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Cyclophosphamide induces type | interferon and augments the number
of CD44" T lymphocytes in mice: implications for strategies of
chemoimmunotherapy of cancer

Giovanna Schiavoni, Fabrizio Mattei, Tiziana Di Pucchio, Stefano M. Santini, Laura Bracci, Filippo Belardelli, and Enrico Proietti

In a previous study, we reported that a
single injection of cyclophosphamide
(CTX) in tumor-bearing mice resulted in
tumor eradication when the animals were
subsequently injected with tumor-sensi-
tized lymphocytes. Notably, CTX acted by
inducing bystander effects on T cells, and
the response to the combined CTX/
adoptive immunotherapy regimen was
inhibited in mice treated with antibodies

to mouse interferon (IFN)- «/B. In the

present study, we have investigated
whether CTX induced the expression of
type | IFN, and we have characterized the
CTX effects on the phenotype of T cells in

normal mice. CTX injection resulted in an
accumulation of type | IFN messenger
RNA in the spleen of inoculated mice, at
24 to 48 hours, that was associated with
IFN detection in the majority of the
animals. CTX also enhanced the expres-
sion of the Ly-6C on spleen lymphocytes.

This enhancement was inhibited in mice
treated with anti-type | IFN antibodies.
Moreover, CTX induced a long-lasting
increase in in vivo lymphocyte prolifera-

tion and in the percentage of CD44 NCD4*

and CD44hCD8* T lymphocytes. These
results demonstrate that CTX is an in-
ducer of type I IFN in vivo and enhances

the number of T cells exhibiting the
CD44" memory phenotype. Since type |
IFN has been recently recognized as the
important cytokine for the in vivo expan-

sion and long-term survival of memory

T cells, we suggest that induction of this

cytokine may explain at least part of the
immunomodulatory effects observed af-

ter CTX treatment. Finally, these findings
provide a new rationale for combined
treatments with CTX and adoptive immu-
notherapy in cancer patients. (Blood.
2000;95:2024-2030)

© 2000 by The American Society of Hematology

Introduction

Cyclophosphamide (CTX) is a widely used chemotherapeuti@nsferred lymphocyte<in considering which CTX-induced factor(s)
agent in cancer therapyand in some autoimmune diseades.can be important for explaining the effects on T cells and the antitumor
Combined regimens with CTX and immunotherapy are used fgsponse observed in tumor models, we focused our attention on type |
clinical trials with cancer patients? However, the mechanisms of interferon (IFN). In fact, the working hypothesis that this cytokine could
CTX action are not fully understood. On the one hand, CTX can agé induced by CTX was suggested by 2 major considerations:
as a conventional anticancer drug by affecting the in vivo prolifergq) in our previous studg/, the synergistic antitumor response induced
tion of tumor cells: On the other hand, CTX can exhibity e combined treatment with CTX and immune lymphocytes was
immunomodulatory effects, which may play an important role igy, jishedwhen mice were treated with a potent preparation of

. o : .
the antitumor responge?. Inthis regard, many studies hadantibodies to mouse IFN/B,27 suggesting that this cytokine was
reported that CTX can increase the efficacy of immunotherapeutic . ) . . .

. . somehow induced in our experimental system with tumor-bearing
agents by removing tumor-induced suppressor T éefi3How-

ever, the nature of these suppressor cells is still a matter of dié’oat@.'c.e' (2) Recent repgrts have clgarly |nd|c§ted that type [ IFNis the
jor factor responsible for the in vivo proliferation and long-term

By using transplantable mouse tumor models, we have recer{fl? i ) . :
reported that CTX can induce marked effects on T cells, which ard"Vival of certain subsets of T cells (especially CDED8 T
important for a successful tumor eradication in response to adoptly@Phocytes) in response to viruses or other stirfitdf.
immunotherapy” In particular, the results of an ensemble of experi- All of this prompted us to investigate whether the injection of
ments aimed at understanding the mechanisms underlying the synefgisX in normal mice could resultin any induction of type | IFN and
tic antitumor response observed in tumor-bearing mice injected wighcharacterize the effects of CTX on T cells.

