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There is some evidence that treatment with interleukin-2 

 

(IL-2) and interferon-alpha (IFN

 

a

 

) frequently induces 
depressive symptoms and activation of the inflammatory 
response system (IRS). There is evidence that major 
depression is accompanied by lowered serum activity of 
dipeptidyl peptidase IV (DPP IV; EC 3.4.14.5), a membrane-
bound serine protease which catalyses the cleavage of some 
cytokines and neuro-active peptides and which modulates T 
cell activation and the production of cytokines, such as IL-2. 
This study was carried out to examine the effects of 
immunochemotherapy with IL-2 and IFN

 

a

 

, alone and 
together, in cancer patients on serum DPP IV activity in 
relation to changes in depressive symptoms and the IRS. The 
Montgomery and Asberg Rating Scale (MADRS), serum 
DPP IV activity, and the serum IL-6, and IL-2 receptor 
(IL-2R) concentrations were measured in 26 patients with 
metastatic cancers before and three and five days after 
treatment with IL-2 and IFN

 

a

 

, alone or together. 

Treatment with IL-2 with or without IFN

 

a

 

 significantly 
suppressed serum DPP IV activity. The MADRS scores were 
significantly elevated by treatment with IL-2 with or without 
IFN

 

a

 

, but not IFN

 

a

 

 alone. The immunochemotherapy-
induced decreases in serum DPP IV were significantly and 
inversely correlated with the increases in the MADRS. 
Treatment with IL-2 alone or combined with IFN

 

a

 

 also 
elevated serum IL-6 and IL-2R. There were significant and 
inverse correlations between the immuchemotherapy-induced 
decreases in serum DPP IV and the elevations in serum IL-6 
or IL-2R. In conclusion, treatment with IL-2/IFN

 

a

 

 
decreases serum DPP IV activity within 3–5 days and the 
immunochemotherapy-induced decreases in serum DPP IV 
activity are significantly and inversely related to treatment-
induced increases in severity of depression and signs of 
activation of the IRS. 
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There is now some evidence that major depression is
associated with an activation of the inflammatory re-
sponse system (IRS), as indicated by the following find-
ings: 1) increased serum concentrations of positive
acute phase proteins (APPs) and decreased levels of
negative APPs; 2) increased numbers of peripheral
blood neutrophils, monocytes and activated T cells; 3)
enhanced production of mono- and T-lymphocytic
products, such as neopterin, prostaglandin E2 (PGE2),
and elastase; and 4) increased production of pro-
inflammatory cytokines, such as interleukin-1

 

b

 

 (IL-1

 

b

 

),
IL-6 and interferon-

 

g

 

 (IFN

 

g

 

) (review: Maes 1999).
Some of the evidence suggesting that cytokines con-

tribute to the genesis of depressive symptoms is based
on animal models. Thus, administration of IL-1 to ex-
perimental animals may produce behavioral alterations
and symptoms similar to those observed in major de-
pression, such as anhedonia, anorexia, weight loss, so-
cial withdrawal, psychomotor retardation, anergy, irri-
tability, and sleep disturbances (Yirmiya 1996; Bluthé et
al. 1992; Maier and Watkins 1995, 1998; Anisman et al.
1998; Dantzer et al. 1998; Linthorst and Reul 1998). En-
dotoxin administration to rats decreases the free con-
sumption of saccharin, a model of anhedonia or the in-
ability to experience pleasure (Yirmiya 1996). Sustained
elevated serum levels of IL-6 in mice results in a rapid
decline in preference for sucrose (Sakic et al. 1997). Ad-
ministration of IL-1

 

b

 

 and tumour necrosis factor-alpha
(TNF

 

a

 

) induce “anxiogenic-like” effects on the elevated
plus maze (Connor et al. 1998). In humans, a low dose
of IL-6 (0.5 

 

m

 

g/kg body weight) is associated with in-
creased ratings of fatigue, inactivity and difficulties
concentrating (Spath-Schwalbe et al. 1998).

