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Abstract. A human epithelioid cell line (A-431) was tested in parallel with
McCoy fibroblast cells for the growth of trachoma-related serovar A Chla-
mydia trachomatis without centrifugation or cycloheximide addition. A-431
cells were 4-7 times more susceptible to infection with serovar A than McCoy
cells in such unmanipulated cultures. Murine monoclonal antibodies (MAbs)
developed against serovar A were then evaluated for their ability to inhibit
unmanipulated serovar A infectivity of A-431 cells. Two of seven MAbs tested
neutralized infectivity by more than 50%. An IgG2a MAb (2C8) that is specific
for serovar A, and another [gG2a MAb (4E3) that reacts equally with serovars
A and L2 neutralized infectivity of serovar A by 72.2+3.7% and 56.0 £ 5.8%
(mean + SEM of 7 experiments) respectively. Mouse immune serum (MIS)
raised against serovar A elementary bodies (EB) neutralized infectivity of
serovar A by 76.014.9% (meantSEM of 7 experiments). Immunoblot
detection of serovar A EB polypeptides separated by SDS-PAGE indicated
that 2C8 reacted with a 16 kD and 4E3 reacted with a 12 kD polypeptide while
MIS reacted with several polypeptides including the major outer membrane
protein (MOMP). These studies show that the human epithelioid cell line A-
431 is a more susceptible host than McCoy cells in unmanipulated cultures,
and that 2 MAbs neutralize serovar A infectivity of A-431 cells. Identification
of antigenic moieties of importance in unmanipulated chlamydial infections
may help in the development of potential vaccines against trachoma.

Introduction

Chlamydia trachomatis is usually grown in vitro in McCoy [15, 17] or HeLa [8]
cells. While the L2 serovar readily infects these cells, most other serovars,
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especially the ocular serovars A, B and C, require artificial manipulations to
enhance the infection of the host cells. Such manipulations include centrifugation
of the chlamydial inoculum over the host cells, pretreatment of the host cells with
DEAE-dextran [9, 16] and the addition of cycloheximide to the culture medium
[15]. A-431, a human epithelioid cell line originally derived from an epidermoid
carcinoma [4], was tested in parallel with McCoy mouse fibroblast cells for the
growth of trachoma-related serovar A without centrifugation and without the
addition of cycloheximide. Moreover, we have used A-431 cells to test the neutral-
ization of unmanipulated infectivity of serovar A with murine monoclonal anti-
bodies (MAbs) prepared against C. trachomatis serovar A. We describe two MAbs
that neutralized the infectivity of serovar A in A-431 cells by more than 50%.

Material and methods

Growth of cell lines and C. trachomatis stocks. McCoy cells (originally obtained
from Dr. Julius Schachter, Department of Laboratory Medicine, University of
California, San Francisco) were grown in Eagle’s MEM (GIBCO, Grand Island,
NY) supplemented with 109% heat-inactivated fetal calf serum, 290 pg/ml
glutamine, 10 pg/ml gentamicin, 10 units/ml mycostatin, 1 pg/ml fungizone,
3 uM/ml glucose and adjusted to pH 7.2 with 7.5% Na bicarbonate, later referred
to as complete medium/McCoy (CM/M). Cells were passaged every 4-5 days. A-
431 cells (obtained from Drs. C. Stoscheck and R. Gates, Dept. of Biochemistry,
Vanderbilt University and the VA Medical Center) were grown in Dulbecco’s
Modified Eagle’s medium and Ham’s nutrient mixture F-12 (Sigma Chemical Co.,
St. Louis, MQO) supplemented with 5% heat-inactivated fetal calf serum, 50 pg/ml
gentamycin, |1 pg/ml fungizone and 10 units/ml mycostatin (complete medium/
A-431; CM/A). Cells were passaged once every week. C. trachomatis serovar A was
initially grown in McCoy cells in tissue culture flasks and partially purified stocks
of elementary bodies (EB) were prepared as described previously [2].