CTX and tumor-sensitized lymphocytes have suggested that CTX actsThe results reported in this article demonstrate that CTX can
by means of bystander effects (possibly through production of T-c#flduce type | IFN expression, which may represent an important
growth factors occurring during the rebound events after drug adminigediator of the immunomodulatory effects of CTX, especially with
tration) that may sustain the proliferation, survival, and activity of theegard to the expansion and persistence of memory T cells.
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Table 1. Primer sequences and PCR conditions for the evaluation of IFN 0.01% Tween 20 for 30 minutes. Cells were pelleted, then incubated with 50
MRNA expression Kunitz units DNAse | (Sigma) in 0.15 mol/L NaCl, 4.2 mmol/L MgCpH
Primer Nucleotide Sequence (5'-3") Bp* No.Cycles 5.0, for 10 minutes. After washing, cells were incubated with fluorescein
8 actin 291 2 isothiocyanate—conjugated anti-BrdU mAb (Becton Dickinson, Mountain
Sense TGACGGGGTCACCCACACTGTGCCCATCTA :gfa\tllv,o(f:?()) %%% zzr:/z;lztzed orn FACTOH flow c;{ltontﬁectjerE(Bte:ton ?'Ck'gsog) ' A;I
Antisense CTAGAAGCATTGCGGTGGAGCATGGAGGG - VEnLs per sample were collected. Lrythrocytes, dead Cets,
Murine IFN-o 162 20 and tissue debris were excluded according to forward- and side-scatter
Q12 . . . .
Sense TGTCTGATGCAGCAGGTGG properties in order to gate only live lymphocyte populations.
Antisense AAGACAGGGCTCTCCAGAC
Murine IFN-B 156 40 Interferon titration
Sense CCATCCAAGAGATGCTCCAG ) . - . .
Antisense GTGGAGAGCAGTTGAGGACA Biological acthl_ty of serum IFN was determlne(_j as descrlped elsewtere.
One of the units, as expressed in the text, is the equivalent of 4 IFN
*Number of base pairs of the amplified fragment. reference units.

Detection of murine  « and B interferon messenger RNAs in the
spleen by reverse transcriptase (RT)—polymerase chain

Materials and methods reaction (PCR)

At different times after treatments, mice were killed and their spleens were
immediately removed and directly homogenized with a tissue homogenizer
Six- to 8-week-old male DBA/2 mice were obtained from Charles Riven 2mL RNAzol B (Bioteck, Houston, TX) in an ice bath. Total RNA was
Breeding Laboratories (Calco, Italy). All mice were treated in accordan#@en subjected to chloroform extraction and isopropanol precipitation. RNA
with the European Community Guidelines. For bromodeoxyuridine (Brduyvas resuspended and treated with ribonuclease-free DNAse (Boehringer
incorporation studies, mice were given drinking water containing Brdannheim, Germany), further purified, and then quantitated by UV
(Sigma Chemical, St Louis, MO) at 0.8 mg/mL, which was made fresh ardpsorbance at 260 nm. One microgram of total RNA was incubated for
changed daily. CTX (Sigma) was dissolved in 0.15 mol/L NaCl (saline) arfd minutes with oligo-(dt) 12-18 (Pharmacia, Uppsala, Sweden) at 75°C,
filter sterilized, and 0.5 mL of freshly prepared solution was injectegooled at room temperature, and reverse-transcribed by 200 U of Moloney
intraperitoneally (CTX-treated mice). Polyinosinic-polycytidylic acid (polymurine leukemia virus reverse transcriptase (Bethesda Research Laborato-
[I:C]) (Sigma) was dissolved in saline at a concentration of 10 mg/milries, Bethesda, MD) for 1 hour at 37°C in a final volume of 20 uL. We
Frozen aliquots were thawed just before each experiment, and 0.15 mgafplified 2 uL of complementary DNA in a final volume of 20 pL (10
poly (1:C) was injected intraperitoneally in a volume of 0.15 mL of salinénmol/L Tris-HCL, pH 8.3, 50 mmol/L KCI, 1.5 mmol/L MgCl2, 0.01%
solution. Control preparations consisted of saline unless otherwise stateg@elatin, 200 umol/L deoxyribonucleoside triphosphate (dNTP), and 10
pmol of each primer) using a Perkin Elmer Thermal Cycler (Perkin Elmer,
Antibody to mouse interferon  a/f Norwalk, CT). Samples were heated at 94°C for 5 minutes, and each cycle

