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ARTICLE INFO ABSTRACT

Article history:

CD80/B7.1 expressed on monocytes plays a prominent role in the activation of T cell-mediated immunity
and its level is reduced in monocytes from cancer patients. Type I (/) and type II (y) IFNs are widely
administered as adjuvant therapy. We show here that both classes of IFNs upregulate CD80 mRNA and
protein in primary monocytes ex vivo. The stimulatory action of IFN-a/3 on CD80 is accompanied by the
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Keywords: activation of both interferon regulatory factors IRF-1 and IRF-7, whereas IFN-y stimulating effect is
/li“, . . associated only with IRF-1 induction. IFNs concomitantly upregulate the transcription of CD40
anFt_lfen presenting cells costimulatory molecule whose activation is known to require IRF-1. In monocytic U937 cells, IRF-1 is

activated by IFN-y but not by IFN-a/3, whereas it is the reverse for IRF-7; in the latter cells, only IFN-vy is
capable of stimulating CD80 transcription emphasizing the essential role of IRF-1. Moreover, siRNA
against IRF-1 prevents IFN-y-mediated CD80 activation. In AML cells, IFNs upregulate CD40, CD80 and
IRF-1 in the FAB-M4/M5 subtypes but not in the less differentiated M1/M2 subtypes. Monitoring the
expression of CD80 on AML cells and its modulation by IFNs could help to predict the patients more
susceptible to benefit from therapeutic strategies aimed at eliciting specific T cell responses to leukemia-

Acute myeloid leukemia

associated antigens.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

To achieve full T cell activation and recognition with the major
histocompatibility complex (MHC) classes I/Il on antigen present-
ing cells (APC) by the T cell receptor, a second signal is required
[1,2]. This is provided by antigen-independent interactions
between cosignalling molecules on T cells and their respective
ligands on antigen presenting cells or APC [1,2]. Costimulatory
molecules including CD40-CD154 and CD80-CD28 interactions,
play a prominent role in the initiation of immune responses [2,3].
Monocytes as APC, express the CD40 and CD80 molecules [1-3]. Of
importance, both antigens are either undetected or detected at low
levels in most human acute myeloid leukemia (AML) blasts [4-8].
Moreover, very low levels of CD80 are observed on circulating
monocytes from children with various cancers [9] and on
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monocytes infiltrating colorectal carcinomas [10]. This deficient
expression of CD40 and CD80 reflects an ineffective antigen-
presenting function of these cells. Yet, AML cells transfected with
the CD80 gene are capable of enhancing T cell effector function
[11-13]. As an alternative approach, human CD80 immunoglobu-
lin G (IgG) fusion protein targeted to the high-affinity Fc-y receptor
(CD64) expressed on AML blasts has been used to restore its
expression on these cells, thereby enhancing theirimmunogenicity
for autologous T cells [ 14]. Therefore, understanding the molecular
mechanisms involved in the upregulation of cosignalling mole-
cules may be helpful in order to stimulate T cell-mediated
immunity.

The interferon (IFN) family includes type I (o¢/3) and type II ()
IFNs that are implicated in the resistance of mammalian hosts to
pathogens and in the modulation of antiviral, antitumoral and
immune responses [15]. The efficacy of IFNs has been exploited in
maintenance therapy for patients with cancer and viral related
diseases [16,17]. Type I and type II IFNs, by respectively binding
type I and type Il IFN-receptors, activate both similar and dissimilar
Jak/Stat signal pathways [18-20]. IFN-a/3 stimulation leads to
the formation of two transcriptional activator complexes, a
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homodimer of signal transducer and activator of transcription
(Stat)1 and IFN-stimulated gene factor-3 (ISGF3) which comprises
Stat1, Stat2 and IRF-9 (or p48) [21]. Stat1 homodimer binds IFN-y-
activated site (GAS) motifs in promoter regions of various genes,
such as interferon regulatory factor-1 (IRF-1) gene [20,21]. ISGF3
binds to IFN-stimulated response element (ISRE) promoter regions
in ISRE-containing genes, including IRF-7 gene, and activates their
transcription [21]. IFN-y signals mainly through Stat1 homodimer
[20,21]. In addition, IFN-a and IFN-B may exhibit separate
bioactivities through their different affinities and rate constants
of interaction with IFN type I receptor subunits [22,23].