Infectivity of McCoy and A-431 cells by C. trachomatis serovar A. Cell lines grown in
tissue culture flasks were trypsinized and 2 X 10° cells in 1 ml of their respective CM
were grown on coverslips in shell vials for 18~-24 h. The vials were washed with
Dulbecco PBS, 0.9 ml CM/M or CM/A added and 0.1 ml of stock chlamydia EB
diluted in sucrose-phosphate-glutamate (SPG) buffer (10*-10° IFU/ml) was added
in each of 2 vials. Two uninoculated vials were used as controls. The cultures were
incubated for 48 h at 37°C in 5% CO,. In another set of experiments, 0.1 ml of
inoculum was added directly to the cells, left to be absorbed for 1 h at room
temperature, the inoculum removed by rinsing the cells with PBS, and incubated as
above. At the termination of culture cells were washed with PBS, fixed in absolute
methanol and stained with Giemsa stain diluted 1:25 with phosphate-buffered
water pH 7.0 for 1 h. Coverslips were destained briefly in absolute ethanol,
mounted on clean slides with Permount (Fisher). Each coverslip was examined
microscopically with 100X oil immersion lens and the number of infected cells
(containing inclusion bodies) in 300-600 cells were counted. Percentage infectivity
was calculated as follows: number of infected cells/total cells counted X 100.
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Monoclonal antibodies preparation and purification. Balb/c mice were immunized
with irradiated (100 KiloRad) EB of serovar A in complete Freund’s adjuvant with
two subsequent reexposures. Sensitized spleen cells, 3 days after the last
immunization, were fused with murine myeloma cells 8653 [7] using polyethylene
glycol. After HAT selection, hybridomas were screened for antibodies against EB
of serovar A and L2 by ELISA in microtiter plates [2]. Positive hybridomas were
transferred to 24 well plates, grown to confluency, reassayed by ELISA and
subcloned. Subclones were retested and injected into pristane-treated Balb/c mice
for the production of antibody containing ascites. Purified monoclonal IgG was
obtained by passage of the ascitic fluid through a protein A-sepharose CL-4B
column (Pharmacia, Uppsala, Sweden) as previously described [5]. Specificity of
the purified MAb was tested by ELISA against serovars A and L2 [2] and by micro-
immunofluorescent test as described by Wang [19].

Neutralization assay. The method described by Lucero and Kuo [11] was used, with
some modifications. Briefly, 0.1 ml of purified MADb diluted in Hank’s balanced
salt solution (HBSS) was mixed with 0.1 ml of fresh guinea pig complement (GPC,
5% final concentration) (GIBCQ), 0.7 ml HBSS and 0.1 ml of C. trachomatis EB
diluted in SPG (approximately 10X 10° IFU/ml). Control tubes containing only
GPC and diluted C. trachomatis EB were included in each experiment. Tubes were
incubated for 1 h at 37°C with periodic shaking and 0.1 m! of the mixture was
added to 0.9 ml CM in each of 2 vials containing 2 X 10° A-431 cells grown on
coverslips for 18 h. The vials were incubated at 37°C in 5% CO, without further
manipulations. At 48 h cells were washed with PBS, fixed, stained with Giemsa,
and the number of infected cells was counted as before. Percent neutralization was
calculated as follows: number of infected cells in the absence of MAb-number of
infected cells in the presence of MAb/Number of infected cells in the absence of
MAD X 100. Parallel experiments were done to test the effect of the presence or
absence of GPC on the neutralization of chlamydia with MAb.

