nitrocellulose by the Southern blot meth-
od, and probed with nick-translated plas-
mid pPC106 (which contains the 3.2-kb
Pvu II fragment of streptococcal DNA
from plasmid pPC101) (Fig. 4). This
probe hybridized to three Hae III frag-
ments in the four genomic streptococcal
DNA'’s examined (Fig. 4, lanes 1, 4, S,
and 8). The two smaller fragments (1.25
and 0.3 kb) appeared identical; however,
the 1.9-kb Hae III fragment from M*
cells was slightly, but reproducibly, larg-
er than that from M~ streptococci (Fig.
4, lanes 4 and 5). Analysis of Pvu Il
digests also revealed a shortened Pvu II
fragment (the 3.2-kb fragment from M™*
cells and pPC101) in DNA’s from M~
cells (data not shown). This difference
was estimated to be about 50 base pairs
(bp). Moreover, since the 1,9-kb Hae III
fragment of plasmid pPC101 was identi-
cal to that in genomic DNA from strains
CS24 and CS44 (Fig. 4, lanes 4, 8, and 9),
we concluded that the DNA deletion that
produced pPC101 from the original
pPC37 clone did not involve these partic-
ular DNA sequences.

Further analysis of Hae III-Pvu II
double-digestion products revealed that
a deletion of DNA was most likely re-
sponsible for the 50-bp difference ob-
served between M* and M~ genomic
DNA’s. Since both the Hae III and
Pvu Il fragments were shorter in M~
DNA'’s, we reasoned that an inversion
should change the orientation of one
Hae III site relative to one of the two
Pvu II sites demarking the 3.2-kb Pvu II
fragment (Fig. 2). If an inversion had
occurred, then Hae III-Pvu II digests of
DNA from M~ and M* cells would dif-
fer, and Pvu II would not cleave the
1.85-kb Hae III fragment from M~ cells.
Pvu II cleaved that fragment identically
in both M~ and M™ DNA (Fig. 4, lanes
2, 3, 6, and 7). Therefore, we concluded
that the M~ phenotype in strains CS46
and CS64 did not arise from a DNA
inversion but was probably the result of
similar deletions within or adjacent to
the M-pratein structural gene.

Numerous traits of hemolytic strepto-
cocci exhibit phenotypic variation con-
comitant with changes in M protein syn-
thesis. Capsule formation (2), SCFI ac-
tivity (3), immunoglobulin G Fc receptor
expression (20), and serum opacity activ-
ity (2, 20) are a few examples. Strains
CS46 and CS64, in contrast to their M™*
parent strains, lack hyaluronic acid cap-
sules and SCFTI activity (27). The pleio-
tropic nature of the event that created
these M~ mutants suggests that the
genes responsible for these phenotypes
might be under coordinate control, pos-
sibly as a virulence operon. This hypoth-
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esis is consistent with data showing that
the M~ variants contain a deletion in the
restriction fragment that includes the
amino-terminal end of the M-protein
gene. Since two independent M~ vari-
ants harbor these small deletions, which
are pleiotropic and map in a common
355-bp segment of DNA (21), we postu-
late that they identify a programmed
regulatory switch. Comparisons of the
nucleotide sequences of the M12 gene
and adjacent DNA with those from M~
variants and the M6 gene (22) should
help clarify the mechanisms of antigenic
variation exhibited by this important hu-
man pathogen.
JONATHAN G. SPANIER
S. J. C. JOoNES
PaTrick CLEARY
Department of Microbiology,
University of Minnesota,
Minneapolis 55455
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Scintigraphy of Normal Mouse Ovaries with Monoclonal
Antibodies to ZP-2, the Major Zona Pellucida Protein

Abstract. The zona pellucida is an extracellular glycocalyx, made of three sulfated
glycoproteins, that surrounds mammalian oocytes. Parenterally administered mono-
clonal antibodies specific for ZP-2, the most abundant zona protein, localize in the
zona pellucida. When labeled with iodine-125, these monoclonal antibodies demon-
strate a remarkably high target-to-nontarget tissue ratio and provide clear external

radioimaging of ovarian tissue.