Previous studies have shown that TNF-«, IFN-3 and IFN-y
upregulate CD40 expression in various cell types including
monocytes [24,25]. NF-kB and IRF-1 have been implicated in the
regulation of CD40 expression [26-28]. Some data have shown
that CD80 expression in monocytes could be enhanced by IFN-y
[29,30], IFN-B [25] and TNF-a [31] but the molecular mechan-
isms involved are not elucidated. In the present work, we
studied the transcriptional regulation of CD80 in response to
IFNs in monocytes, in the monocytic U937 cell line and in AML
blasts. We investigated the potential involvement of transcrip-
tion factors IRF-1 and IRF-7 with regard to their key roles in IFN
signalling. Our results show the essential role of IRF-1 in the
coordinated upregulation of CD40 and CD80 genes and this
may have implications in the context of therapeutic potential
of IFNs.

2. Materials and methods
2.1. Reagents and antibodies

Ficoll-Hypaque was from GE Healthcare France (Aulnay-sous-
Bois, France). RPMI 1640 medium, L-glutamine, sodium pyruvate
and fetal calf serum (FCS) (lipopolysaccharide levels < 0.1 ng/mL)
were from Gibco (Paisley, Scotland). Gentamycin was from Flow
Laboratories (Rockwell, MD, USA). Recombinant human IFN-y
(2 x 107 U/mg) was supplied by R&D (Abingdon, UK). Recombinant
human IFN-a2a (2 x 108 U/mg) and IFN-B (2 x 108 U/mg) were
provided by Hoffman-La Roche (Basel, Switzerland) and Ares-
Serono (Geneva, Switzerland) respectively. Recombinant human
TNF-a (10% U/mg), neutralizing anti-human TNF-o (goat IgG, clone
AF-210-NA), anti-CD80-PE (mouse IgG1, clone 37711.111) and
anti-CD14-FITC (mlIgG2a, clone 134620) were from R&D (Abing-
don, UK). Anti-CD40-FITC (mlIgG1, clone 5C3) was from Becton
Dickinson (San Jose, CA, USA). IgG2a-FITC (clone U7.27) and IgG1-
PE (clone 679.1Mc7) were from Beckman-Coulter (Luminy,
France). IgG1-FITC (clone F1c2855), goat IgG (clone 0365C-
2028), anti-IRF-1 (rabbit polyclonal IgG, clone C-20), anti-IRF-7
(rabbit polyclonal IgG, clone H-246) and IRF-1 siRNA were from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti-actin (mIgG1,
clone C4) was from ICN Biomedicals (OH, USA). Negative control
siRNA was from Ambion (Austin, TX, USA).

2.2. Blood samples

Peripheral blood samples of 12 patients with acute myeloid
leukemia (AML) were obtained, after their informed consent, in
agreement with the revised Helsinki protocol rules, from the tumor
bank of the Hotel-Dieu hospital (Paris). AML cells were defined
according to cytological criteria based on the classification of the
French-American-British (FAB) committee. They included 4 M5
cases (monoblast/monocyte), 2 M4 (myelomonocyte), 2 M2 and 4
M1 (myeloblast). Blood samples from 27 unmatched healthy
volunteers were purchased from the Etablissement Francais du
Sang, EFS.

2.3. Cells isolation and cultures

Primary monocytes from normal blood donors were isolated by
Ficoll-Hypaque density gradient (1.077 g/mL) centrifugation and
adherence as described [32]. As assessed by flow cytometry
analysis of the CD14 antigen, adherent cells contained >95%
monocytes. Mononuclear cells from AML patients were isolated on
Ficoll-Hypaque gradient in the same way as described above for
primary monocytes. After counting, the isolated cells were directly
processed and plated at a density of 1 x 10°/mL in RPMI 1640
medium supplemented with 2 mM L-glutamine, 1 mM sodium
pyruvate, 40 pg/mL gentamycin containing 10% FCS. These cells
were cultured at 37 °C for various periods of time in a 5% CO,
humidified atmosphere, in the absence or presence of varying
concentrations of IFNs.

