
Vol. 30, No. 3ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Sept. 1986, p. 390-394
0066-4804/86/090390-05$02.00/0
Copyright © 1986, American Society for Microbiology

Aryl-Fluoroquinolone Derivatives A-56619 (Difloxacin) and A-56620
Inhibit Mitogen-Induced Human Mononuclear Cell Proliferation
SASTRY V. S. GOLLAPUDI,l* BHARATHI VAYUVEGULA,2 SUDHIR GUPTA,2 MICHAEL FOK,1 AND

HARAGOPAL THADEPALLI3
Departments ofPathologyl and Medicine,3 Charles R. Drew Postgraduate Medical School, University of California at

Los Angeles School of Medicine, Los Angeles, California 90059, and Division of Basic and Clinical Immunology,
University of California at Irvine, Irvine, California 927172

Received 3 February 1986/Accepted 23 June 1986

Aryl-fluoroquinolone derivatives A-56619 (difloxacin) and A-56620 were found to inhibit human peripheral
blood mononuclear cell (MNC) proliferation (measured by [3HJthymidine uptake) that was induced by
concanavalin A or monoclonal antibody OKT3. These antimicrobial agents exert their maximum suppressive
effect when added within the first 24 h after the onset of culture with concanavalin A. No increase in the
concentration of mitogen or the duration of incubation of MNC cultures reversed this inhibitory effect, but the
removal of the drug from cultures reversed the suppression of DNA synthesis. A-56619 appeared not to
interfere with the triggering ofMNC activation by mitogen because it did not inhibit mitogen-induced increase
in protein synthesis (measured by [3H]leucine incorporation), interleukin-2 receptor expression (measured by
the binding of fluorescein-conjugated monoclonal antibody against interleukin-2 receptor), and cell volume.
These findings are considered in terms of possible interference of aryl-fluoroquinolones with mammalian
topoisomerase and DNA polymerases.

Certain cephalosporins, such as cephalothin, cephalexin,
cephradine, cefamandole, cephapirin, cefoxitin, moxalac-
tam, and cefuroxime, and tetracyclines, such as doxycycline
and minocycline, have been shown to produce a dose-
dependent suppression of human peripheral blood mononu-
clear cell (MNC) proliferation induced by polyclonal
mitogens concanavalin A (ConA) and phytohemagglutinin
(1, 6, 12, 15, 16, 18). However, penicillins, including carben-
icillin and benzylpenicillin, do not inhibit the proliferative
responses of MNCs (1). These reports indicate that some
antibiotics adversely affect the metabolic processes of
MNCs and consequently may interfere with their function.

Quinolones represent a new class of antimicrobial agents
derived from nalidixic acid, with broad-spectrum antimicro-
bial activity (20). Relatively little is known about the effects
of quinolones on the proliferative functions of MNCs. We
previously reported that ciprofloxacin, a carboxy quinolone
derivative, had no adverse effects on mitogen-induced MNC
proliferation (9). In this study, we examined the influence of
two new aryl-fluoroquinolone derivatives, A-56619 (difloxa-
cin) and A-56620, on MNC activation and proliferation
induced by ConA and monoclonal antibody OKT3 (OKT3
MAb).

Triggering of MNCs by mitogens can be operationally
divided into the following stages: (i) activation or exit from
Go and (ii) commitment to DNA synthesis with different
signal requirements (2, 5, 14). The results reported in this
communication show that both A-56619 and A-56620 block
the entry of activated cells into S phase (DNA synthesis).

MATERIALS AND METHODS

Antimicrobial agents. A-56619 and A-56620 were supplied
by Abbott Laboratories, North Chicago, Ill. Prior to use, the
drugs were dissolved in culture medium, and the pH of the
medium was adjusted to 7.4.

* Corresponding author.

Mitogens. Concanavalin was purchased from Sigma
Chemical Co., St. Louis, Mo., and monoclonal pan T-cell
antibody OKT3 was purchased from Ortho Diagnostics,
Inc., Raritan, N.J.

Cell culture medium. Medium 199 (Irvine Scientific,
Irvine, Calif.) containing 10% heat-inactivated fetal calf
serum (Irvine Scientific), 25 mM HEPES (N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid) at pH 7.4,
and 2 mM glutamine, hereafter termed culture medium, was
used in all experiments.

