
which were produced from fusion of murine
myeloma cells with spleen lymphocytes of
animals preimmunized with tyrosine hy-
droxylase and with cytosols of melanoma
cells, inhibited [3H]estradiol binding to
tyrosine hydroxylase and to cytosols of
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TABLE II. EFFECT OF TAMOXIFEN AND L-DOPA oN ESTRADIOL BINDING AND TYROSINE HYDROXYLASE
(PERCENTAGE INHIBITION)

Tamoxifen L-DOPA
Estradiol Tyrosine Estradiol Tyrosine
Binding ligand binding” hydroxylase® binding hydroxylase
Tyrosine hydroxylase 2.5+0.1 1.9 + 0.1 79+ 6 82 +7
Cytosol fraction from
HMMC-ShA 4.7x0.2 8.9+ 0.7 85 7 87 +8
HMMC-WJP 3.5+0.2 3.1 +£0.2 76 £ 6 78 £ 6
HMMC-ZBJ 6.8 0.3 6.2 =0.2 89 +9 92 +9
HMMC-SR 1.1 £0.1 1.2 +0.2 2.1 £0.1 2.4+0.2
HMCC-GM 8572 1.3 0.1 8.7x08 ND
HMCC-BS 79 £6.9 6.9 = 0.1 6.8 +04 ND
HMCC-KM 81 7. 1.7 = 0.1 6.5 0.3 ND
HMCC-SE 79 +6.0 1.1 =0.1 6.9 0.3 ND
HNMEC-1 97 = 8.8 ND 126 = 1.1 ND
HNMEC-2 94 + 8.7 ND 9.8 0.9 ND
HNMEC-3 98 + 9.1 ND 15.7+1.3 ND
HSF 2.1 0.1 8.7+ 0.1 76 + 6.8 82+73

Note. HMMC, HMCC-, HNMEC-, and HSF indicate malignant melanoma, mammary carcinoma, normal

mammary epithelial, and skin fibroblasts, respectively.

“ Monitored by fmole bound/mg protein.
® Monitored by 3H,O formed cpm/hr/10° cells.

¢ The data are presented as percentage inhibition + SD of three separate experiments. Each was carried out in

duplicates.

melanoma cells. The two antibodies had no
effect of the estrogen binding to cytosols of
normal mammary epithelial or mammary
carcinoma cells. The antibodies secreted by
Hy-24 (a cloned cell hybrid from fusion of
the murine myeloma cells with spleen lym-
phocytes of animals preimmunized with
cytosols of melanoma cells) inhibited estro-
gen binding and tyrosine hydroxylase ac-
tivities of the immunizing cells, i.e.,
HMMC-ShA cells.

Fusion of the murine myeloma cells with
spleen lymphocytes from animals im-
munized with cytosols of mammary car-
cinoma HMCC-BS cells formed three
cloned cell hybrids (Hy-9, Hy-32, and
Hy-58) that produced antibodies. Anti-
bodies from Hy-9 inhibited estradiol bind-
ing to cytosols of the immunizing cells,
i.e., HMCC-BS. The antibodies from Hy-
32 strongly inhibited and reduced the es-
trogen binding to cytosols of the four mam-
mary carcinoma cell lines and of normal
mammary epithelial, respectively. Anti-
bodies from Hy-58 reduced equally estro-
gen binding to cytosols of both normal
mammary epithelial and mammary carcino-

ma cells. Therefore, these experiments
showed the following:

1. Monoclonal tyrosine hydroxylase
antibodies inhibited estradiol binding to
cytosols from various melanotic melanoma
cell lines, but had no effect on the estradiol
binding to cytosols of mammary carcinoma
cells.

2. In malignant melanotic melanoma
cells, there are at least two antigenic de-
terminants, one specific to the cell cytosol
immunizing the animal, and the other com-
mon to the four melanoma cell lines. Nei-
ther antibodies had any effect on the es-
tradiol binding to cytosols of mammary
carcinoma. Both antibodies inhibited es-
trogen binding to purified tyrosine hydrox-
ylase.