2.4. U937 cell line and IRF-1 siRNA transfection

The monocytic cell line U937 obtained from American Tissue
Cell Culture (Manassas, VA, USA) was grown in RPMI 1640
medium supplemented with glutamine, sodium pyruvate, genta-
mycin and 5% FCS at 37 °C. Cells (2 x 10°/mL) were cultured in the
absence or presence of IFNs (1000 U/mL) for 24 h. For transfection,
U937 cells (1 x 10%)in 100 wl solution kit V were transfected with
50 nM IRF-1 small interfering RNA (siRNA) or with negative
control siRNA using an Amaxa nucleofector according to the
manufacturer’s protocol (program U13). Cells were then plated in
6-well plates for 18 h, followed by stimulation with IFN-vy (500 U/
mL) for additional 18 h. Cells were then harvested, immunos-
tained with anti-CD80 and analyzed for CD80 expression by flow
cytometry.

2.5. Flow cytometry analysis

Intact cells were immunostained as described [32]. Co-
expression of CD40 and CD80 on monocytes and AML cells was
determined by two-color staining with fluorescein isothiocyanate
(FITC) and phycoerythrin (PE)-labeled antibodies. A total of
20,000-40,000 events were analyzed with a FACS flow cytometer
analyzer (Coulter-Beckman, Luminy, France). Values are given as
percentages of positive cells and median fluorescence intensity
(MFI) obtained by subtracting the peak channel number of the
negative control from the peak channel number of the correspond-
ing antibody.

2.6. RT-PCR analysis

RNA extraction and cDNA synthesis were conducted as
described [33]. Specific human primers were chosen according
to published sequences [33-36] and synthesised by Sigma-Proligo
(Sigma-Proligo France): CD80, 5'-TTG GAT TGT CAT CAG CCC TGC-
3’ (forward) and 5-ATT TTC TCC TTT TGC CAG TAG-5' (reverse);
IRF-1, 5'-CTT AAG AAC CAG GCA ACC TCT GCC TTC-3' (forward) and
5-GAT ATC TGG CAG GGA GTT CAT G-3' (reverse); IRF-7, 5'-TGC
AAG GTG TAC TCG GAG-3’ (forward) and 5’-TCA AGC TTC TGC TCC
AGC TCC ATA AG-3' (reverse); VEGF, 5'-ACA TCT TCC AGG AGT ACC
CTG ATG AG-3' (forward) and 5'-GCATTC ACATTT GTT GTG CTG T-
3’ (reverse); 32-microglobulin, 5'-CAT CCA GCG TAC TCC AAA GA-
3’ (forward) and 5'-GAC AAGT CTG AAT GCT CCA C-3' (reverse).
Specific primers for CD40 were from R&D (Abingdon, UK). The
annealing temperature of CD40 primer was 55 and 57 °C for the
others. PCR products were visualized by electrophoresis in 2%
agarose gel containing 0.2 pg/mL ethidium bromide (Euromedex,
Souffelweyersheim, France). Equivalent loading of lanes was
controlled by measuring the [32-microglobulin transcripts. The
NIH Image 1.63 software was used for the analysis and the
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quantification of the bands after acquisition in an Appligen
densitometer (Oncor).

2.7. Immunoblot analysis

Total cell extracts were prepared, separated on 12% poly-
acrylamide-SDS gels, transferred to nitrocellulose (Schleicher &
Schuell France) and blotted [37] with Abs for IRF-1 (rabbit
polyclonal IgG), IRF-7 (rabbit polyclonal IgG) or actin (mlIgG1) as
described previously [37] using the chemiluminescence tech-
nique developed by Santa Cruz. Immunoreactive protein bands
were detected by autoradiography on Hyperfilms (Kodak) and
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the bands were acquired with an Appligen densitometer
(Oncor).

2.8. Enzyme-linked immunosorbent assays

The culture supernatant fractions from cells (10° cells/mL)
cultured for 3 days in the absence or presence of IFNs were
harvested under sterile conditions and frozen before CD80 and
MMP-9 contents were determined using commercial ELISA Kkits
respectively provided by Bender MedSystems (Vienna, Austria)
and R&D (Abingdon, UK). Controls included FCS-supplemented
RPMI 1640 medium alone incubated under the same conditions.