The advent of monoclonal antibodies
has markedly improved the ability of
external radioimaging techniques to lo-
cate tumors (I, 2) and to identify certain
noncancerous diseases (3). However,
the success of these studies is highly
dependent on the concentration and dis-
tribution of the antigen recognized by the
antibody. Many monoclonal antibodies
detect antigens only when the latter are
present in at least 10* or 10° copies per
cell, and most cancer-associated anti-
gens are present in targeted as well as
nontargeted tissue. This lack of specific-
ity has hampered the usefulness of such
antibodies for immunoscintigraphy.
Much better radioimaging might be ex-
pected for tumor-specific antigens, as
has been reported with anti-idiotypic
antibodies in B-cell leukemias (4), or for

normal tissue antigens that are found
exclusively in a particular organ (5, 6).
During growth and development,
mammalian oocytes synthesize and se-
crete an extracellular zona pellucida
(ZP). Each murine ZP is composed of
three sulfated glycoproteins known as
ZP-1, ZP-2, and ZP-3, which have mo-
lecular weights of 185,000, 140,000 and
83,000, respectively (7, 8). The ZP has
three apparent functions: (i) mediation of
species-specific sperm binding at the
time of fertilization, (ii) blockage of post-
fertilization polyspermy, and (iii) protec-
tion of the preimplantation embryo as it
passes down the oviduct (9). ZP-3 com-
poses 19 percent of the ZP mass and may
be the species-specific sperm receptor
(10). ZP-2, which makes up almost 50
percent of the ZP, is biochemically modi-
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fied in conjunction with the postfertiliza-
tion block to polyspermy (/1). As yet,
ZP-1 has no known function.

We recently developed a battery of rat
monoclonal antibodies specific for mu-
rine ZP-2 (6) and ZP-3 (12). These immu-
nological reagents have been used to
demonstrate that the ZP proteins are
immunologically distinct from other
extracellular matrix proteins. In addi-
tion, it appears from indirect immunofiu-
orescence studies that the ZP proteins
are found only in ovarian tissue and,
within the ovary, only in the ZP sur-
rounding growing oocytes (6). These re-
sults suggest that an appropriately la-
beled monoclonal antibody to ZP might,
after parenteral administration, localize
in ovarian tissues. Furthermore, the high
concentration of the ZP proteins may
provide high target-to-nontarget tissue
ratios for immunoscintigraphy. The use
of rat monoclonal antibodies to a mouse
antigen is analogous to the use of heter-
ologous antibodies in clinical diagnostic
immunoscintigraphy.

Several rat monoclonal antibodies to
mouse ZP have been isolated and chro-
matographically purified. One cell line,
IE-3, secretes an immunoglobulin G,,
(IgG,,) antibody that specifically immu-
noprecipitates ZP-2 (Fig. 1A). Binding
studies with ovulated eggs demonstrate
that antibody to ZP-2 has a dissociation
constant of 2 X 107'°M and binds to
1.3 x 108 sites, or approximately 2 per-
cent of the ZP-2 molecules per ZP (6).
Six-week-old female NIH Swiss mice
were parenterally injected with 250 pg of
this monoclonal antibody and killed after
6 days. In frozen ovarian sections
stained with rhodamine-conjugated anti-
body to rat IgG we observed that the
monoclonal antibody to ZP-2 had local-
ized in the ZP surrounding oocytes (Fig.
1C).