Preparation of MNCs. Heparinized (20 U/ml) peripheral
blood was obtained from healthy volunteers, and MNCs
were isolated by Ficoll-Hypaque density gradient centrifu-
gation (4). The cells were washed three times with Hanks
balanced salt solution (Irvine Scientific) and suspended in
culture medium.

Cell proliferation assay. Proliferation was assessed by
measuring [3H]thymidine uptake in mitogen-stimulated lym-
phocytes as previously described (10). Cells were cultured in
triplicate in 96-well round-bottom tissue culture plates
(Linbro Plastics, Flow Laboratories, McLean, Va.) at 37°C
in humidified 5% CO2 in the presence or absence of ConA (5
,ug/ml) or OKT3 MAb (25 ng/ml) with or without A-56619 or
A-56620. The concentrations of A-56619 and A-56620 ranged
between 1 and 25 ,ug/ml, and the drugs were added either at
the beginning of the culture or at various times during the
culture period. At 24 h prior to termination of culture, 1 ,XCi
of [3H]thymidine (specific activity, 6.9 Ci/mmol; New En-
gland Nuclear Corp., Boston, Mass.) was added to each
well. The cultures were harvested onto a glass fiber filter by
using an automated cell harvester (Skatron, McLean, Va.),
and [3H]thymidine incorporation was assessed by a liquid
scintillation counter. Variation among triplicates did not
exceed ± 15%.

Protein synthesis. MNCs (106/ml) were cultured in tissue
culture tubes (12 by 75 mm; Becton Dickinson Labware,
Oxnard, Calif.) with or without ConA (5 ,ug/ml) in the
presence or absence of A-56619 (25 ,ug/ml) for 42 h. The cells
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FIG. 1. Effects of A-56619 and A-56620 on ConA-induced pro-
liferation. Cells were cultured in the presence or absence of indi-
cated concentrations of A-56619 (0) or A-56620 (A) and were
stimulated with ConA (5 ,ug/ml). Each point shows the mean ± the
standard error of the mean of six experiments, with each experiment
done in triplicate on MNCs from a different donor. The data are
normalized to the [3H]thymidine incorporation in MNCs cultured
with ConA alone and are expressed as % of control = (cpm of MNC
+ ConA + drug/cpm of MNC + ConA) x 100.

were then washed three times with Hanks balanced salt
solution, suspended in leucine-deficient medium, and incu-
bated for 1 h at 37°C. [3H]leucine (1.5 ,uCi; specific activity,
50 ,uCi/mmol; ICN Pharmaceuticals, Inc., Costa Mesa,
Calif.) was added, and the cells were incubated for 4 h more.
At the end of the incubation, cells were centrifuged, and the
supernatant containing radioactivity was discarded. Cells
were washed twice with phosphate-buffered saline, and the
cell pellet was suspended in 180 ,ul of phosphate-buffered
saline and 20 pI of carrier protein (bovine serum albumin, 1
,ug/ml). Trichloroacetic acid (200 ,ul) was then added, and
labeled proteins were precipitated in the cold for 1 h. The
resultant precipitate was washed twice with 5% ice-cold
trichloroacetic acid, incubated with 5% trichloroacetic acid
at 90°C for 25 min, boiled in 2% sodium dodecyl sulfate for
1 min, and counted in Aquasol scintillation fluid, and the
incorporation of [3H]leucine was measured in a liquid scin-
tillation counter. All experiments were performed in tripli-
cate.

IL-2 receptor expression. Fluorescein-conjugated mono-
clonal antibody against IL-2 receptor, Tac, was purchased
from Becton Dickinson and Co., Sunnyvale, Calif. The
binding of anti-Tac to activated lymphocytes was analyzed
by direct immunofluorescence with a fluorescence-activated
cell sorter (FACS) analyzer (Becton Dickinson). MNCs (106)
were cultured in the presence or absence of 25 ,ug of A-56619
per ml and were stimulated with MAb. At 24 h after
incubation, the cells were washed three times with Hanks
balanced salt solution containing sodium azide (0.1%), sus-
pended in 100 ,ul of the appropriate dilution of fluorescein-

conjugated anti-Tac, and incubated for 30 min at 4°C. The
cells were then washed, suspended in phosphate-buffered
saline containing 0.1% azide, and evaluated with a FACS
analyzer. Fluorescence data were collected for 104 cells.

Cell volume determination. Cell volume analysis was per-
formed with a FACS analyzer by the technique described by
Herzenberg and Herzenberg (13). MNCs (106/ml) were cul-
tured with or without OKT3 MAb (25 ng/ml) in the presence
or absence of A-56619 (25 ,ug/ml) for 18 h. The cells were
then washed two times and suspended in culture medium,
and cell volume was determined with a FACS analyzer.