Immunochemotherapy with cytokines, such as IL-2
and IFN

 

a

 

, in patients with cancer and hepatitis C, may
be accompanied by the appearance of depressive symp-
toms and full blown major depression. Within the first
few days of IL-2 immunochemotherapy, a considerable
number of patients report reduced energy, debilitating
fatigue, impaired confidence, depressed mood, distress,
malaise, poor appetite, weight loss, suicidal ideation,
and poor concentration (Denicoff et al. 1987; Baron et al.
1993; Eton et al. 1996; Joffe et al. 1996; Walker et al.
1997). Immunotherapy with IFN

 

a

 

 has become standard
therapy in (selected) patients with hepatitis and chronic
myelogenous leukemia. The psychiatric side effects of
IFN

 

a

 

 therapy are irritability, crying spells, agitation,
anhedonia, anorexia, weight loss, anxiety, social with-
drawal, psychomotor retardation, anergy, sleep distur-
bances and malaise, full blown mood disorders, mostly
depression but also mania, suicide, and relapse in drug
and alcohol abuse. Moreover, major depression is re-
ported in high frequency as a reason for dose reduction

or for stopping immunochemotherapy (Gutterman et
al. 1982; Janssen et al. 1994a; Kirkwood et al. 1996; Guil-
hot et al. 1997; Grob et al, 1998; McHutchison et al. 1998;
Davis et al. 1998; Valentine et al. 1998; Van Gool et al.
1999). Treatment of cancer patients with IL-2 increases
the plasma concentrations of IL-6 and the soluble IL-2
receptor (IL-2R), a T cell activation marker, whereas
IFN

 

a

 

 increases plasma IL-2 (Janssen et al. 1994b; Mef-
fert et al. 1994; Taylor and Grossberg 1998).

Conditions accompanied by activation of the IRS,
such as inflammatory and autoimmune disorders (rheu-
matoid arthritis, autoimmune chronic hepatitis, and
systemic lupus erythematosus (Fujita et al. 1978; De
Meester 1992; De Meester et al. 1993) and major depres-
sion (Maes et al. 1991; Elgun et al. 1999) are character-
ized by lowered serum activity of dipeptidyl peptidase
IV (DPP IV; EC 3.4.14.5). The ectoenzyme DPP IV is a
membrane-bound serine protease that catalyses the
cleavage of dipeptides from the amino-terminus of
oligo-and polypeptides under definite structural condi-
tions (De Meester 1992; De Meester et al. 1999; Hopsu-
Havu and Glenner 1966; Van Hoof et al. 1992). Cytok-
ines, such as tumor necrosis factor-alpha (TNF

 

a

 

) and
transforming growth-factor-

 

b

 

 (TGF-

 

b

 

) may inhibit DPP
IV mRNA expression in renal tubular epithelial and car-
cinoma cells or the expression of DPP IV enzyme activ-
ity (Kehlen et al. 1998; Riemann et al. 1995). Therefore, it
may be hypothesized that induction of the cytokine net-
work by administration of IL-2 and IFN

 

a

 

 may be accom-
panied by a suppression of serum DPP IV activity which
may be related to induction of depressive symptoms.

The aims of the present study were to examine
whether: 1) therapy with IL-2 and IFN

 

a

 

, alone or to-
gether, in patients with metastatic cancers may sup-
press serum DPP IV activity; and 2) the immunochemo-
therapy-induced reductions in serum DPP IV activity
are inversely related to depressive symptomatology
and signs of IRS activation, such as increased serum
IL-6 and IL-2R concentrations.

 

SUBJECTS AND METHODS

Subjects

 

Twenty-six cancer patients participated in the present
study. They were studied at the inpatient setting of the
Bergonie Institute, Comprehensive Cancer Center, Bor-
deaux, France between July 1997 and May 1999. The pa-
tients were allocated to three treatment groups: 1) Ten
patients with metastatic cell carcinoma (seven males/
three females; mean age: 58.2 

 

6

 

 11.1 years) treated with
daily subcutaneous IL-2 at a dose of 18 millions of inter-
national units (MUI) for five consecutive days; 2) Four
men with metastatic cell carcinoma (mean age: 44.0 

 

6

 

9.0 years) treated with IL-2 (subcutaneous 18 MUI/m

 

2

 

per day during five consecutive days) and IFN

 

a

 

 (subcu-
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taneous at the dose of 6 MUI on the first, third, and fifth
day after starting treatment); and 3) Twelve patients
with metastatic cell carcinoma or melanoma (six males/
six females; mean age 

 

5

 

 48.6 

 

6

 

 12.0 years) treated with
subcutaneous (s.c.) IFN

 

a

 

 or intravenous (i.v.) injections
of IFN

 

a

 

. IFN

 

a

 

 was administered s.c. on days 1, 3, and 5
in daily doses of 18 MUI to three subjects (one male/
two females) or was injected i.v. in daily doses of 20
MUI/m

 

2

 

 for five consecutive days in nine subjects (five
males/four females). These two latter groups treated
with IFN

 

a

 

, i.v. or s.c., were combined, because there
were no significant differences in the MADRS, DPP IV
and cytokine responses between both groups. All pa-
tients gave written informed consent after complete de-
scription of the study. This study was approved by the
local committee for the protection of patients in bio-
medical research (CCPPRB).