The vasculature of the normal ovary
may have greatly facilitated localization
of the antibodies to ZP-2 in the ZP in
situ. The ovaries receive approximately
0.2 percent of the cardiac output—an
amount exceeded on a weight basis only
by the kidneys (/3). The ovarian capil-
lary system penetrates the thecal layers
of the growing follicles, but goes no
farther than the basement membrane
that encloses the granulosa cells sur-
rounding the maturing oocytes. Nutri-
ents and larger macromolecules must
pass from the capillaries to the oocyte by
passive diffusion through the semiperme-
able ZP. This process is facilitated, par-
ticularly for macromolecules, by the high
permeability of ovarian capillaries (/3).
Thus the vascularization of the normal
ovary may resemble that of tumors, and
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2.7 pCi into each of 15 female and two
male NIH Swiss mice. Groups of three
females were Killed at different intervals
and the amount of radioactivity in vari-
ous tissues was determined (Fig. 2A).
Initially there was a great deal of radio-
activity in the liver, gastrointestinal

this may, in part, account for the suc-
cessful localization of antibodies to ZP-2
in the ovarian ZP.

To investigate this phenomenon, we
labeled purified monoclonal antibody
with radioiodinated Bolton and Hunter
reagent (6) and injected approximately

Fig. 1. (A to C) Manoclonal antibodies specif-
ic for ZP-2. (A) Mouse ZP-2 monoclonal anti-
bodies from rat cell line 1E-3 were chromato-
graphically purified (6) and used to immuno-
precipitate  '*’I-labeled ZP's. Reaction
mixtures contained S0 pg of 1E-3 antibody
and 2.7 X 10° count/min of '*’I-labeled ZP’s
in a final volume of 100 pl of phosphate-
buffered saline containing 1 percent Triton X-
100, bovine serum albumin (1 mg/ml), and 1
mM phenylmethylsulfonyl fluoride (6). The
mixtures were incubated for 2 hours at 20°C;
then 20 ul of sheep antibody t6 rat IgG was
added and the incubation was continued for
16 hours at 4°C. Samples were washed, solubilized, and analyzed by 10 percent sodium dodecyl
sulfate—polyacrylamide gel electrophoresis. After being fixed in 10 percent trichloroacetic acid,
10 percent acetic acid, and 30 percent methanol for 1 hour, the gels were dried and exposed to x-
ray film (6). Lane 1 shows the '*’I-labeled ZP’s before immunoprecipitation; lane 2, immuno-
precipitation with 50 pl of control ascites fluid; and lane 3, immunoprecipitation with the ZP-2—
specific monoclonal antibody from the 1E-3 cell line. (B) NIH Swiss female mice were injected
intraperitoneally with 250 pg of monoclonal antibody to ZP-2 in phosphate-buffered saline. Six
days later the mice were killed and frozen sections of their ovaries were obtained and stained
with methylene blue. Oocytes in various stages of maturation are visible along with their
surrounding ZP’s. (C) An affinity-purified, rhodamine-conjugated (Jackson Immunoresearcly)
rabbit antibody to mouse IgG was used with a Zeiss Photomicroscope III equipped - for
epifluorescence (6) to detect monoclonal antibodies to ZP-2. Animals injected with control
ascites fluid did not show fluorescent staining of their ovaries.

A 1 2
ZP-1C
ZP—2!_

ze-o[ I

1
o A _
i
5 | T B
-
x 4
< [
€ 80 3.0 2
©
: : :
3 'g (o]
° -
o p ! fel - ’L
~ -
> c
T 60 | ©
3 o £
- [ o
= - 20} ®
c © E
© - 2 o
3 E I
c -
2 40 } ° - o
5 ® e
c ® Ovaries g -
o —-—
€ - OlLiver € o
° mKidneys $ 1.0 =
[}
% aHeart ° o
Y 20 o o €
a Uterus £ ]
T 2 e 2o
™ - @ > c © h
o - w = =1 Y c =
b4 o @ ST oc e o 22
o o 2 Qwecv T2 S g
2223 ¥ad <
-