RESULTS

The effects of A-56619 and A-56620 on ConA- and OKT3
MAb-induced MNC proliferation as assessed by
[3H]thymidine incorporation are shown in Fig. 1 and Fig. 2.
In these experiments, MNCs were incubated with 1 to 25 ,g
of A-56619 or A-56620 per ml with optimal concentrations of
ConA or OKT3 MAb. Each drug was tested on cells from six
normal subjects. Both A-56619 and A-56620 were inhibitory
at and above 5 ,ug/ml to cells of all subjects.
To exclude the possibility that the suppression was due to

toxicity of drugs to MNCs, viability was assessed in controls
containing drugs at the highest concentrations. At the end of
a 3-day culture period, 91 to 92% of the cells cultured with 25
,g of A-56619 or A-56620 per ml were found to be viable as
judged by the trypan blue exclusion method. This concen-
tration of A-56619 and A-56620 caused substantial inhibition
of [3H]thymidine incorporation (Table 1).
To assess the reversibility of antibiotic-induced suppres-

sion, MNCs were incubated for 3 h in the presence of
A-56619 or A-56620, washed to remove these drugs, sus-
pended in fresh culture medium, and cultured with ConA.
Such treatment had no inhibitory effect on the subsequent
proliferative response of the cells (Table 2), suggesting that
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FIG. 2. Effects of A-56619 and A-56620 on OKT3-induced pro-
liferation. A-56619 (0) and A-56620 (A) were added at culture
initiation, and [3H]thymidine incorporation was measured at 72 h.
Results are shown for the mean of six experiments ± the standard
error of the mean.
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TABLE 1. Viability of lymphocytes cultured in the presence of
A-56619 and A-56620

Cells cultureda [3HJthymidine

with: % Viability incorporationwith: ~~~~~~~~~~~(cpm)
Control 88 1,906
ConA 91 33,%8
ConA + A-56619 92 12,251
ConA + A-56620 91.5 18,339

a MNC were incubated at 37°C for 72 h in the presence of ConA (5 pg/ml)
and 25 jig of A-56619 or A-56620 per ml. Control MNCs were cultured in
medium alone for the same length of time. Viability was assessed by the
trypan blue dye exclusion method. The results represent the mean value of
cells cultured in triplicate in one representative experiment.

inhibitory effects were reversible and required the continu-
ous physical presence of quinolone derivatives.
To determine whether the decrease responses ofMNCs in

the presence of quinolone derivatives reflected a dose or a
kinetics phenomenon, various mitogen concentrations and
incubation periods were examined. The data in Table 3 show
that the inhibitory effects of A-56619 and A-56620 were not
dependent on the concentration of mitogen. Figure 3 shows
data from representative experiments on the effect of dura-
tion of culture on quinolone derivative-induced inhibition of
DNA synthesis. Clearly, suppression was consistent through
5 days of the culture period, indicating that the inhibition
exerted by A-56619 and A-56620 was not a result of an
alteration of the time course of proliferative response.

Mitogens must remain in contact with the lymphocyte
membrane for at least 10 to 20 h to irreversibly commit the
cells for proliferation (3, 11). To exclude the possibility that
A-56619 and A-56620 interfered with the binding of mitogen
to cell surface receptors, the effect of delayed addition of
these drugs to MNC cultures was studied. A-56619 and
A-56620 were added to separate cultures at various times
after ConA addition and were left in culture until
[3H]thymidine incorporation was measured. A significant
inhibition was observed when the drugs were added during
the first 24 h of culture (Fig. 4). No significant inhibition was
observed when these agents were added at 48 or 72 h after
the addition of ConA. These results indicate that A-56619
and A-56620 do not block mitogen interaction with cell
surface receptors, but interfere with the generation of sub-
sequent events involved in cell activation and proliferation.
To evaluate whether or not quinolone derivatives inter-

fered with early events in cell activation, the effect of
A-56619 on mitogen-stimulated protein synthesis, expres-
sion of IL-2 receptors, and increase in cell volume was

TABLE 2. Reversibility of A-56619- and A-56620-induced
inhibition of MNC proliferationa

Cells preincubated Washed cells [3H]thymidine
with: cultured with: (cpm + SD)

Nothing Nothing 1,684 ± 240
ConA ConA 23,401 ± 1,357
ConA + A-56619 ConA + A-56619 6,563 ± 351
ConA + A-56619 ConA 21,645 ± 1,741
ConA + A-56620 ConA + A-56620 13,098 ± 560
ConA + A-56620 ConA 23,493 ± 2,755

a MNC were preincubated for 3 h in the presence or absence of A-56619 (25
,ug/ml) or A-56620 (25 jig/ml) with or without ConA (5 jig/ml), washed, and
recultured as indicated. Results represent mean [3H]thymidine incorporation
in cells cultured in triplicate.