A) ]
3 e
] control 3 IFN-o
7= = 57% (18) o 89% (73)
2 7.: —_—"
3 . --:
—_
-
g 2 . : 3 i
£ w? n w?
p=
= -
% 1mm
© md B IFN-B IFN-y
; 90% (72) 88% (72)
TN 4
-~
oo
-
. L) L] L) T L)
0 m' e o n w? "
CD80 relative fluorescence intensity
(B)
B v GEGT
100 [ 1
B v Greer

CD80 median fluorescence intensity

control

IFN-0.

IFN-B IFN-y

Fig. 1. Flow cytometry analysis of the expression of CD80 on monocytes before and after treatment with IFNs. Isolated monocytes (1 x 10° cells/mL) were cultured for 18 h
(A)or24 h(B)inthe absence or presence of [IFNs (1000 U/mL). (A) Representative histograms of monocytes stained with anti-CD80-PE (black line) or its isotype mIgG1-PE
(broken line) and then analyzed by flow cytometry. (B) Data are calculated as CD80 median fluorescence intensity obtained by subtracting the peak channel number
of the negative control from the peak channel number of the corresponding antibody and represent the mean of seven separate experiments + SD. P = 0.0001 compared

with control.
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The concentrations were calculated after subtraction of the control
values. Detection level was 0.1 ng/mL for CD80 and 1 ng/mL for
MMP-9.

2.9. Data analysis

Results from n independent experiments were analyzed for
statistical significant differences using the Student’s t-test. They
are expressed as the mean +SD. P values below 0.01 were
considered as statistically significant.

3. Results

3.1. Types I and II IFNs upregulate surface CD80 expression on
monocytes

As assessed by immunostaining and flow cytometry, freshly
isolated monocytes cultured in medium alone for 18 h expressed
low levels of CD80 surface protein (Fig. 1A). Exposure to IFNs
(1000 U/mL) resulted in a marked increase in the percentage of
CD80" monocytes (Fig. 1A), as well as in CD80 median fluorescence
intensity (Fig. 1B). To investigate the kinetics of the upregulation of
CD80 by IFNs, the effects of various times of stimulation (18, 24, 48
and 72h) were compared. Optimal enhancement of CDS80
expression in response to IFNs was already seen at 24 h after
stimulation and high levels of CD80 expression were maintained
for 72 h (Fig. 2A). The dose-response was analyzed by adding
varying concentrations of IFNs (10-2000 U/mL) Optimal upregula-
tion of CD80 by IFNs was almost observed at 2000 U/mL (Fig. 2B).
These data also indicate that roughly similar dose-responses and
kinetics were observed for both type I and type II IFNs.

To investigate whether the enhancement of surface CD80 was
associated with the release of soluble CD80, we measured CD80
protein in monocyte supernatants by ELISA. No detectable levels of
CD80 were found (data not shown), suggesting that surface CD80
upregulation was not accompanied by CD80 release to the
extracellular compartment.

3.2. Concomitant upregulation of cell surface CD40 and CD80 by IFNs

IFN- and IFN-y were previously shown to upregulate the
cosignalling molecule CD40 on monocytes [24,25]. We analyzed
the simultaneous expression of CD40 and CD80 on monocytes,
before and after IFNs treatment, by two-color direct immuno-
fluorescence. Fig. 3 shows one representative case in which
unstimulated monocytes (control) co-expressed CD40 and CD80 at
low levels (25%), and IFNs stimulation resulted in the appearance
of a predominant CD40°CD80" subpopulation (around 70%),
suggesting that both molecules are regulated by IFNs in a
coordinate way.

3.3. IFN-mediated regulation of CD80 mRNA transcription

We then investigated whether the IFN-driven increase in CD80
expression was at the transcriptional level. For this purpose, CD80
transcripts were examined in control and IFN-treated monocytes
by RT-PCR. Whereas CD80 transcripts were undetectable, or only
barely detectable in unstimulated monocytes, incubation with
1000 U/mL IFN-a, IFN-B or IFN-y for 18 h elicited a strong
enhancement of these transcripts in the treated cells (Fig. 4). This
indicates that increased surface CD80 in response to IFNs is likely a
result of increased CD80 mRNA transcription. In order to
investigate the transcription factors involved, the expression
profiles of IRF-1 and IRF-7 were examined. Whereas unstimulated
monocytes expressed undetectable or low levels of IRF-1 and IRF-7
transcripts, treatment with both types of IFNs led to a dramatic
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Fig. 2. Time- and dose-responses of the upregulation of CD80 expression by IFNs.
(A) Monocytes (1 x 106 cells/mL) were cultured for various time periods with
1000 U/mL IFNs. (B) Monocytes (1x10° cells/mL) were cultured in the absence or
presence of increasing concentrations of IFNs (10-2000 U/mL) for 24 h. Cells were
then assessed for CD80 expression by flow cytometry. Data from one experiment
representative of three are calculated as CD80 median fluorescence intensity.