Sheep antibodies to mouse interfetd and normal sheep immuno Iobu_Was performed as follows: 40 seconds denaturation at 94°C, 40 seconds
P P 9 annealing at 62°C, and 1 minute extension at 72°C. At the end, samples

lin were a ggnerqus gift from D.r lon Gresser (Villejui, France). The Orlglr\]/vere further incubated at 72°C for an additional 10 minutes. Table 1 reports
of sheep antibodies to mouse interferd@ (sheep no. 1) and normal sheep

. . . I . . t]he cytokine primer sequences, the number of amplification cycles, and the
immunoglobulin, their purification, and their assay have been preV|oussYZe of the fragment amplified in this study. For reaction product visualiza-
described in detail?3! Antibody titer was 1.6< 10° neutralizing units g P Y- P

. o ;
against 8 interferon units; mice were injected with 0.2 mL of a 1:10 diIutioﬁg?a’léo dztt?c: ehﬁzsﬁfgg Sdéjfftfga/isrﬁo?gctgra\,s;rorien?:rlggj? of
on day—1, +2, and+4 with respect to CTX administration. P ’ 9 '~ Hg

132 bp DNA ladder (GIBCO-BRL) were run in parallel. As positive
Preparation of spleen and lymph node cells suspensions controls for IFNe or IFN-B RT-PCR, we used messenger RNA (mRNA)

Mice and in vivo treatments

Mice were killed and spleen and lymph nodes were removed asepticallgble 2. Detection of IFN activity in the serum of mice injected with CTX
Lymph nqde cells yvere pooled from c_ervical, ainIary, ingginal, and Hours Posttreatment
mesenteric nodes. Tissues were gently disaggregated with a tissue homog;r—eatment

. . N . Mouse No. 12 24 48
enizer for 3 minutes at room temperature in lysis buffer (0.16 mol/l
tromethamine [Tris]-buffered NiCI). After erythrocyte lysis, cells were Saline 1 <4 <4 <4
washed in Rosewell Park Memorial Institute (RPMI) 1640 medium with 2 <4 <4 <4
10% fetal calf serum (FCS), passed through a cell strainer (Falcon 2350, 3 <4 <4 <4
Becton Dickinson, Orlando, FL), and resuspended to approximate®yX 83 mg/kg 1 <4 <4 32
1 X 10’ viable cells/mL (determined by trypan blue exclusion) in RPMI 2 <4 <4 <4
1640 medium with 2% FCS. 3 <4 16 32
CTX 150 mg/kg 1 <4 <4 <4
Flow cytometry 2 <4 16 24
I . ) 3 <4 32 48
Monoclonal antibodies (mAbs) used to stain cell surface antigens were t@(ﬁy () 1 256 64 4
following: biotinylated anti-Ly-6C (104-2.1, mouse immunoglobulin ’ 5 56 o4 4
[Ilg]-G) (PharMingen, San Diego, CA), biotinylated anti-CD44 (IM7, rat 3 256 64 4

IgG) (PharMingen), phycoerythrin (PE)—conjugated anti-CD4 (GIBCO-
BRL, Gaithersburg, MD), PE-conjugated anti-CD8 (GIBCO-BRL). Bound  six 7-week-old DBA/2 mice were injected intraperitoneally with 2 different doses
biotinilated L antibodies were detected with red 670-streptavidin (GIBC®# CTX (83 and 150 mg/kg body weight), poly (I:C) (0.15 mg/mouse), or saline. After
BRL). After surface staining by conventional technigéesells were different time intervals, mice were bled and serum samples collected and frozen. For
washed, resuspended in cold saline, and fixed by dropwise addition of CB—'lHtitration, sera were diluted 1:4 in 2% FCS RPMI 1640 to avoid nonspecific toxicity
95% ethanol for 30 minutes on ice. For BrdU-incorporation studies, ) cell substrates and pr?c?fsed for a standard IF’\,‘, assay on 1929 mouse cell
X ° o 1 p ! %nolayers, as described in “Materials and methods.” Data represent the IFN titer
intracellular staining methd@ was used. Briefly, the cells were washedyetected in the serum from each individual mouse, expressed in experimental units.
with PBS, then incubated with PBS containing 1% paraformaldehyde anée of these units is the equivalent of 4 international IFN units.
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Figure 1. RT-PCR analysis of IFN- « and IFN-B mRNA levels in the spleen of mice
treated with CTX or poly (I:C). Seven-week-old DBA/2 mice were treated intraperi-
toneally with CTX (83 mg/kg, A, and 150 mg/kg, OJ); poly (I:C) (0.15 mg/mouse), O; or
saline, @. After 6, 12, 24, and 48 hours, mice were killed, and total spleen RNA was
isolated and assayed for the presence of IFN-a and IFN-8 mRNAs by RT-PCR as
described in “Materials and methods.” Reaction products were run on 1% agarose
gel in the presence of molecular markers (not shown). Values represent the mean +
SE of 3 mice per group. (A) Each band corresponds to a single mouse spleen.
Densitometric values of ethidium bromide—stained bands, expressed as absorbance
units (OD) and normalized to the control values, are reported, (B) for IFN-a mRNAs
and (C) for IFN-B mRNAs. (D) Spleen weight of mice treated as above was measured
6, 12, 24, and 48 hours after treatment.