Immunoblotting. Immunoblotting was done according to the procedure described
by Towbin et al. [18]. Briefly, purified EB of C. trachomatis were electrophoresed in
12% acrylamide gels in a minigel system (Bio-Rad, Richmond, Ca) and blotted
onto nitrocellulose paper (NCP) (Schleicher & Schuell, Keene, NH) overnight at
4°C. The paper was cut into strips and diluted MAb, MIS, normal mouse serum
(NMS) and OKT3 (an [gG2a class-matched control) (ATCC, Rockville, MD) were
added to the NCP strips in Accutran disposable incubation trays (Schleicher &
Schuell). Bound antibodies were detected by the addition of peroxidase labelled
goat anti-mouse IgG (Tago, Ca). Color reaction was developed by the addition of
4-chloro-l-naphtol (Sigma) and 0.3% H,0,.

Results
Infectivity of C. trachomatis serovar A added to cells without centrifugation or

cycloheximide addition was significantly greater in A-431 cells than in McCoy
cells. The percentage infectivity was 4-7 times more in A-431 human epithelioid
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cells than in McCoy mouse fibroblast cells in repeated experiments using 102-10*
dilutions of serovar A EB stock (Fig. 1). Infectivity of serovar A EB incubated for
1 h and washed was less in both cell lines than when EB were cultured continuously.
Nonetheless, even in these absorption/wash studies A-431 showed higher infectivi-
ty rates than McCoy cells (Fig. 1). Subsequently, in 6 continuous exposure and
4 absorption/wash experiments using a single dilution (10°) of serovar A and A-431
cells the mean percent infectivities ( £ Standard error of the mean, SEM) were
42.5+ 8.1 and 25.3 £ 6.2 respectively.

Neutralization. Two of seven MAbs raised against C. trachomatis serovar A
neutralized unmanipulated infectivity in A-431 cells by more than 50%. The IgG2a
MAb, 2C8, and another IgG2a MADb, 4E3, neutralized this infectivity by
72.2+3.7% and 56.0 + 5.8 % (mean + SEM), respectively (Fig. 2). Mouse immune
serum (MIS) raised against serovar A EB showed 76.0£4.9% (mean +SEM)
neutralization while a class-matched (IgG2a) control MAb (OKT3) and normal
ascitic fluid showed only 25.3+7.6% and 25.7 & 0.6 % neutralization respectively
(Fig. 2). Effective neutralization occurred only in the presence of guinea pig
complement (GPC). In the absence of GPC, low neutralization rates were
obtained. Neutralization obtained with MAb 2C8 in the presence and the absence
of GPC respectively was 49.7 +6.3% and 24.5+5.2%. That obtained with MIS
was 60.0 £2.5% and 40.0£2.5% (mean -+ SEM of 3 experiments), respectively.
The specificities of these MAbs to C. trachomatis serovars, as determined by
Micro-IF and ELISA, are shown in Table 1. MAb 2C8 was specific for serovar A in
Micro-IF and ELISA at a low titer, while 4E3 showed cross reactivity with other
serovars in the Micro-IF and to L2 by ELISA.

Immunoblotting. Immunoblot analysis of the reactivities of the MAbs against
serovar A EB components separated first by SDS-Page showed that 2C8 reacted
with a 16 kD and 4E3 reacted with a 12 kD polypeptide component. MIS showed
reactivity with several polypeptides including the major outer memebrane protein
(MOMP) band at 39 kD also with 29, 55, 72 and 85 kD polypeptide bands (Fig. 3).
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Table 1. Specificity of Monoclonal Antibodies to C. trachomatis serovars

MAb Micro-IF? ELISAP

A B CJ DE FG H 1 L1L2 KL3 A L2
2C8 8¢ - - - - - - - - 0.204 0.05
4E3 640 160 160 160 160 - - 160 - 0.605 0.478

# Microimmunofluorescent assay using acetone fixed EB. The final dilution giving positive results is
given

® ELISA using 20 pg/ml protein of serovars A and L2 irradiated EB, using 1:4 dilution of MAb and
read at 490 nm wave length

