Research Article

Neuroimmunomodulation

Neuroimmunomodulation 2020;27:152-162
DOI: 10.1159/000513093

Received: July 17, 2020
Accepted: November 1, 2020
Published online: January 27, 2021

Association of Chemokine (C-C Motif) Receptor
5 and Ligand 5 with Recovery from Major
Depressive Disorder and Related Neurocognitive

Impairment

Vladimir M. Milenkovic?
Johannes Weigl? Lisa-Marie Bahr?
Christian H. Wetzel?

Olivia Bauer?

Rainer Rupprecht?

Sven Hilbert?
Thomas C. Wetter?
Caroline Nothdurfter?

Nina Sarubin¢<d

Barbara Heckel?

aDepartment of Psychiatry and Psychotherapy, University of Regensburg, Regensburg, Germany; PFaculty of
Human Sciences, University of Regensburg, Regensburg, Germany; ‘Hochschule Fresenius, University of Applied
Sciences, Munich, Germany; 9Department of Psychology, Psychological Methods and Assessment, Ludwig-

Maximilians-Universitat, Munich, Germany

Keywords

Chemokine (C-C motif) receptor 5 - Chemokine (C-C motif)
ligand 5/RANTES - Major depressive disorder - Cognitive
impairment - Cambridge Neuropsychological Test
Automated Battery

Abstract

Introduction: Inflammatory processes play an important
role in the pathophysiology of major depressive disorder
(MDD), but their relevance for specific symptoms such as
neurocognitive impairment is rarely investigated. Methods:
In this observational study, we investigated the changes of
leukocyte chemokine (C-C motif) receptor 5 (CCR5) and li-
gand 5 (CCL5) mRNA levels and inflammatory cytokines in 60
MDD patients before (PRE) and after 5 weeks (W5) of antide-
pressive treatment in relation to therapy response and al-
terations in cognitive functions by means of the Cambridge
Neuropsychological Test Automated Battery (CANTAB). We
hypothesized that elevated CCR5 and CCL5 levels in de-
pressed patients would decrease upon treatment and could
differ with regard to cognitive impairment associated with
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MDD. Results: Both CCR5 and CCL5 levels were significantly
decreased in the responder group compared to nonre-
sponders even before treatment. The cytokine IL-6 as a mark-
er of inflammation in depression did not show a difference
beforetreatmentinfuturerespondersversusnonresponders,
but decreased significantly upon antidepressive therapy. Re-
garding neurocognitive impairment in MDD patients, an in-
creased misperception of the emotion “anger” after 5 weeks
of treatment proved to be associated with a more pro-
nounced change in CCR5, and the perception of the emotion
“disgust” became faster along with a stronger decrease in
CCL5 over the same time. Executive functions typically im-
paired in MDD patients were not markedly associated with
alterations in CCR5/CCL5. Discussion: CCR5 and CCL5 are im-
portant in the targeting of immune cells by HIV. This is the
first study providing valuable hints that both CCR5 and CCL5
might also serve as markers of therapy response prediction
in MDD. Regarding neurocognitive impairment in depres-
sion, CCR5 and CCL5 did not reveal characteristic changes
upon MDD treatment such as executive functions, which are
probably delayed. However, changes of emotional percep-
tion appear to be an earlier responding feature.
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Introduction

Major depressive disorder (MDD) is a highly prevalent
and disabling disorder that is expected to become the
largest global burden of disease within the next 2 decades
according to the World Health Organization [1]. Patho-
physiological mechanisms underlying depression are
manifold and complex - among these are monoamine
deficiency, abnormalities in the hypothalamic-pituitary-
adrenal axis, or perturbations in neurogenesis [2]. There
is accumulating evidence that suggests an association of
inflammatory processes with MDD, thereby involving C-
reactive protein and inflammatory cytokines [3-5]. Re-
cent data have further implicated a related family of im-
mune proteins referred to as chemokines in many neuro-
immune processes relevant to psychiatric disorders such
as depression [6-9]. Chemokines are small (7-12 kDa)
cytokines that induce directed chemotaxis and mediate
leukocyte migration and inflammatory response [10].
Anti-inflammatory compounds therefore are and remain
promising treatment approaches in MDD [11].

In general terms of therapy strategies for MDD, most
treatments focus on the main symptoms such as de-
pressed mood, loss of interest, and reduced energy. Cog-
nitive dysfunction (such as reduced concentration and
attention), however, very often remains insufficiently ac-
knowledged. It is obvious that mechanisms underlying
such neurocognitive impairment need to be investigated
in more depth to optimize treatment strategies. In a study
by Zhou et al. [12], cognitive impairment could be associ-
ated with specific alterations in chemokine levels. It was
shown that decreasing the function of the chemokine
(C-C motif) receptor 5 (CCR5) increases long-term po-
tentiation and hippocampus-dependent memory in mice.
Gates and colleagues [13] demonstrated similar effects of
CCRS5 suppression in humans - the use of CCR5 inhibi-
tors could improve global neurocognitive functioning in
patients suffering from HIV-associated neurocognitive
disorder.