stimulation of IRF-1 expression. In marked contrast, whereas IFN-y
was ineffective, the IRF-7 transcript was strongly increased by type
I interferons, as expected from previously reported study [21]
(Fig. 4). As controls, two genes whose expression is respectively
regulated by IRF-7 [38-40] and IRF-1 [41], namely VEGF and CD40,
were analyzed in parallel. As shown in Fig. 4, both types of IFNs
elicited a small increase in CD40 transcripts whereas the level of
VEGF mRNA was decreased by type I IFN but not by IFN-+. Finally,
trichostatin A (100 ng/mL), a known inhibitor of the ISGF3 complex
involved in the IRF-7 transcription [41], did not alter the surface
levels of CD80 in IFN-stimulated monocytes (data not shown).
Together, our results suggest the involvement of IRF-1 in IFN-
enhanced expression of CD80 in human monocytes.

3.4. IFN-v, but not IFN-o/[3, upregulates CD80 in U937 cells through
IRF-1 activation

In order to confirm this role of IRF-1 in CD80 expression, similar
experiments were performed with the U937 cell line. The latter
monocytic cell line is negative for CD40 but expresses CD80
[42,43]. To ascertain whether IRF-1 or IRF-7 signalling was
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Fig. 3. Cell surface CD40 and CD80 expression patterns of monocytes before and after IFN treatment. Monocytes (1 x 10 cells/mL) were cultured for 24 h with 1000 U/mL
IFNSs. Cells were stained with mIgG1-FITC/mlIgG1-PE (left panels) or anti-CD40-FITC/anti-CD80-PE (right panels) and then examined by flow cytometry. The x-axis shows log
FITC fluorescence and y-axis shows log PE fluorescence. The percentage of specifically stained CD40" cells, CD80" cells and CD40"CD80" cells is indicated respectively in the

lower right, upper left and upper right quadrants of each plot.

involved in CD80 upregulation induced by IFNs, we took advantage
of our observation that IRF-1 and IRF-7 activations are specifically
induced by one type IFN. Indeed, at variance with normal
monocytes, IRF-1 mRNA expression was enhanced by IFN-y but

not by IFN-a or IFN-3 (Fig. 5A). Conversely, IRF-7 mRNA was
increased by IFN-a/f3, but not by IFN-vy (Fig. 5A). Similar results
were observed at the protein level (Fig. 5B), although very faint
amounts of IRF-1 were detected in lysates of U937 cells treated
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Fig. 4. Effects of IFNs on CD80, IRFs, CD40 and VEGF transcripts in monocytes. The cDNAs from a representative monocyte sample cultured for 18 h with or without 1000 U/mL
of the various IFNs were used as templates for PCR reactions using specific primers for CD80, IRF-1, IRF-7, CD40, VEGF or 32-microglobulin (internal standard), as described in
Section 2. PCR products were run on 2% agarose gels. The intensity of the bands of the various transcripts were compared using the NIH Image 1.63 software after acquisition
in an Appligen densitometer (Oncor) and normalised with 32-microglobulin. Values represent the ratio of VEGF/2-m and CD40/B2-m mRNAs.
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Fig. 5. Effects of IFNs and IRF-1 siRNA on the expression of CD80 in U937 cells. (A) RT-PCR analysis of CD80, IRF-1, IRF-7 and [32-microglobulin transcripts after U937 cell
treatment (2 x 10°/mL) with IFNs (1000 U/mL) for 18 h. (B) Whole cell lysates (50 g of proteins) obtained from U937 cells treated with IFNs (1000 U/mL) for 24 h, were
separated by 12% SDS-PAGE. Western blots were probed with Abs against IRF-1, IRF-7 or actin. (C) Surface CD80 staining of U937 cells treated with IFNs 1000 U/mL for 18 h,
before or after transfection with IRF-1 specific siRNA or negative control (nc) siRNA as described in Section 2. C80-PE (black line) or its isotype mIgG1-PE (broken line).