extracted from IFNx;—transduced Cl-11 cefiz and IFN p—transduced
TSAICI-A4 cells2é respectively. PCR products were visualized by means of

BLOOD, 15 MARCH 2000 « VOLUME 95, NUMBER 6

Results

Detection of interferon activity in sera of mice treated with CTX

In a first set of experiments, mice were injected intraperitoneally
with 2 doses of CTX (83 or 150 mg/kg body weight), with saline or
poly (I:C) (positive control for IFN production). Sera were
collected at different times after injection and tested for IFN
activity by a standard biological assay on L929 cells. Table 2 shows
the IFN activity detected in sera from individual mice at 12, 24, and

25

Ly-6C

20 1

40

Ly-6Chi (mean% +s.e.)

3 6 9 15

Days post treatment

BrdU

BrdU" /Total (mean% £s.e.)

9 15
Days post treatment

ethidium bromide staining and UV transillumination. After electrophoresi§igure 2. Effects of CTX injection on the expression of Ly-6C antigen and on

the relative density of mMRNA bands stained with ethidium bromide w
determined by LKB 2202 Ultrascan densitometer (Pharmacia, LK

dU incorporation in spleen lymphocytes at different times after treatment.
even- to 8-week-old DBA/2 mice were placed on BrdU water from day 0 to sacrifice.
ice were injected intraperitoneally with CTX (83 mg/kg) (dotted bars) or saline

Uppsala, Sweden). Messenger RNA transcripts were expressed in abgffite bars) at day 0. At different time intervals, spleens were taken and disaggre-

bance units.

Statistical analyses

Data were analyzed by Studerest.

gated. Cells were stained for Ly-6C; this was followed, after fixation, by nuclear
staining for BrdU incorporation. Cell fluorescence was evaluated by fluorescence-
activated cell sorter (FACS). There were 3 mice per group. The data show the mean
(= SE) of the percentage of Ly-6Chi cells (upper panel) or BrdUM cells (lower panel)
with respect to the total number of spleen lymphocytes.
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Figure 3. Effect of CTX versus poly (I:C) injection on Ly-6C expression in spleen
lymphocytes at different times after treatment. Seven- to 8-week-old DBA/2 mice
were injected intraperitoneally with CTX (83 mg/kg) (dotted bars), poly (I:C) (0.15
mg/mouse) (striped bars), or saline (white bars). At different time intervals, spleens
were taken and cells were stained for Ly-6C expression and processed for FACS
analysis. There were 3 mice per group. The data show the mean (+ SE) of the
percentage of Ly-6CM cells with respect to the number of total spleen lymphocytes.
*P = .05 versus controls; **P = .001 versus controls.
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somehow dependent on a CTX-induced toxicity. In this regard,
there was a consistent decrease in the spleen weight in CTX-treated
mice; this appeared more marked in animals treated with the higher
dose of CTX. (Figure 1D).

CTX injection results in the up-regulation of Ly-6C expression
and bromodeoxyuridine incorporation in spleen lymphocytes

Ly-6C is a lymphocyte activation and differentiation antigen
normally present on minor subsets of mature T cells, monocytes,
macrophages, and endothelial cells. Previous studies have demon-
strated that IFNx/B is a cytokine capable of specifically enhancing
Ly-6C expressiofi’ By cytofluorimetric analyses, we then evalu-
ated the percentage of Ly-6C positive T cells with respect to the
number of total T lymphocytes in the spleens of mice treated with a
single injection of CTX (83 mg/kg) 3, 6, 9, and 15 days before
sacrifice. In the same experiment, spleen lymphocytes were also
analyzed for BrdU uptake. As shown in Figure 2, there was a
significant increase of Ly-6C positive cells in CTX-treated mice in
comparison with controls at 6 days after CTX treatment. Cell
proliferation data, obtained by the BrdU-labeling technique, showed
a substantial decrease in the percentage of proliferating cells at day
3 after CTX administration, followed by a significant and long-
lasting increase at the subsequent time points. In a subsequent
experiment, illustrated in Figure 3, we compared the Ly-6C
expression in spleen lymphocytes at various times after treatment
of mice with either poly (I:C) or CTX. Ly-6C expression was
maximal in splenic lymphocytes 6 days after CTX treatment,