3. In cytosols of the mammary carci-
noma, there are at least three antigenic
determinants, one specific to the immuniz-
ing cell, the second common to the four
mammary carcinoma cell lines, and the
third cross-reacted with normal mammary
epithelial cells.

Effect of L-DOPA and monoclonal TH
antibodies on melanotic melanoma cell
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TABLE IIl. EFFECT OF VARIOUS MONOCLONAL ANTIBODIES ON [*H]ESTRADIOL BINDING

Monoclonal antibodies from cloned hybrids

Binding ligand Hy-7 Hy-7’ Hy-24 Hy-9 Hy-32 Hy-58
Human albumin 2.7x0.1 2.5 =0.1 14 £ 0.8 11x1.5 8407 9.3+0.8
Tyrosine hydroxylase 98 + 6 9 =7 35+4 4.5+0.1 2.9 +0.1 56+0.2
Cytosol fraction from

HMMC-ShA 89 +5 94+ 8 93 =8 3.7 +0.1 6.5+0.4 9.2 +0.8
HMMC-WJP 92 =6 9% + 9 153 54+03 7.4 +0.8 8.3+09
HMMC-ZBJ 87 6 92 +8 122 9.2 +08 4.6 +0.2 7.9 0.5
HMMC-SR 82 +7 91 + 8.6 = 0.9 7.5+06 3.1+0.2 2.8 0.1
HMCC-GM 4.7+0.2 34=0.1 6.9 +0.5 17 £2.5 89 +73 37 £2.7
HMCC-BS i1 £0.7 8.1+0.3 10 = 0.6 98 = 8.3 96 = 8.2 29 +3.1
HMCC-KM 6.9 0.3 4.7+0.2 7.5+0.5 11 =0.9 94 +9.2 3428
HMCC-SE 9.3x0.38 5.1+0.2 9.3+04 9.6 = 0.8 92 +9.1 19 2.0
HNMEC-1 3.6 0.1 2.5+0.1 3.5 0.1 12+0.9 9.4 +0.4 25 0.1
HNMEC-2 4.8 = 0.1 5.7+0.1 83+04 10 = 0.7 7403 2924
HNMEC-3 6.7 = 0.1 7.1+03 11 +0.9 8.6 = 0.6 6.4 +04 17 0.8
HSF 78 +6.3 85+72 13 0.9 7.3+03 5.8 +0.1 9.6 + 0.8

Note. The cloned hybrids were produced from fusion of mouse myeloma cells with spleen lymphocytes of ani-
mals preimmunized with: tyrosine hydroxylase (Hy-7), with HMMC-ShA (Hy-7', Hy-24), and with HMCC-BS
(Hy-9, Hy-32, Hy-58). The effect was monitored by the binding of [*H]estradiol. The data are presented as per-
centage inhibition = SD of three separate experiments. Each was carried out in duplicates.

lines. Parallel cultures of melanotic mela-
noma cell lines (HMMC-ShA, HMMC-
WIP, and HMMC-ZBIJ) were cultivated in
DMEM supplemented with fetal calf serum
and with either monoclonal TH antibodies
(0.5 ug protein/ml) or L-DOPA (10 pg/ml).
At 72-hr intervals, the time of feeding,
aliquots of each culture were examined for
estradiol binding, tyrosine hydroxylase ac-
tivity, and melanin production. The data
summarized in Table 4 indicate that culti-
vation of melanotic melanoma cells in cul-
ture media supplemented with either
monoclonal TH antibodies or L-DOPA, de-
creased (18 and 32%) [3H]estradiol binding
to the cytosols. If the cells were carried on
in such culture media, the ability to bind
estradiol decreased progressively to 9—27
and 8—10 fmole/mg protein, respectively.
Simultaneous decrease occurred in cytosol
tyrosine hydroxylase activities, and mela-
nin biosynthesis. These changes did not
occur in control cultures carried on in par-
allel in the standard culture medium. This
transformation of melanotic to amelanotic
state induced by monoclonal tyrosine hy-
droxylase antibodies and by L-DOPA con-
stitute the second major finding of the de-
scribed studies. Aside from the possibility

that continuous inhibition of tyrosine hy-
droxylase could suppress the synthesis of
both the enzyme and melanin, the mecha-
nisms of this transformation are under cur-
rent investigation.