with type I IFNs. Of note, the stimulatory effect of IFN-y on IRF-1
synthesis was accompanied by CD80 upregulation at the mRNA
(Fig. 5A) and surface protein (Fig. 5C) levels. Such enhancement of
CD80 protein levels was maintained for 72 h in IFN-y-treated U937
cells (data not shown). In contrast, [FN-a and IFN-f3, which
stimulate IRF-7, had no effect on CD80 mRNA (Fig. 5A) and protein
expression (Fig. 5C). These results indicate that IRF-7 is not
involved in the increased CD80 expression induced by IFNs, and
demonstrate the implication of IRF-1 in CD80 enhancement in
U937 cells. U937 cells were then transfected with siRNA for IRF-1
or scrambled siRNA as control for 24 h, followed by IFN-y
treatment for 18 h. IFN-y could not stimulate CD80 expression in
the cells transfected with IRF-1 siRNA, contrary to the cells
transfected with the negative control (nc) siRNA (Fig. 5C).
Together, these data confirm that IRF-1 is involved in IFN-
enhanced CD80 expression in human monocytic cells. They also
suggest a defect in the signalling pathway of type I I[FNs in U937

cells, inasmuch as these IFNs are unable to stimulate IRF-1
activation and CD80 expression.

3.5. Upregulation of CD80 on monocytes is not mediated by TNF-a

The possibility that TNF-a could upregulate CD80 expression in
monocytes was then investigated. In contrast to a previous report
[31], no stimulatory effect of exogenously added TNF-a. on CD80
expression was detected; the addition of TNF-a was also unable to
potentiate the effect of IFN-y (Table 1). We next tested the possible
implication of TNF-a endogenously released by monocytes in the
basal expression of CD80. Monocytes were incubated for 18 h with
neutralizing TNF-a antibody or with control goat IgG. As a control
of TNF-a action, matrix metalloproteinase-9 (MMP-9) production
was analyzed in parallel. While MMP-9 production was inhibited
in the presence of anti-TNF-a, but not of goat IgG as isotype
control, the levels of CD80 expression were not modified (Table 1).
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Table 1
TNF-a does not regulate CD80 expression in monocytes.

Treatment Percent of CD80 positive MMP-9 production
cells (median fluorescence (pg/mL/10° cells)
intensity)

Unstimulated 54 (41) 2750

+TNF-ot 59 (43) nd

+IFN-y 80 (86) 250

+TNF-a + [FN-ry 80 (91) nd

+goat I1gG 58 (59) 2320

+anti-TNF-a 50 (45) 290

Monocytes, cultured for 24 h in the absence or presence of TNF-o (10 pg/mL), IFN-y
(1000 U/mL), TNF-a¢ (10 pg/mL) + IFN-y (1000 U/mL), goat IgG (10 pg/mL) or
neutralizing goat anti-TNF-a IgG (10 wg/mL) were then tested for expression of
surface CD80 by flow cytometry and for MMP-9 production, as measured with a
specific ELISA (R&D). Flow cytometry results are given as % of CD80 positive cells
and mean fluorescence intensity (brackets). nd, not determined. An experiment
representative of two is shown.

Together, these data strongly suggest that CD80 expression does
not require TNF-a signalling and indicate that NF-kb signalling is
unlikely to be involved.