 

Methods

 

Blood samples for the assays of serum DPP IV activity
and serum IL-6 and IL-2R concentrations were collected
just before starting treatment (baseline) and three and
five days later. Blood was collected around 9.00 a.m.
(

 

6

 

60 min) before the administration of IL-2 and/or
IFN

 

a

 

. Sera were stored at 

 

2

 

70

 

8

 

C until thawed for assay.
The Montgomery and Asberg Depression Rating Scale
(MADRS) was used to assess the intensity of depressive
symptoms (Montgomery and Asberg 1979). The MADRS
was scored the same day as blood was collected, i.e., in
baseline conditions, and three and five days later.

Serum DPP IV was determined by means of a colori-
metric method using the chromogenic substrate glycyl-
L-proline-p-nitroanilide tosylate (Gly-Pro-p-NA) (Na-
gatsu et al. 1976). The method was adapted for direct
continuous measurement on the centrifugal analyzer Co-
bas Bio (Roche Diagnostics, Germany). The sensitivity of
the assay was 3.0 U/L. The conversion factors to trans-
form the units (U) employed in this study to the SI units
are: 1 U/L corresponds to 16.67 

 

3

 

 10

 

2

 

9

 

 kat/L, and 1 

 

3

 

10

 

2

 

9

 

 kat/L corresponds to 0.06 U/L. The sera of all sub-
jects were assayed on the same day and in one and the
same run by the same operator. The analytical impreci-
sion (i.e., the coefficient of variation, expressed as a per-
centage, CV%) of our DPP IV assay was CV 

 

5

 

 2.2%
(Maes et al. 1994). Serum IL-6 was measured by a quanti-
tative enzyme-linked immunosorbent assay (ELISA)
(Eurogenetics, Tessenderlo, Belgium) based on appropri-
ate and validated sets of monoclonal antibodies. Serum
IL-2R was measured by an EIA (Eurogenetics, Tes-
senderlo, Belgium). All serum specimens for IL-6 and IL-
2R were assayed in a single run with a single lot number
of reagents and consumables employed by a single oper-
ator. The intra-assay coefficient of variation for IL-6 was

 

,

 

 8.0% and for IL-2R it was 2.0%. The operators were
blind to the treatment schedules of the patients.

 

Statistics

 

Group mean differences were checked by means of
analyses of variance (ANOVA). Repeated measure
(RM) design ANOVAs were employed to examine the
within-subject variability with the baseline and post-
treatment values (Days 3 and 5) as time factor, the be-
tween-subject variability with the three treatment groups
as factors, and two-way interactions between time 

 

3

 

treatment groups. RM design ANOVAs were carried
out using the regression method in order to control for
the non-balanced number of subjects in the treatment
groups. The results of RM design ANOVAs were cor-
rected for sphericity. Tests on simple effects were car-
ried out in order to examine significant main effects or
significant interaction patterns (Howell 1982). The re-
sults were double-checked with the non-parametric
Friedman test. Comparisons among treatment means
and diagnosis were carried out with the Dunn test
(Howell 1982). Relationships between variables were
assessed by means of Pearson’s product-moment and
the point-biserial correlation coefficients. In order to ex-
amine the relationships between the IL-2/IFN

 

a

 

-
induced changes in the MADRS, serum DPP IV and
IL-6 or IL-2R, we computed the correlations between
the residualized values with the endpoint (Day 3 or 5)
values as dependent variable and the baseline values as
independent variable. The variables were processed in
transformation, where appropriate, i.e., DPP IV and IL-2R
in square root transformation and IL-6 in Box-Cox
transformation.