TABLE 3. Effect of concentration of mitogen on drug-induced
inhibition of proliferation of MNCsa

Concn of mitogen % ConA response with:
(,ug/ml) A-56619 A-56620

1 24.5 32
5 26.5 30
10 21.7 30.6

a MNCs were cultured in the presence or absence of A-56619 (25 ,ug/ml) or
A-56620 (25 ,ug/ml) and were stimulated with the indicated concentrations of
ConA. Thymidine incorporation was measured at 72 h, and the results,
expressed as a percentage of the control response, were determined by the
formula (cpm in cultures containing experimental antibiotic/cpm in cultures
without antibiotic) x 100. The incorporation of [3H]thymidine in MNCs
stimulated with 1, 5, or 10 pg of ConA per ml in the absence of quinolone
derivatives was 17,000, 37,599, and 35,825 cpm, respectively. Results repre-
sent the mean of two experiments.

examined. The data in Table 4 show that A-56619 did not
inhibit protein synthesis as measured by [3H]leucine incor-
poration into acid-insoluble protein at a concentration that
markedly inhibited DNA synthesis. The results in Table 5
show that OKT3-induced IL-2 receptor expression, as iden-
tified by anti-Tac binding, was not inhibited by an addition of
25 jig of A-56619 per ml. This dose of drug caused inhibition
of [3H]thymidine incorporation in the samples of the same
culture used for fluorescence Tac analysis. Parallel cultures
were also analyzed with the FACS analyzer for increase in
cell volume. The data in Fig. 5 show that A-56619 had no
effect on OKT3-induced increase in cell volume.
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FIG. 3. Effects of quinolone derivatives on the proliferative
response on different days of cultures. MNCs were stimulated with
5 ,g of ConA per ml in the absence (0) or presence of 25 ,g of
A-56619 (0) or A-56620 (A) per ml for the indicated times. Prolif-
eration was assessed by measuring [3H]thymidine uptake, and
results represent the mean of triplicate cultures.
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FIG. 4. Temporal sensitivity to drug inhibition of proliferation.
ConA was added at time zero, and 25 ,ug of A-56619 (0D) or A-56620
(A) per ml was added at the times shown on the abscissa. Each point
is the mean of two experiments, with each experiment done in
triplicate on MNCs from different donors. The data are normalized
to the [3H]thymidine incorporation in ConA-activated MNCs cul-
tured in the absence of drugs.

DISCUSSION
The results presented herein demonstrate that aryl-

fluoroquinolone derivatives A-56619 and A-56620 inhibit
proliferation (DNA synthesis) of MNCs stimulated by ConA
and OKT3 MAb. Rosoxacin, (J. P. Manzella and J. Clark,
Program Abstr. 25th Intersci. Conf. Antimicrob. Agents
Chemother., abstr. no. 485, 1985) and ofloxacin (C.
DeSimone, A. Cilli, A. Zanzoglu, L. Lucci, S. Delia, and F.
Solice, 14th Int. Congr. Chemother., S-17-8, 1985) have been
reported to cause significant depression of mitogenic re-
sponses of lymphocytes. However, ciprofioxacin,
amifioxacin, norfioxacin (Manzella and Clark, 25th ICAAC),
and nalidixic acid (1) appear to have no inhibitory effects on
MNC proliferation. The reason for these differences is not
clear. They may be due to a failure of certain quinolone
derivatives to penetrate into or accumulate in cells respond-
ing to T-cell activators. Two other possibilities are that
ciprofioxacin, amifioxacin, norfioxacin, and nalidixic acid
either do not interact with MNCs or are inactivated by
MNCs.