48 hours after injection. No IFN activity was detected in sera froffhereas poly (I:C) induced a more intense but more transient
saline-treated control mice. In contrast, sera from poly (I:C)Ly-6C antigen enhancement that peaked atday 3.

treated mice exhibited high levels of IFN activity at 12 hours, AS shown in Figure 4, injection of mice with a potent
Considerable levels of IFN (64 U/mL) were also found at 24 houf¥eparation of anti-IFN¢/3 antibodies resulted in a significant
after poly (I:C) injection, while no IFN activity was detected at thdnhibition of the CTX-induced up-regulation of Ly-6C expression

subsequent time point. None of the 6 CTX-treated mice showed

any presence of serum IFN at 12 hours after injection. However, &
24 hours, detectable IFN activity was found in 3 out of the 6
CTX-treated mice. At 48 hours, IFN activity (24 to 48 U/mL) was
detected in the serum of 4 out of the 6 CTX-treated mice, with nc —.
N ) X L T 14
significant difference with respect to the dose of CTX injected. At :
subsequent times, no IFN activity could be found in the sera of H 121

CTX-treated mice (data not shown).

Kinetics of accumulation of IFN-  « and IFN-B messenger RNAs
in the spleen of mice treated with cyclophosphamide

We then evaluated the levels of type | IFN mRNA expression in.=

16

hi(mean %

splenocytes harvested at different times after CTX injection. Thusy 6
total RNA was extracted from spleen cells of mice treated with %
saline, CTX (83 or 150 mg/kg), or poly (I:C) and processed for :f 4
RT-PCR by using 2 sets of primers specific for mouse trN-and

IFN-B, and forp actin as a control (Figure 1). Injection of Poly 2

(I:C) caused a transient but marked increase in the expression 0 ‘ ‘

both mRNAs for IFNe and IFN$, compared with untreated 3 6 9

control mice (Figure 1A). In CTX-treated mice, the peak of mMRNA

expression for both IFNt and IFN was almost comparable to Days post treatment

that obtained with poly (I:C), but the kinetics was quite differentrigure 4. Effects of injection of anti-IFN-  a/p antibodies on the CTX-induced
As shown by densitometric analyses (Figure 1B and 1C), &FN-up-regulation of Ly-6C expression in spleen lymphocytes from mice. Seven- to

. . A P -week-old DBA/2 mice were injected intraperitoneally with CTX (83 mg/kg) (dotted
and lFN'B MRNA expression in spleen cells from mice InJeCte ars) or saline (white bars) at day 0. One day before and 2 and 4 days after CTX

with poly (I:C) reached its maximum level 6 to 12 hours aftefeatment, some mice were also injected intraperitoneally with 0.2 mL of an
treatment. In CTX-treated mice, the maximal expression for bothti-murine IFN-a/g antibody preparation (160 000 IFN-neutralizing units/mouse/

IEN mRNAs peaked between 12 and 24 hours. The apparent deimytion)l (striped bars). At diffelrent time intervals, spleens were co!lected and cells
were stained for Ly-6C expression and processed for FACS analysis. There were 3

in the induction of IFN mRNA expression in mice injected With th€ce per group. The data show the mean (= SE) of the percentage of Ly-6Ch
higher dose of CTX (especially observed for IE)l-may be with respect to the total number of spleen lymphocytes.

cells
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CD4 Spleen CD8 Spleen

Discussion

In this study, we have provided the first evidence indicating that
CTX is an inducer of type | IFN expression in mice. The induction
of type I IFN by CTX was demonstrated not only by the presence of
biologically active IFN in the serum of the injected mice at 24 to
48 hours, but also by a progressive accumulation of mRNAs for
IFN-a and IFN in the spleens, starting at 6 hours and lasting for
at least 48 hours after injection. The comparison of the kinetics of
induction by CTX with that observed after injection of poly (I:C)

CD44M (mean % & s.e.)