 

RESULTS

 

Figure 1 shows the MADRS scores and serum DPP IV ac-
tivity in baseline conditions and three and five days after
administration of IL-2 and/or IFN

 

a

 

. RM design ANOVA
performed on the MADRS values showed a significant
effect of time (F 

 

5

 

 9.7, df 

 

5

 

 2/40, 

 

p

 

 

 

5

 

 .0006) and a trend
toward a significant time 

 

3

 

 group interaction (F 

 

5

 

 2.3,
df 

 

5

 

 4/40, 

 

p

 

 

 

5

 

 .07). Analyses on simple effects showed
significant effects of time in subjects treated with IL-2 

 

1

 

IFN

 

a

 

 (F 

 

5

 

 4.7, df 

 

5

 

 2/44, 

 

p

 

 

 

5

 

 .01), IL-2 (F 

 

5

 

 11.1, df 

 

5

 

 2/
44, 

 

p

 

 

 

5

 

 .0003), but not in those treated with IFN

 

a

 

 alone
(F 

 

5

 

 0.4, df 

 

5

 

 2/44, 

 

p

 

 

 

5

 

 .7). In subjects treated with IL-2
and IL-2 

 

1

 

 IFN

 

a

 

, but not in those treated with IFN

 

a

 

alone, pairwise comparisons showed significantly higher
MADRS values three and five days after starting treat-
ment than in baseline conditions (

 

p

 

 

 

,

 

 .05).
RM design ANOVA performed on the DPP IV data

showed a significant effect of time (F 

 

5

 

 8.6, df 

 

5

 

 2/37, 

 

p

 

 

 

5

 

.001) and a significant time 

 

3

 

 group interaction (F 

 

5

 

5.1, df 

 

5

 

 3/37, 

 

p

 

 

 

5

 

 .005). Analyses of simple effects
showed significant effects of time in subjects treated
with IL-2 

 

1

 

 IFN

 

a

 

 (F 

 

5

 

 8.5, df 

 

5

 

 2/46, 

 

p

 

 

 

5 .001) and IL-2
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(F 5 5.3, df 5 2/46, p 5 .008), but not in those treated
with IFNa alone (F 5 0.4, df 5 2/46, p 5 .7). In subjects
treated with IL-2 1 IFNa, but not in those treated with
IFNa alone, pairwise comparisons showed significantly
lower DPP IV values three and five days after starting
treatment than in baseline conditions (p , .05).

In subjects treated with IL-2 alone, pairwise compar-
isons showed significantly lower DPP IV values five
days after starting treatment than in baseline conditions
(p , .05). In all subjects combined, Dunn tests showed
significantly lower serum DPP IV activity three (t 5

2.38, p 5 .02) and five (t 5 2.70, p 5 .009) days after
treatment than in baseline conditions. Also, using the
non-parametric Friedman test, we found that there
were significant differences in DPP IV between the
three conditions (i.e., baseline, Day 3 and Day 5) in pa-
tients treated with IL-2 with or without IFNa (p 5
.0006, n 5 14), with IL-2 alone (p 5 .007, n 5 10), with
IL-2 1 IFNa (p 5 .04, n 5 4), but not in those treated
with IFNa alone (p 5 .5, n 5 12). There was a significant
and positive correlation between the residualized (Day
5/baseline) MADRS scores and serum DPP IV (r 5

Figure 1. Bar chart (mean 6 SEM)
showing the scores on the Montgom-
ery and Asberg Rating Scale (MADRS)
and serum activity of dipeptidyl pepti-
dase IV (DPP IV; EC 3.4.14.5) in 26
patients with metastatic cancers before
(baseline) and three (Day 3) and five
days (Day 5) after treatment with inter-
leukin-2 (IL-2), IL-2 and interferon-a
(IL-2 1 IFN), and IFN alone.
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20.49, p 5 .01), suggesting that the changes in the
MADRS and serum DPP IV from baseline to 5 days
later are significantly and positively correlated.

Although the effects of IL-2/IFNa on the serum con-
centrations of cytokines, such as IL-6 and IL-8, and cy-
tokine receptors, such as the IL-2R, have been pub-
lished elsewhere (Capuron et al., submitted), we report
here on the associations between the IL-2/IFNa in-
duced-changes in DPP IV and the treatment-induced
changes in serum IL-6 and IL-2R, since the latter are
sensitive markers of in vivo IRS activation. Figure 2
shows the serum IL-6 and IL-2R responses to IL-2 and

IFNa in the cancer patients. RM design ANOVA per-
formed on the serum IL-6 values showed a significant
effect of time (F 5 15.5, df 5 2/45, p , 1024) and a trend
toward a significant time 3 group interaction (F 5 2.4,
df 5 4/45, p 5 .06). Analyses on simple effects showed
significant time effects in patients treated with IL-2 1
IFNa (F 5 7.6, df 5 2/46, p 5 .002) and IL-2 (F 5 10.1,
df 5 2/46, p 5 .0004), but not in those with IFNa alone
(F 5 1.5, df 5 2/46, p 5 .2).