3.6. Differential upregulation of CD80 in AML cells according to FAB
subtype

We investigated the effects of IFNs on CD80 expression in
leukemic cells from 12 AML patients. Two groups of patients could
be classified according to the spontaneous expression of CD80 on
the leukemic cells and their modulation by IFNs. The first group
(n=7) of “non-responders” is characterized by a weak basal level
of CD80 (MFI < 20) and an absence of upregulation by IFN-y. The
second group (n =5) of “responders” displays significant expres-
sion of CD80 (MFI > 20) that markedly increases following IFN-y
treatment (Fig. 6A). IFN-a/[3 were also capable of enhancing CD80
expression in these “responders”, albeit to a lower degree (not
shown). Of importance, the “non-responders” group included all
FAB-M1/M2 patients and only one M5 patient. In contrast, the
“responders” group included FAB-M4/M5 patients and no M1/M2
patients. These subtypes of AML are defined by their distinct
morphologic features: M1 and M2 represent respectively undif-
ferentiated and differentiated myeloblastic leukemia; M4 and M5
myelomonocytic and monocytic variants. When regrouped in M1/
M2 on one hand and M4/M5 on the other hand, a significant
difference in the repartition between ‘“non-responders” and
“responders” was revealed (Table 2). As observed for normal
monocytes, IFNs were capable of coinducing CD40 and CD80
surface expression, as exemplified for one representative M5
patient whose cells were stimulated with IFN-y (Fig. 6B).

We also examined CD80, IRF-1 and IRF-7 transcripts in
“responders” and “non-responders”. As shown for one M5
responder, IRF-1, but not IRF-7 transcript was induced by IFN-y
treatment and also, albeit to a lesser degree, by IFN-3 (Fig. 7A);
these inductions of IRF-1 were paralleled with that of CD80,
inasmuch as upregulations of the CD80 transcript (Fig. 7A) and cell
surface protein (Fig. 7B) were observed. In contrast, both types of
IFNs were unable to stimulate IRF-1 and CD80 transcription in one
representative case of a FAB/M1 patient (Fig. 7A), even though type
I IFN triggered IRF-7 expression, as in normal monocytes. Together,
these results further emphasize that the increased CD80 surface
expression by IFNs is associated with IRF-1 activation in AML cells.

4. Discussion
CD40 and CD80 are key molecules in the initiation of primary

immune responses. In the present study, we show that type I and
type Il IFNs enhance CD40 and CD80 gene and protein expression
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Fig. 6. Effects of IFNs on the surface CD40 and CD8O0 levels in AML cells. Blasts
(1 x 10° cells/mL) from 12 AML patients with FAB M1 (4), M2 (2), M5 (4) and M4 (2)
were cultured in the absence or presence of IFN-y (1000 U/mL). Following 24 h,
cells were then stained with anti-CD40-FITC, anti-CD80-PE or their isotypes and
then analyzed by flow cytometry. (A) Surface CD80 staining of AML cells. Results are
expressed as CD80 median fluorescence intensity after subtraction of background
values for control isotype. (B) Representative cytograms with blasts from one
patient with FAB M5 subtype are shown.

-;zll;:;pzes of AML patients differ according to their CD80 expression.

Patients M1/M2 M4/M5 Total
Non-responders 6 1 7
Responders 0 5 5
Total 6 6 12

AML patients were classified in two groups according to their FAB subtype: M1/M2
and M4/M5. For each group, the numbers of “non-responders” (spontaneous
expression of CD80 with a MFI <20 and absence of upregulation by IFN-vy) and
“responders” (spontaneous expression of CD80 with a MFI >20 and upregulation by
IFN-y) were determined. Statistical analysis was performed using the Chi-square
test that gave a value of c=8.6, p < 0.001.

in normal and tumoral monocytes. IFN-inducible CD40 gene
expression was previously shown to be mediated by IRF-1 [27,28].
A sequence motif search of MatInspector-Genomatix allowed us to
identify in the CD80 gene (U33208) several consensus IRF-binding
sites, including two IRF-7 sites. An IRF-7 binding site in LPS-
stimulated monocytic THP-1 cells was reported in CD80 transcript
regulation by LPS [44]. We demonstrate here that IRF-1, but not
IRF-7, is involved in IFN-induced CD80 upregulation in monocytes,
as evidenced by the following observations: (a) treatment of U937
cells with IFN-y activated both IRF-1 and CD80 gene expression
whereas type I IFN-a/-induced IRF-7 without affecting CD80
transcript and protein levels; (b) siRNA directed against IRF-1
impaired the IFN-y-induced enhancement of CD80 levels; (c)