6 10 6 10 (a typical strong inducer of type | IFN in mice) revealed that the
Days post treatment Days post treatment peak of IFNg mRNA induction by poly (I:C) occurred earlier (at
6 hours), but appeared to decrease more rapidly than that observed
" CD4 Lymph nodes ) CDS8 Lymph nodes after CTX injection. As for IFNe mRNA induction, the kinetics of

accumulation of IFNax mRNA in mice injected with poly (I:C) was
similar to that observed in mice treated with the lower dose of CTX
(83 mg/kg), whereas a certain delay in the induction kinetics was
detected in mice injected with the higher dose of CTX (150 mg/kg).
On the whole, these results indicate that CTX is an inducer of type |
IFN at a time early after injection, before drug treatment might
result in a strong myelosuppressiéhioue’A or in a detectable
decrease in the spleen weight (Figure 1D), substantially before the
rebound phenomenon, which starts 5 to 6 days after CTX injec-
e tion.2” Thus, although the mechanisms of type | IFN induction by
6 10 6 10 CTX remain unclear, our results suggest that the type | IFN
DEysiposk Crestmment Days post treatment induction is a direct effect of the chemotherapeutic agent on some
Figure 5. Increase in the percentage of CD44 N T Iymphocyteg inthe CD4 + and mouse cells and does not represent a Secondary response to
e ent e 55 drug-induced myelosuppression of to cell-simulation events occur-
mg/kg) (dotted bars), poly (I:C) (0.15 mg/mouse) (striped bars), or saline (white bars).  iNg during the rebound phase. This CTX-induced IFN production
At different time intervals, sp!eens and a pool of lymph nodes were taken land appears to be capable of directly affecting some lymphocyte
expression eforsbeing processed for cyfiuotmetnc anayss, There were 3 mes _UNCtioNs. In fact, CTX induced an up-regulation in the expression
per group. The data show the mean ( SE) value of the percentage of CD44" celison ~ Of Ly-6C antigen (a marker known to be specifically induced by
CD4 (left panels) or CD8 (right panels) lymphocytes, in the spleen (upper panels) or  type | IFN), and this induction was inhibited by injecting the mice
in the pooled lymph nodes (lower panels). with a potent preparation of anti—IFN{3 antibodies. Of interest,
CTX was also capable of inducing an enhancement of the
on spleen lymphocytes, suggesting that CTX-induced type | IFpercentage of proliferating (ie, Brd)) spleen lymphocytes as well

CD44% (mean % £ s.e.)
()

was involved in enhancing the expression of this antigen. as of modulating the phenotype of T cells, especially by enhancing

the number of CD#4 and CD8 T cells exhibiting a memory
Increase of the number of CD44 M T lymphocytes in the spleen (CD44") phenotype in both the spleens and the lymph nodes of the
and lymph nodes of CTX-treated mice injected mice.

We then evaluated whether injection of CTX could affect the The notion that'CTX can induce release of cytoklngs and
owth factors during the rebound events after drug-induced

number of T cells in the spleen and lymph nodes at different tim@s o .
P ymp %munosuppressmn is well documenféd® Some studies have

after injection. In general, no statistically significant difference’ . . .
were observed in the total number of CD4 or CD8 T Iymphocyte@cemly suggested that CTX can induce a pattern shift of cytokines
1 in tumor models several days after injectfén.

recovered from the spleen or pooled lymph nodes of CTX-treatgéPm Th2 10 Ty o .
mice with respect to control injected mice on days 6 and 10, wiffoWever. our finding that CTX can induce an early and long-