In subjects treated with IL-2 1 IFNa and IL-2 alone,
but not in those treated with IFNa alone, pairwise com-
parisons showed significantly higher serum IL-6 three

Figure 2. Bar chart (mean 6 SEM)
showing serum interleukin-6 (IL-6)
and IL-2 receptor (IL-2R) in 26 patients
with metastatic cancers before (base-
line) and three (Day 3) and five days
(Day 5) after treatment with interleu-
kin-2 (IL-2), IL-2 and interferon-a
(IL-2 1 IFN), and IFN alone.
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and five days after starting treatment than in baseline
conditions (p , .05). In all patients combined, Dunn’s
test showed significantly higher serum IL-6 three (t 5
4.26, p 5 .0002) and five (t 5 4.69, p 5 .0001) days after
treatment than before. There were significant correla-
tions between the residualized DPP IV data (Day 5/
baseline) and the residualized IL-6 values three (Day 3/
baseline; r 5 20.47, p 5 .01) and five (Day 5/baseline; r 5
20.42, p 5 .03) days after starting treatment. Figure 3

shows the correlation between the residualized DPP IV
data (Day 5/baseline) and the residualized IL-6 values
three days after starting treatment, suggesting that the
changes in DPP IV from baseline to five days later may
be predicted (statistically) by the changes in serum IL-6
from baseline to three days later.

Figure 2 shows the effects of immunotherapy on se-
rum IL-2R. RM design ANOVA performed on the IL-2R
data showed a significant effect of time (F 5 3.5, df 5

Figure 3. Regressions of the residu-
alized DPP IV data (Day 5/baseline;
in Box-Cox transformation) on the
residualized interleukin-6 (IL-6) and
IL-2 receptor (IL-2R) values (Day 3/
baseline), suggesting that the changes
in DPP IV from baseline to five days
later may be predicted by the changes
in serum IL-6 and IL-2R from base-
line to three days later.
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1/22, p , 1024) and a significant time 3 group interac-
tion (F 5 17.7, df 5 2/22, p ,1024). Analyses on simple
effects showed significant effects of time in subjects
treated with IL-2 1 IFNa (F 5 36.5, df 5 2/44, p , 1024)
and IL-2 (F 5 34.0, df 5 2/44, p , 1024), but not in those
treated with IFNa alone (F 5 0.07, df 5 2/44, p 5 .9). In
subjects treated with IL-2 1 IFNa, and IL-2 and IFNa
alone, pairwise comparisons showed significantly
higher serum IL-2R values three and five days after
starting treatment than in baseline conditions (p , .05).
In all subjects combined, Dunn’s test showed signifi-
cantly higher serum IL-2R values five days after treat-
ment (t 5 7.89, p , 1024) than before and significantly
higher serum IL-2R values five days after treatment
than after three days (t 5 6.39, p , 1024).

There were significant inverse correlations between
the residualized serum DPP IV values (day 5/ baseline)
and the residualized IL-2R values, three (r 5 20.46, p 5
.02) and five (r 5 20.42, p 5 0.03) days after starting
treatment. Figure 3 shows the correlation between the
residualized DPP IV data (day 5/ baseline) and the re-
sidualized IL-2R values three days after starting treat-
ment, suggesting that the changes in DPP IV from base-
line to 5 days later may be predicted (statistically) by
the changes in serum IL-2R from baseline to three days
later.

There were no significant differences in age (F 5 2.8,
df 5 2/25, p 5 .08) and in the men/women ratio (x2 5
3.4, df 5 2, p 5 .2) between the study groups. There were
no significant correlations between age and the residual-
ized MADRS (r 5 20.02, p 5 .9), DPP IV (r 5 20.19, p 5
.6), IL-6 (r 5 20.05, p 5 .8), and IL-2R (r 5 20.05, p 5 .8)
values. There were no significant point-biserial correla-
tions between gender and the residualized MADRS (r 5
2 0.08; p 5 .7), DPP IV (r 5 0.25, p 5 .2), IL-6 (r 5 0.14, p 5
.5), and IL-2R (r 5 20.13, p 5 .5) values.