4 8 12 16 20
Days

Fig. 2. Localization of '*’l-labeled rat monoclonal antibody to mouse ZP-2 in the ovary. (A)
Chromatographically purified monoclonal antibodies to ZP-2 were labeled with '*’I-labeled
Bolton and Hunter reagent, desalted on a PD-10 (Pharmacia) column equilibrated with 0.1
percent gelatin in phosphate-buffered saline, and dialyzed against H,O and used immediately
(6). Fifteen 3-week-old female Swiss mice were each injected with 2.7 nCi (6.0 x 10* cpm/pg)
of '%I-labeled monoclonal antibody. Sets of three mice chosen arbitrarily were killed on days 4,
7, 10, 14, and 22. Tissues were dissected out and counted in a Multi-Prias Auto Gamma System
(Packard) with 70 percent efficiency. The mean number of counts for the three animals is
presented at each time point; standard errors are shown where large enough to indicate. (B) A
more extensive dissection was carried out on the animals killed day 22. Total body retention
was 3.0 percent of the injected dose.
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tract, and heart, but by day 10 radioac-
tivity had declined to less than 0.2 per-
cent of the administered dose. However,
the amount of radioactivity in the ovaries
remained high during the entire 22-day
period, ranging from 3.9 to 11.4 x 10*
count/min. The variability may have
been due to variations in the pharmaco-
kinetics of antibody metabolism or to
different numbers of mature oocytes in
outbred strains of mice. However, after
day 4 the relative distribution in tissues
was fairly constant among animals, with
most of the radioactivity in the ovaries,
followed by the liver, gastrointestinal
tract, heart, and kidneys (Fig. 2A).

The difference in radioactivity be-
tween the ovaries and other tissues was
maximal 22 days after injection (Fig.
2B). Even after this extended period 2.6
percent of the initial 2.7 nCi was still
associated with the ovaries (compared to
0.12 percent in the liver). When compari-
sons are made on the basis of tissue mass
the radioactivity ratio between the two 2-
mg ovaries and the 950-mg liver is partic-
ularly striking. The ovaries contained
1300 percent of the injected dose per
gram of tissue, compared to 0.11 percent
for the liver. This mass ratio between
target and nontarget tissue is considera-
bly greater than ratios reported for the
radioimaging of tumor or normal tissue
antigens with monoclonal antibodies (7,
2).

In addition to the vascular permeabili-
ty of the ovary, the following other fac-
tors may account for our findings: (i) a
high affinity of the monoclonal antibody
for the ZP; (ii) the fact that ZP-2 is found
only in the ovary; (iii) the low rate of
catabolism (/4) of the intraovarian anti-
bodies to ZP, which permitted us to
determine their biodistribution as long as
3 weeks after the initial injection; and
(iv) the high concentration of ZP-2 in the
ZP. In mature oocytes ZP’s contain 5 ng
of protein, of which 47 percent is ZP-2 in
a volume of roughly 2 x 107! liter.
Thus each ZP has approximately 6 x 10°
molecules of ZP-2 at a concentration of
greater than 85 mM; in vitro studies
suggest that at least 2 percent of these
molecules are available for antibody
binding (6). However, the 5000 to 6000
oocytes in each ovary (I5) are at differ-
ent stages of development and have ZP’s
of various thicknesses; therefore the
amount of ZP-2 per ovary is difficult to
estimate.

The two male mice were also killed on
day 22. Although they weighed 27 per-
cent more than their female counter-
parts, they had 37 percent less radioac-
tivity in the composite of their major
organs. This difference could be ac-
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Fig. 3. Ventral gamma camera images of NIH
Swiss mice obtained 22 days after intraperito-
neal injection of approximately 2.7 p.Ci of '*I-
labeled monoclonal antibody to ZP-2. (A)
Female animal with both ovaries clearly visi-
ble. (B) Male animal with only nonspecific
body background activity present. Each im-
age was collected for 30 minutes, integrated
into a 64 by 64 pixel matrix, and interpolated
to a 256 by 256 matrix without computer
smoothing. Spontaneous background was
subtracted to eliminate camera artifacts due
to prolonged imaging times, and both images
were scaled to a common maximum pixel
value. These animals were subsequently dis-
sected and the distribution of radioactivity
among tissues was determined (Fig. 2).

counted for in large part by the lack of
localization of radioactivity in a particu-
lar tissue. The testes contained only 0.03
percent of the injected radioactivity.
However, the males had several times
more background radioactivity in their
other major organs than their female
counterparts. Thus the ovary appears to
trap the '*I-labeled monoclonal anti-
body and may lessen uptake by other
organs.