Immunoprecipitation reaction with anti-
sera and monoclonal antibodies. Table V
summarizes the highest dilution of the anti-
serum or of the monoclonal antibody which
formed precipitate with the immunizing
agent. It indicates:

1. Human albumin formed precipitin
when reacted with 1:64 dilution of serum
from animals immunized with albumin,
and with 1:2 dilution of sera from animals
immunized with tyrosine hydroxylase, and
with cytosols of HMMC-ShA or HMcc-GM
cells. But, when reacted with monoclonal
antibodies, albumin formed no precipitin.

2. When reacted with purified tyrosine
hydroxylase, sera from animals immunized
with tyrosine hydroxylase and cytosols of
HMMC-ShA or HMCC-GM formed pre-
cipitin at 1:128, 1:64, and 1:4 dilutions,
whereas, monoclonal antibodies from
Hy-7, Hy-7', Hy-24, and Hy-9 formed pre-
cipitin at 1:256, 1:128, 1:4, and 1:4 dilu-
tions, respectively.

3. When reacted with cytosols of mela-
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noma cells, sera from animals immunized
with tyrosine hydroxylase and cytosols of
HMMC-ShA or HMCC-GM formed pre-
cipitin at 1:128, 1:128, and 1:16 dilutions.
Whereas monoclonal antibodies from Hy-7,
Hy-7’, and Hy-24 formed precipitin at
1:128, 1:32, and 1:256 dilutions, respec-
tively.

4. When reacted with cytosols of mam-
mary carcinoma cells, sera from animals
immunized with tyrosine hydroxylase and
cytosols of HMMC-ShA or HMCC-GM
formed precipitin at 1:16, 1:16, and 1:128
dilutions. Whereas, monoclonal antibodies
from Hy-24, Hy-9, Hy-32, and Hy-58
formed precipitate at 1:4, 1:4, 1:128, and
1:256 dilutions, respectively. Therefore
monoclonal antibodies from Hy-7 and
Hy-24 formed precipitin with tyrosine hy-
droxylase and cytosol of melanoma cells
HMMC-ShA, indicating immunological
similarities.

Discussion. A major finding, obtained
from the described experiments, was that
using purified tyrosine hydroxylase as the
immunogen, only 2 out of 40 cloned cell
hybrids produced supernatants that inhib-
ited (by competitive inhibition) the enzyme
catalytic activity of the purified enzyme as
well as that of cytosols from three melanot-
ic melanoma cells. The results indicate that
both enzymes have similar active center.
Simultaneously, these same supernatants
inhibited [3H]estradiol binding to both the
purified enzyme and the cytosols of
melanotic melanoma cells, but had no effect
on estradiol binding to cytosols of either
mammary carcinoma or normal mammary
epithelial cells. These results indicate the
specificity of the antibody to tyrosine hy-
droxylase as a protein that binds estradiol,
and not to other protein receptors for es-
tradiol that are present in neoplastic and
normal mammary epithelial cells. Further
studies are in progress to define the relation
between estrogen-binding site and the en-
zyme active center.

Hybridomas secreting anti-melanoma
antibodies to cultured and freshly derived
cells (35, 36), to cell surface antigens of
human malignant melanoma (37), to rat
mammary carcinoma (38), and to human
estrogen receptor (39) have been produced
in several laboratories. These monoclonal

antibodies provided a basis for a simple
immunoradiometric determination of estro-
gen receptors in human breast cancers and
in identifying various antigens on the mela-
noma cell membrane.

There is close similarity between the
binding of estradiol to purified tyrosine hy-
droxylase and to cytosols of melanotic mel-
anoma. The use of monoclonal antibodies
revealed differences in the kinetics of the
two activities. The data suggested struc-
tural differences possibly attributed to the
presence of isozymes, further studies are in
progress.