DISCUSSION

The major findings of this study are that treatment with
IL-2 (with or without IFNa), but not IFNa alone, signif-
icantly reduced serum DPP IV activity, and that the
therapy-induced reductions in serum DPP IV are signif-
icantly and inversely related to therapy-induced in-
creases in the MADRS score and in serum IL-6 and
IL-2R concentrations.

To the best of our knowledge, this is a first study re-
porting that treatment of cancer patients with IL-2 and
IL-2 1 IFNa significantly suppresses serum DPP IV ac-
tivity. Treatment with IL-2 1 IFNa resulted in a faster
suppression of DPP IV activity (obtained three days af-
ter starting treatment) than therapy with IL-2 alone (ob-
tained five days after starting treatment). These find-
ings could perhaps be ascribed to a potentiation of the
effects of IL-2 by IFNa. The mechanisms whereby se-

rum DPP IV activity is lowered has remained elusive.
The origin of serum DPP IV is, in part, determined by
peripheral tissues, such as T lymphocytes, the liver, en-
dothelial cells and platelets (Kasahara et al. 1984; re-
view: Scharpé et al. 1990). There is a known relationship
between DPP IV and the ligand CD26 which has been
localized on T cells. CD26, a 110 kDa T cell surface gly-
coprotein, exhibits DPP IV enzyme activity and has
been shown to play a crucial role in T cell activation
and production of cytokines, such as IL-2 and IFNg
(Ansorge and Schon 1987; Duke-Cohan et al. 1995;
Reinhold et al. 1996; Schon et al. 1989; Tanaka et al.
1994; Schmitz et al. 1996; De Meester et al. 1999).

In HIV1 patients, IL-2 immunochemotherapy re-
sults in a significant increase in the number of CD261 T
cells (De Paoli et al. 1997). On human natural killer
cells, CD26 expression is inducible by IL-2 (Yamabe et
al. 1997). On the T cell surface, the expression of the
CD26 molecule is increased together with that of other
activation markers, e.g. HLA-DR (Barton et al. 1990;
Iwaki-Egawa et al. 1995; Mattern et al. 1991; Scholz et
al. 1985). The suppressant effects of IL-2 immuno-
chemotherapy on serum DPP IV activity may be attrib-
uted to at least three different mechanisms: 1) Dimin-
ished shedding of DPP IV from IL-2 activated T
lymphocytes; 2) Differences in the effects of IL-2 on
CD26 expression in normal volunteers versus cancer
patients. For example, when peripheral blood T lym-
phocytes of oral cancer patients are cultured in the
presence of IL-2, the expression of CD26 on the mem-
branes is significantly lower in the patients than in
healthy controls (Uematsu et al. 1998); and 3) Cyto-
kines, such as TNFa and TGFb, which secretion may be
enhanced by IL-2, may reduce DPP IV expression.
Thus, Kehlen et al. (1998) reported that TNFa and TGFb
decrease DPP IV/CD26 mRNA in renal tubular epithe-
lial cells and renal cell carcinoma cells in culture. TGFb
inhibits the expression and enzyme activity of DPP IV
(Riemann et al. 1995). IFNa, on the other hand, may in-
crease DPP IV/CD26 mRNA expression in the same
cultures (Kehlen et al. 1998).

A second major finding of this study is the signifi-
cant and inverse relationship between the treatment-
induced increases in serum IL-6 and IL-2R and de-
creases in serum DPP IV. The findings that immu-
nochemotherapy increases the serum concentrations of
IL-6 and IL-2R suggests that IL-2 with or without IFNa
induces a potent stimulation of the cytokine network,
suggesting T cell (increased serum IL-2R and IL-6) and
monocytic (increased serum IL-6) activation (Cavaillon
1996). These results are in agreement with previous
studies reporting that IL-2 with or without IFNa in-
duces the production of secondary cytokines, such as
IL-6 (see Introduction) and the IL-2R (Cavaillon 1996).
The results that the changes in serum DPP IV are in-
versely correlated to serum IL-6 and IL-2R suggest that
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serum DPP IV activity is sensitive to graded differences
in IRS activation. These findings are in accordance with
previous studies showing that lower serum DPP IV ac-
tivity accompanies inflammatory disorders, such as
rheumatoid arthritis, colitis ulcerosa, autoimmune
chronic hepatitis, and systemic lupus erythematosus
(Fujita et al. 1978; De Meester 1992; De Meester et al.
1993).