Several lines of evidence presented in this study indicate

TABLE 4. Effects of A-56619 and A-56620 on protein synthesisa
Addition Incorporation (cpm ± SD) of:

Mitogen (25
,ug/ml) [3H]leucine [3H]thymidine

None None 4,495 ± 525 1,099 ± 280
ConA None 15,559 ± 1,967 35,825 + 2,410
ConA A-56619 15,549 ± 3,918 9,881 ± 844
ConA A-56620 18,107 ± 2,591 11,091 ± 108
a MNC cultures were stimulated with 5 ,ug of ConA per ml, either alone or

in the presence of indicated concentrations of A 56619 or A 56620. [3H]leucine
uptakes were assessed on day 2, and [3H]thmidine uptakes were assessed on
day 3. The results represent the mean of triplicate values with the standard
deviation.

TABLE 5. Effect of A-56619 on OKT3-induced IL-2
receptor expressiona

[3H]thymidine
Additive % Tac-positive cells incorporation

(cpm)

Medium 2 560
OKT3 16.5 18,750
OKT3 + A-56619 15.0 1,610

a MNCs were activated for 24 h by OKT3 MAb with or without A-56619.
The cells were divided into aliquots, with one portion used for IL-2 receptor
expression and the remaining portion cultured for an additional 48 h for cell
proliferation.

that suppression of DNA synthesis by A-56619 and A-56620
is unlikely to be a result of nonspecific cytotoxicity because
(i) the cell viability, as judged by trypan blue exclusion, was
unaffected at concentrations that inhibited DNA synthesis
(Table 1); (ii) the inhibition due to A-56619 and A-56620 was
reversible on their removal from cell culture (Table 2); (iii)
cells cultured in the presence of A-56619 and stimulated with
mitogen continued to synthesize proteins to the same extent
as cells cultured in the absence of A-56619 (Table 4); and (iv)
the inhibitory effects of A-56619 and A-56620, which were
substantial when either drug was added at time zero or 24 h
after culture, decreased with delayed addition (Fig. 4).
Taken together, the above data suggest that the suppression
of DNA synthesis is likely due to interference of A-56619
and A-56620 with cellular events leading to cell proliferation.
Our findings that the observed suppression could not be

circumvented by increasing mitogen concentration (Table 3)
and that these drugs significantly inhibited proliferation even
when added 24 h after the addition of mitogen supports the
theory that A-56619 and A-56620 do not interfere with
ligand-receptor interaction but, rather, block subsequent
triggering and entry of cells into the cell cycle. The facts that
A-56619 did not inhibit mitogen-induced protein synthesis
(Table 4), expression of receptors for cell growth factor
(Table 5), and increase in cell volume (Fig. 5) suggest that
this quinolone derivative does not interfere with mitogen
triggering of resting cells to activation (Go-G1 phase) but,
rather, blocks the entry of activated cells into S phase (DNA
synthesis).
The mechanism(s) by which A-56619 and A-56620 inter-

fere with DNA synthesis is not known. In cell-free systems,
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FIG. 5. Effect of A-56619 on OKT3 MAb-induced cell volume

(size) increase. A-56619 (25 ,ug/ml) was added at culture initiation.
Cell volume was determined with a FACS analyzer.
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quinolone derivatives are capable of inhibiting the activity of
topoisomerase II derived from liver cells (7). Recently, it has
been shown that topoisomerase II activity increases in
regenerating liver cells (7) and in the mitogen-stimulated
lymphocytes (source quoted in reference 19). This increase
in activity appears to be associated with commitment of cells
to proliferate, and this topoisomerase might be the site of
A-56619- and A-56620-induced inhibition. Recently, it has
been reported that quinolone derivatives inhibit eucaryotic
alpha and beta DNA polymerases (17). Thus, it is also
possible that A-56619 and A-56620 diminish proliferation by
preventing the activity of enzymes involved in DNA repli-
cation.

Currently, no information is available on the achievable
levels in serum of A-56619 and A-56620 in humans. In mice,
after a single dose (100 mg/kg) given orally or subcutane-
ously, the levels of A-56619 in serum are in the range of 18.5
to 22.5 ,Lg/ml, and the levels of A-56620 in serum are in the
range of 4.5 to 28.9 ,ug/ml (8). We have shown that DNA
synthesis in mitogen-stimulated MNCs is diminished with
concentrations of A-56619 and A-56620 that closely corre-
spond to the levels in serum in mice. Whether or not such
levels can be achieved in humans after therapeutic adminis-
tration of A-56619 and A-56620 is unknown.
The in vivo consequences of in vitro inhibition of MNC

proliferation by A-56619 and A-56620 on host defense
against intracellular pathogens remain to be elucidated.
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