the exception of a slight increase in the number of CD4 T cell@Sting expression of type | IFN suggests that this event can be
detected in the spleen at 6 days after CTX injection (data nd€ctly important in mediating some of the immunomodulatory
shown). Spleen or lymph node cells from mice treated with a singk§€cts of CTX observed in a number of experimental systems.
injection of CTX (83 mg/kg), poly (I:C), or saline were also labeled CTX is & currently used drug in cancer therapy. Although CTX
with biotinylated anti-CD44 and PE-conjugated anti-CD4 or antiS generally considered to be a typical chemotherapeutic agent
CD8 antibodies and assessed by cytofluorimetric analysis. Agpable of directly inhibiting tumor cell proliferation, many studies
shown in Figure 5, there was a marked increase in the percentagB@fe shown that CTX can also induce multiple immunomodulatory
CD44' T lymphocytes in both the spleen and the lymph nodes éffects’2°In mouse tumor models, some groups had suggested that
CTX-injected mice, compared with saline-injected control animal§TX can act by inhibiting T suppressor cells?® However, the
This increase reached its maximum level 10 days after treatméature of these suppressor cells assumed to be inhibited by CTX
for both CD4" and CD8 T-cell subsets. In poly (I:C)—injected has remained elusiv&.In a recent study, in which we have
mice, there was also a marked increase in CDeell percentage, investigated the mechanisms underlying the impressive antitumor
but the kinetics of this increase appeared to be slightly different iesponse in tumor-bearing mice subjected to a single injection
spleen cells as compared with CTX-treated animals. of CTX followed by adoptive immunotheragy, we provided
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evidence suggesting that CTX did not act by inhibiting T suppregrotocols in tumor models—it is worth mentioning that the
sor cells, but by rendering the mouse host capable of allowirgntitumor efficacy of transferred lymphocytes has been shown to be
survival and proliferation of the transferred immune lymphocytesparkedly enhanced by CT%%as well as by type | IFN? In the
probably as a result of CTX-induced cytokines affecting T-celight of the collection of recent data showing the importance of type
functions?”-41Notably, type | IFN was important in the response td IFN in the regulation of the T-cell turnover in mi¢é>354we

the combined CTX/adoptive immunotherapy regimen, since tlseggest that, although CTX can induce several cytokines capable of
antitumor activity was abolished by injection of antibodies taffecting the antitumor activity of the transferred lymphocytes,
IFN-a/B.27 Other groups have recently provided additional extype I IFN is the major factor that may allow the proliferation and
amples of CTX effects on T cells. For instance, Li and coworketeng-term survival of at least some subsets of the injected immune
have recently reported that CTX given after active specificells (especially CD8 T cells exhibiting the memory phenotype)
immunization augments antitumor immunity by modulation gt T when adoptive immunotherapy is performed after CTX injection.
commitment of CD4 T cell4? Likewise, Apostolopoulos et & Finally, we believe that the finding that type | IFN, a cytokine
have reported a CTX-induced enhancement of cytotoxic lymphendowed with well-recognized antitumor activity, is induced early
cyte (CTL) precursors’ frequency in mice immunized with mucirafter CTX injection may provide new insight for the definition of
1-mannan fusion protein. In this regard, it is of interest to note thatore selective strategies for the combined treatment with CTX and
recent studies have revealed that type | IFN is an importaatloptive immunotherapy in cancer patients. In our previous work,
cytokine in the regulation of T-cell respon&eEarly studies had we suggested that in order to attain the optimal effects of adoptive
shown that type | IFN can inhibit T suppressor cells in nfit€ype  immunotherapy, it should be performed following chemotherapy at

I IFN is involved in the polarization toward a.I type of immune a time point when immune function is rebound#ig\otably, we
response and has been shown to augment the generation faehd that the antitumor response was optimal when immune cells
activity of CTL.4647Of interest, recent studies have shown that typeere transferred in tumor-bearing mice approximately 6 hours after

I IFN can specifically induce in mice the proliferation anda single CTX injection, when an induction of type | IFN mRNA
persistence of CD8T lymphocytes exhibiting the memory (CD#4  expression is observed in the spleen (Figure 1). We suggest,
phenotype48In light of all this, we may assume that the inductiortherefore, that adoptive immunotherapy should be performed
of type | IFN by CTX is important in inducing proliferation and shortly after chemotherapy (at a time when type I IFN is initially
persistence of T cells (especially CD8 T cells) and,d Type of expressed in some lymphoid tissues), before the rebound overshoot
immune response. There are some intriguing similarities in theobserved.

effects induced by CTX and type | IFN, which may suggest, in light

of the results reported in this article, that an induction of this
cytokine may be involved in some_of the responses ob_served af}féknowledgments
CTX treatment. CTX accelerates diabetes progression in non obese
diabetic mice inducing a polarization toward glTtype of immune We are grateful to Dr lon Gresser (Paris, France) for providing us
respons®; notably, it has been postulated that type | IFN plays with the sheep antibody to mouse IFN$ and for the helpful
role in diabetes as well as in the pathogenesis of other autoimmutiscussion and suggestions. We thank Ms C. Gasparrini for

disease8?>! In a different context—adoptive immunotherapysecretarial aid.
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