Similar to monoclonal tyrosine hydroxy-
lase antibodies, L-DOPA (L-8-3,4-dihy-
droxyphenylalanine), a specific inhibitor
of tyrosine hydroxylase, inhibited estra-
diol binding to the purified enzyme and
to cytosols of melanotic melanoma cells,
with no effect on the binding of the estrogen
to cytosols of either normal mammary
epithelial or mammary carcinoma cells.

Using cytosols of mammary carcinoma
as the immunogen, at least 3 out 40 cloned
cell hybrid cells produced supernatants that
inhibited [*H]estradiol binding to cytosols
of mammary carcinoma. One of these three
supernatants inhibited {*H]estradiol binding
to cytosols of normal mammary epithelial
cells, but none of these supernatants had
any effect on the estrogen binding to
cytosols of melanotic melanoma cells or to
purified tyrosine hydroxylase. These active
supernatants differed in their effects on
cytosols of various mammary cell lines.
The results indicated, at least in cytosols of
human mammary carcinoma, there is a het-
erogeneous population of antigenic deter-
minants, some of which are shared with
cytosols from other mammary carcinoma
and normal mammary epithelial cell lines.

Tamoxifen (1-(4-8-dimethylaminoethoxy-
phenyl)-1,2-diphenylbut-1-ene) is an estrogen
antagonist. On the estrogen responsive
human mammary carcinoma cell line,
MCF-7, tamoxifen exerted its effects via
the specific estrogen receptor proteins
(39—41). Estradiol and tamoxifen are mu-
tually competitive for the binding in DMBA-
induced rat mammary carcinoma, and they
bind to the same number of binding sites,
i.e., to the classical cytoplasmic estro-
gen receptor sites (42). Tamoxifen inhib-
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ited [*H]estradiol binding to the estrogen
receptor in a dose-dependent manner, but
with an affinity considerably lower than
that of estradiol (43—-46). The present
studies showed that tamoxifen had no effect
on [®H]estradiol binding to either cytosols
of melanotic melanoma cells or to the
purified tyrosine hydroxylase.

Tamoxifen and L-DOPA were used in
parallel experiments. The results indicated
that tamoxifen inhibited [3*H]estradiol
binding to cytosols of human mammary
carcinoma but not to cytosols of melanotic
melanoma cells. Whereas, L-DOPA inhib-
ited [*H]estradiol binding to cytosols of
melanotic melanoma, but not to cytosols of
mammary carcinoma cells. These experi-
ments showed that cytosols of mammary
carcinoma and melanotic melanoma cells
differed in their (®*H]estradiol-binding sites.

Using well-established standard tech-
niques, the normal epithelial mammary
epithelial cell cultures were free of myco-
plasma and bacterial contamination. Density
gradients were constructed with solutions of
Ficoll, and were used to examine for contam-
ination with fibroblasts. When mixtures of fi-
broblasts and epithelial cells (2 X 10%) were
centrifuged on the gradients for 10 min at
8160g only epithelial cells were recovered
at the 1.065—1.085 g/ml interface zone.
Whereas, the fibroblasts were recovered at
the upper 1.025-1.050 g/ml zone. More
than 98.7% of the normal mammary epithe-
lial cell cultures were recovered at the
epithelial cell zone (manuscript under prep-
aration).

Aliquots of melanotic melanoma cells
were cultured in parallel in (A) DMEM, (B)
DMEM supplemented with monoclonal
tyrosine hydroxylase, and (C) DMEM
supplemented with L-DOPA. All the three
cultures were incubated in the same in-
cubator with 5% CO, humidified sterile air,
fed at the same time and with the same vol-
ume of their nutrients, and they were split
at the same time and at the same propor-
tion. All the three types of cultures main-
tained approximately the same doubling
time. The A culture remained melanotic,
responsive to estradiol, and their cytosols
maintained [3H]estradiol-binding capacity
and tyrosine hydroxylase activities. The B

and C cultures became amelanotic and non-
responsive to estradiol and their cytosols
did not bind [®*H]estradiol and had statisti-
cally nonsignificant tyrosine hydroxylase
activities. Therefore, at least in human
melanotic melanoma, there is a direct cor-
relation between tyrosine hydroxylase,
melanogenesis, i.e., differentiation, and
estrogen responsiveness and binding
capacities.
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