We performed immunoscintigraphy on
female and male mice on day 22 immedi-
ately after they were killed by using a
gamma camera equipped with a 0.25-
inch pinhole collimator positioned a
standard distance above the ventral sur-
face of each animal. A 20 percent energy
window was centered over the low-ener-
gy gamma and x-rays of '?’I, and the
data (30 minutes per image) were collect-
ed with a digital computer into a 64 by 64
pixel matrix. Because of the excellent
target-to-nontarget tissue ratio, body
background subtraction techniques were
not necessary and no contrast enhance-
ment was used.

The ovaries were clearly visualized in
the female mouse, with other tissue ex-
hibiting only minimal background activi-
ty (Fig. 3). There was no localization of
radioactivity in the male mice, as deter-
mined by scintigraphy or tissue count-
ing. Target-to-nontarget tissue ratios in
the female mice were determined by
computer analysis of the scintiphotos to
be 4.9 and 4.4 to 1.0 for the left and right
ovaries, respectively (an identical area
between the ovaries was used as a repre-

sentative background region). The rea-
sons for the target-to-nontarget ratio be-
ing lower than the ratio obtained from
tissue counting may be the small size of
the ovaries, their dorsal location (result-
ing in attenuation of the low-energy gam-
ma rays by intervening tissue), and the
fact that scattered photons may contrib-
ute to the observed body background
radiation. In addition, a rectangular area
encompassing the ovaries, which neces-
sarily included a minimal background
area, was used for the computer analy-
sis. This decreased the calculated target
radioactivity per unit of area and may
have further contributed to an underesti-
mation of the true target-to-nontarget
ratio.

With the exception of monoclonal
antibodies specific for certain granulo-
cytic surface antigens (4, 5), other mono-
clonal antibodies react with nontarget
tissues, albeit to a lesser extent (/-3, 16).
In contrast, the antibodies to ZP react
only with female germ line cells, and
thus not only have organ specificity but
also cell and sex specificity. These anti-
bodies, or their Fab fragments, should be
excellent vehicles for site-specific deliv-
ery of cancer therapeutic agents or for
localized ablative radiotherapy. Germ
cell malignancies occur primarily in
young women and constitute S percent of
all ovarian tumors (/7). Although it is not
known whether these tumors synthesize
ZP protein, the surrounding oocytes ap-
pear to have normal ZP’s and thus would
serve as a target for the monoclonal
antibodies. The LT/Sv strain of mice,
which has a 50 percent incidence of
spontaneous intraovarian teratomas (/8),
may be useful for testing immunological
delivery of drugs to germ line tumors.
These monoclonal antibodies may also
provide a noninvasive diagnostic tool:
their failure to localize would suggest
abnormal ovarian function. Further-
more, specific binding of the antibodies
to the ZP has been shown to provide an
effective, long-term, reversible block to
fertilization (19).
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Identification of DNA Sequence Responsible for

S5-Bromodeoxyuridine-Induced Gene Amplification

Abstract. Bromodeoxyuridine (BrdUrd) treatment of the prolactin nonproducing
subclone of GH cells (rat pituitary tumor cells) induces amplification of a 20-kilobase
DNA fragment including all of the prolactin gene coding sequences. This amplified
DNA segment, which is flanked by two unamplified regions, thus designates a unit of
BrdUrd-induced amplified sequence. Cloned DNA segments, 10.3 kilobases long,
from the 5' end of the rat prolactin gene of BrdUrd-responsive and -nonresponsive
cells, were ligated to the thymidine kinase gene of herpes simplex virus type 1
(HSVITK), and the hybrid DNA was transferred to thymidine kinase-deficient
mouse fibroblast cells by transfection. The HSVITK gene and the rat prolactin gene
were amplified together in drug-treated transfectants carrying the hybrid DNA
HSVITK gene and rat prolactin gene of BrdUrd-responsive GH cells. These results
suggest that the 10.3-kilobase DNA segment at the 5' end of the rat prolactin gene of
BrdUrd-responsive GH cells carries the information for drug-induced gene amplifi-
cation (amplicon) and that another gene, such as the HSVITK gene, is also
amplified when the latter is placed adjacent to this segment.