¢ Reciprocal of the titer

Discussion

We have shown that A-431, a human epithelioid cell line, is more susceptible to
infection with serovar A Chlamydia trachomatis than McCoy cells when infections
are done in the absence of centrifugation or cycloheximide. In a previous study of
the interaction between C. trachomatis serovar A and McCoy cells in the absence of
centrifugation, Lee [10] reported that vials used for the infection of McCoy cells
monolayer with the aid of centrifugation were unsuitable for the unaided infection
with C. trachomatis and C. psittaci. In another study by Moorman et al. [13],
C. trachomatis inocula producing 50-80% infections in McCoy cells with
centrifugation resulted in infection rates of 15-30% and 5-10% of primary cultures
of human endometrial and ectocervical epithelial cells. In the present study human
epithelioid A-431 cells were 4-7 times more susceptible to infection with C.
trachomatis serovar A than McCoy cells without manipulation of the cells (Fig. 1).
We have also successfully grown serovar C, another endemic trachoma-related
serovar, in A-431 cells and have obtained partially purified EB from these cultures
(unpublished observation). The use of A-431 provides an in vitro model that may
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more closely approximate the natural host-cell interaction that results in chlamy-
dial infections, in that artificial manipulations are not required.

Previous neutralization studies have used polyclonal rabbit antisera against
MOMP to neutralize infectivity of L2 serovar in HeLa cells [1] or MAb to MOMP
to neutralize the infectivity of serovars B, H, I, K and L2 in the presence of
complement [11]. Peeling et al. [14] described an in vitro neutralization of C.
trachomatis serovar L2 and I with MADb that was complement independent but was
dependent on optimal concentrations of both chlamydia and MAb. In a recent
study by Zhang et al. [22] a panel of MAbs against serovar B which were species
specific did not neutralize infectivity in HeLa cells in vitro but showed in vivo
neutralization of infectivity of the organism for monkey eyes and protected mice
from toxic death after i.v. injection of serovar B EB [22]. In the present study, 2
MADbs neutralized the in vitro infectivity of serovar A in A-431 cells, and this
neutralization was done in the presence of complement. Optimum neutralization
was obtained at 10'-10? dilutions of MAb. In the present study successful in vitro
neutralization occurred only in the presence of complement. Lower infectivity and
lower neutralization rates were obtained in the absence of complement. Previous
studies have also shown that complement enhances antibody-mediated neutraliza-
tion while it had no effect by itself on chlamydial inactivation [3, 11, 12].
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Neither 2C8 or 4E3 reacted by immunoblotting with the MOMP moiety which
is approximately 39 kD [14, 22]. Parallel studies with MIS indicate the transfer to
NCP, and reactivity of a 39 kD component suggesting that MOMP transferred and
retained some immunoreactive epitopes in our system. Previous studies have
shown reactivity of MAb to the MOMP using EB of serovars B [22], I and L2 [14],
but serovar A has not been previously tested. A recent study, by Ward et al. [20]
showed that sera from trachoma patients were characterized by a weak immune
response to MOMP despite the presence of an important serotype specific
determinant on this protein. These authors speculated that this lack of antibody to
MOMP could explain the susceptibility of children in hyperendemic areas to
recurrent infection.

Recent studies have shown that EB of serovars J and L2 possess proteins of 31
and 18 kD that bind to HeLa cells [21]. Antisera raised against these proteins
inhibited chlamydial-host cell binding and were thus neutralizing. These data
suggest that these chlamydial adhesins may play key roles in the early steps of
chlamydia-host cell interaction, and that antibodies directed against them may be
protective. A similar study identified 2 serovar L2 components of 32kD and 18 kD
that bound to HeLa cell surface membrane moieties [6].

In this study, we were able to neutralize in vitro, unmanipulated infectivity of
trachoma-related serovar A in human epithelioid cells A-431. The use of A-431
provides an alternative to the widely used, but manipulation-requiring, McCoy
and HeLa cells. The development of these two neutralizing MAbs may assist in
further definition of the infectivity process of C. trachomatis and ultimately in
vaccine development to prevent this process.
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