The third major finding of this study is that there
was a significant inverse relationship between therapy-
induced increases in the MADRS score and decreases in
serum DPP IV. Our findings that IL-2 with or without
IFNa significantly increases the MADRS is in accor-
dance with a number of studies that cancer patients
treated with IL-2 (see Introduction) or IL-2 1 IFNa
(Schnittman et al. 1994) develop early depressive symp-
toms. The differences in the MADRS responses to IL-2
with or without IFNa versus IFNa alone may be ex-
plained by findings that depressive symptoms develop
within some days after starting IL-2 immunochemo-
therapy, whereas depressive symptoms appear later
during IFNa immunochemotherapy (Capuron and
Ravaud 1999). In the cancer patients treated with IL-2
with or without IFNa we found that the scores on all
MADRS items, except reduced sleep, (i.e., apparent and
reported sadness; inner tension; reduced appetite; con-
centration difficulties; lassitude; inability to feel; pessi-
mistic and suicidal thoughts) significantly increased
from baseline to five days later (Capuron et al. 2000).
These findings suggest that immunotherapy with IL-2
with or without IFNa not only induces the vegetative
symptoms of depression but also core depressive symp-
toms. In this respect, it is thought that IL-2 and/or IFNa
and/or their secondary induced cytokines, such as IL-6,
may exert their depressogenic activities through their
effects on brain serotonergic and catecholaminergic ac-
tivity and on the corticotropin-releasing hormone-corti-
sol axis (review: Maes 1999; Yirmiya 1997).

The findings that the therapy-induced changes in se-
rum DPP IV activity are inversely related to the
MADRS score extend previous results that lower serum
DPP IV activity occurs in major depression and that
there is a significant inverse correlation between serum
DPP IV activity and severity of depression in that ill-
ness (Maes et al. 1991, 1994, 1997; Elgun et al. 1999). It is
interesting to note that in depression, lowered serum
DPP IV activity is related to signs of IRS activation,
such as decreases in serum concentrations of negative
acute phase reactants, e.g., serum zinc and transferrin
(Maes et al. 1997). Even if other factors, such as stimula-
tion of the cytokine network, initiate the genesis of de-
pression in patients treated with IL-2 (and IFNa), low-
ered DPP IV may contribute to the persistence of
depression. Indeed, the suppressed activity of DPP IV
following immunotherapy may have psychoneuroim-
mune consequences, since some cytokines, chemokines

and neuro-active peptides are potential substrates of
DPP IV, e.g., IL-1b, IL-6, substance P, growth hormone
releasing hormone (GHRH), neuropeptide Y, and pep-
tide YY (Conlon and Sheehan 1983; Frohman et al. 1989;
Mentlein et al. 1993; Zukowska-Grojec 1997; Van Hoof
et al. 1995). Thus, a decreased proteolysis of pro-inflam-
matory cytokines, e.g., IL-1b and IL-6, and neuroactive
peptides, such as substance P, may be accompanied by
an increased inflammatory capacity and, thus, aggrava-
tion of immunotherapy-induced depression.

There are now several reports indicating a role for
DPP IV in tumor cell metastasis and in cellular traffick-
ing through the extracellular matrix (Ruiz et al. 1998).
For example, DPP IV expressed on rat lung capillary
endothelia is an adhesion receptor for breast cancer
cells (Cheng et al. 1998). Membrane-associated pro-
teases, such as DPP IV, allow metastasing cancer cells to
invade the extracellular matrix (Chen 1996). Therefore,
it is thought that the inhibition of DPP IV may be a new
approach to suppress cancer spread (Riemann et al.
1995). Consequently, it is tempting to hypothesize that
part of the efficacy of IL-2 in the treatment of metastatic
cancers may be related to its suppressant effect on DPP
IV activity and, thus, on the cellular trafficking through
the extracellular matrix and thus metastatic spread.

A first limitation of the present study is that the
study is limited to observations approximately one
week after therapy. Another limitation is that only one
rating scale for depression was used. A third limitation
of the present study is the small sample size. Directions
for future research include the assessment of DPP IV ac-
tivity in relation to adenosine deaminase and the cyto-
kine network following repeated administration of IL-2
and/or IFNa for longer periods of time. Our laboratory
examines now the long-term effects of treatment with
IFNa on serum DPP IV activity and on the cytokine net-
work in relation to a number of rating scales, assessing
depression and anxiety.
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