Amplification of specific gene se-
quences during normal developmental
processes or in response to cytotoxic
agents are observed in several eukaryot-

ic cell systems (/-4). The exact mecha-
nism of such amplification of specific
genes is not yet clear. A 20-kilobase (kb)
length of DNA including all of the coding

sequences and about 3.5 kb of the 5" end
and about 7 kb of the flanking regions of
the 3’ end of the rat prolactin (rPRL)
gene are amplified in bromodeoxyuridine
(BrdUrd)-treated PRL-nonproducing
(PRL™) GH cells (rat pituitary tumor
cells) (Fig. 1) (5-8). The reversible (8)
nature of the amplification process sug-
gests that BrdUrd treatment of cells gen-
erates a signal either within or in the
immediate neighborhood of the 20-kb
amplified sequences that leads to such
preferential DNA replication in this re-
gion of the chromosome. To substantiate
this concept, we ligated cloned DNA
segments from the neighborhood of the
rPRL gene of BrdUrd-responsive and
-nonresponsive cells to the thymidine
kinase (TK) gene of herpes simplex virus
type 1 (HSVITK) and transferred the
hybrid DNA to thymidine kinase—defi-
cient LMTK™ mouse fibroblast cells by
transfection (9).

The construction of hybrid DNA con-
taining the rPRL and HSVITK gene
sequences is outlined in Fig. 1. Table 1
shows the characteristics of the hybrid
DNA, which carries a constant region
consisting of the HSVITK gene and a
variable region consisting of the 10.3-kb
DNA fragment from the 5’ end of the
rPRL gene of GH cell strains that are
responsive and nonresponsive to
BrdUrd (Fig. 1).

The HSVITK gene does not show
significant sequence homology to the
mouse fibroblast TK gene (Figs. 2 and
3). However, DNA isolated from TK™"
transfectants derived with hybrid DNA
generate positive signals in dot-hybrid-
ization analysis when probed with 3*P-
labeled HSVITK DNA (Fig. 2) (10).
These results suggest that the HSVITK
gene is indeed transferred to mouse fi-
broblast cells. The hypoxanthine-amino-
pterin-thymidine (HAT)-resistant pheno-
type of the transfectants further substan-
tiates that the HSVITK gene is also

Fig. 1. Construction of hybrid DNA with the HSVITK gene and the

rPRL gene 5’ end fragment of PRL"™ and PRL™ GH cells. High
molecular weight DNA (40 ug) (/2) from PRL* (GH;) and PRL™

(F,BGH 2C,) cells were digested with Eco RI, and fragments were
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ABamHI
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separated on a 1 percent low-melting agarose gel. The 11-kb fragments
of the genomic DNA were extracted from the gel and cloned in the

Eco RI site of A Charon 4A (/3). Recombinant phage plaques were
screened for the [**P]JcDNApg; -hybridizable sequences (/4). The 11-
kb DNA insert from the recombinant clones of PRL* and PRL™ GH
cells were then digested with Bam HI and ligated to HSVITK DNA to

generate the hybrid DNA fragments for subsequent transfection. The
HSVITK DNA was released from the recombinant plasmid pBR322-
HSVITK (15) DNA by digestion with Bam HI followed by separation
on | percent agarose gel and extraction (7). The top sketch shows the
amplified (closed area) and unamplified (open area) regions of the

PRL gene and its neighboring sequences in BrdUrd-treated GH cells.

30 kb

1 I L 1

31 AUGUST 1984

The second sketch from the top shows the organization of the rPRL
gene. Closed blocks numbered 1 to 5 are exons, and letters A to D

designate the four introns in the rPRL gene.
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