B. Bauvois et al./Biochemical Pharmacology 78 (2009) 514-522 521
) responder / M5 (B) 3000
2500+ ot control
= IFN-B  IFN-y |
2000 i1
" _ 15001 [\
o
10004 | \I‘v.;"'"‘"
W BTSN
0 —
CDso0 10° 10! 102 10° 10
3000 i
B2 micro- % 25001 ™ IFN-B
- g .
globulin E 2000 )
c Iy
= 15007 |
non responder / M1 3 ! J'M‘
10009 /S M 2
= IFN-B  IFN-y {1~ L __/f g
5007y A \\“u__
"
o _ 0 i —‘1 3 —5 ;4
SHiIC 10 10 10 10
IRF? - 2500 “\ |FN-Y
20004 | \
CcDs8o { /M
_ e f J'Iﬂ
10004 © I
B2 micro- 4 |
globulin 500 | '“‘w..—_—_'\;.'\-n
e .
0 w--—-'r«——----_\b—.- S—
10° 10’ 100 10° 10*

CD80 fluorescence intensity

Fig. 7. Effects of IFNs on CD80 transcript and protein levels in AML cells. Blasts (1 x 106 cells/mL) from two patients with AML, M5 (responder) or M1 (non-responder), were
cultured in the absence or presence of IFNs (1000 U/mL). (A) RT-PCR analysis of CD80, IRF-1, IRF-7 and 2-microglobulin transcripts after cell treatment for 18 h. (B)
Histograms of blasts from the M5 responder, stained with anti-C80-PE (black line) or its isotype mIgG1-PE (broken line) and then analyzed by flow cytometry.

trichostatin A which inhibits the formation of ISGF3 complex [41]
involved in the IRF-7 transcription, did not alter the surface levels
of CD80 in IFN-stimulated monocytes. TNF-a activates the
transcription factor NF-kB [45]. A NF-kB consensus sequence in
LPS-stimulated Raji B cells has been implicated in CD80
transcription [46]. Monocytes spontaneously release TNF-a [47]
and the possibility that TNF-«, through an autocrine loop, could
enhance CD80 expression was thus considered. This hypothesis
was ruled out, since TNF-a and neutralizing TNF-a antibody did
not alter the levels of surface CD80 expression on monocytes, thus
excluding the involvement of endogenous TNF-« in the stimulat-
ing action of IFNs on CD80.

We observed that the expression of CD80 is heterogenous in
12 AML cases, with M4 and M5 blasts expressing higher
constitutive levels of surface CD80 than in less differentiated
AML cells with M1, M2 subtypes. Type I IFNs exhibit significant
activity against AML in a xenograft murine model by inhibiting
AML cell proliferation in vivo [48]. Discordant studies showed
absent, low or overexpressed levels of IRF-1 transcripts in
AML [49,50]. Moreover, loss of one allele of the IRF-1 gene could
be observed in some patients with AML [51]. In our study,
IFNs preferentially increased CD80 transcript and protein levels
in AML blasts with M4 and M5 FAB subtypes. Consistently,
IFNs induced CD40/CD80 expression along with IRF-1 activation.
Our results also suggest that AML blasts with M1 and M2 FAB
subtypes could lose IFN-vy sensitivity as a mechanism to evade
immune detection. We recently found that the expression of
CD80 on blasts from a patient with a myeloproliferative
and myelodysplastic syndrome is increased upon IFNs stimula-
tion (not shown). With regard to immunotherapy, the
possible impact of IFNs on the expression profile of CD40 and

CD80 costimulatory molecules on tumoral cells from patients
with other hematological malignancies could be further
investigated.

Matrix metalloproteinase-9 (MMP-9) is involved in tumor
angiogenesis and tumor growth of AML cells [52]. We previously
showed that IRF-1 activated by IFNs is essential for the repression
of MMP-9 gene activation [37]. Along this line, we found a good
correlation between CD80 upregulation and MMP-9 inhibition by
IFNs in AML cells (not shown). It is therefore possible that
simultaneous CD40-CD80 upregulation and MMP-9 downregula-
tion by IFNs could have a detrimental effect on leukemic cells.

In conclusion, this study emphasizes the role of IRF-1 in the
upregulation of CD40 and CD80 costimulatory molecules on
normal and tumoral monocytes, and may help in the development
of novel therapeutic strategies eliciting specific T cell responses to
leukemia-associated antigens. Monitoring ex vivo the expression of
CD80 on AML blasts and its modulation by IFNs could be of great
interest to predict the patients who would be the more susceptible
to benefit from such treatments.
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