CCR5, also known as CD195, is a G protein-coupled
chemokine receptor that is expressed on the surface of T
cells, macrophages, dendritic cells, eosinophils, microglia,
and certain cancer cells [14-16]. CCR5 plays an important
role in HIV-1 infection because the virus uses CCRS5 to
enter the target immunological host cells [17, 18]. In ad-
dition, other infectious diseases, such as malaria, involve
CCR5-mediated recruitment of immune cells [19]. How-
ever, CCR5 is also involved in cancer biology [20, 21] and
brain pathologies, such as the inflammatory response in
stroke [22]. A natural ligand of CCR5 is, among others,
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chemokine (C-C motif) ligand 5 (CCL5) - a chemotactic
cytokine also known as RANTES (regulated on activation,
normal T cell expressed and secreted) [23, 24]. CCL5/
RANTES is produced by cytotoxic T cells and is likewise
important in the defense against HIV infection by com-
petitive binding to the receptor CCR5 [25, 26].

With regard to MDD, there is evidence that CCR5 as
well as CCL5 levels are increased in patients suffering
from depressive disorder compared to healthy subjects
[27]. However, a time course of CCR5 development dur-
ing treatment of MDD has not yet been shown. Further-
more, the role of CCR5 (and its ligand CCL5) in neuro-
cognitive impairment in MDD, which is a very common
and often underestimated symptom, still has to be clari-
fied. Our study therefore aimed to investigate the change
of CCR5 and CCL5 mRNA levels in leukocytes and neu-
rocognitive impairment of 60 inpatients suffering from
MDD before (PRE) and after 5 weeks (W5) of antidepres-
sive treatment. Considering previous data of CCR5 and
CCL5 in depression, we hypothesized that elevated CCR5
and CCLS5 levels in MDD patients would decrease upon
successful treatment. In addition, we expected improve-
ments of cognitive impairment upon antidepressive ther-
apy to be related to a decrease in CCR5 (and CCLS5) levels.

Subjects and Methods

Study Overview

Seventy depressed inpatients, treated at the Department of Psy-
chiatry and Psychotherapy, University of Regensburg, Germany,
were included in this open-label 5-week observational study. Of
these patients, 60 completed the study; 10 failed the final examina-
tion W5. The recruitment period lasted from August 2018 to Feb-
ruary 2020. Since our study was designed to explore potential dif-
ferences in clinical response independent of treatment, leukocyte
CCR5 and CCL5 mRNA levels, inflammatory cytokines, and cog-
nitive impairment in MDD, the following were defined as primary
outcome measures: severity of depression assessed by Hamilton
Depression Rating Scale (HAMD-21) sum scores [28], CCR5/
CCL5 mRNA levels, IL-1B/IL-6/TNF-a, and cognitive impairment
measured by means of Cambridge Neuropsychological Test Auto-
mated Battery (CANTAB) scores [29, 30]. Therapy response was
defined as a reduction of at least 50% in the HAMD-21 sum score
after 5 weeks of treatment (W5) compared to baseline (PRE). All
raters were experienced psychiatrists and blind to CCR5/CCLS5,
cytokines, and CANTAB measurements. Raters were not changed
in a single patient throughout the whole study period. Full blood
samples for the assessment of CCR5/CCL5 mRNA levels in leuko-
cytes (2 x 9.5 mL EDTA blood collection tubes) and cytokines in
plasma (9.5 mL LiHe tubes) were collected before antidepressant
treatment started (PRE) and after 5 weeks of treatment (W5) as
well as the CANTAB. Antidepressant medication was not con-
trolled in this study, and it was chosen according to clinical judg-
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ment at the discretion of the psychiatrist in attendance. Table 1
gives an overview of the medication patients received.

The study was carried out according to the World Medical As-
sociation Declaration of Helsinki (http://www.wma.net) and had
been approved by alocal ethics committee (intramural review pan-
el of the University Regensburg, Faculty of Medicine). Clinical tri-
al number: Z-2018-1030-3; reference number of the ethics com-
mittee: 18-1037-101. The study has been registered at the German
Clinical Trials Register (http://www.drks.de) under the number
DRKS00023311.

Eligibility

Seventy inpatients (between 18 and 60 years of age) with an
MDD episode according to DSM-IV criteria [31] were included in
the study after the procedures had been fully explained and written
informed consent had been obtained. Patients had to show clear
signs of an MDD episode with a HAMD-21 sum score of at least
17. All participants were free of comorbid psychiatric disorders
and acute somatic disorders; chronic somatic disorders such as
arterial hypertension or hypothyroidism had to show normal val-
ues under stable respective medication. Regular intake of steroids
or nonsteroidal anti-inflammatory drugs was not allowed and was
controlled 3 days prior to and during the study. Female patients
could not enter the study in case of pregnancy or breast feeding.
Patients did not receive payment or other rewards for study par-
ticipation. Sixty (27 males and 33 females) out of 70 patients com-
pleted the full study period up to week 5 including 2 blood with-
drawals for CCR5/CCLS5 determinations, 2 HAMD-21 ratings, and
underwent CANTAB testing twice before (PRE) and after 5 weeks
of treatment (W5), respectively. Clinical and demographic charac-
teristics of all patients who completed the study are given in Ta-
ble 2.

Isolation of PBMCs

was loaded into the upper chamber of a 50-mL LeucoSep tube
(Greiner, Erlangen, Germany) to be centrifuged at 900 g for 1 min
atroom temperature (RT). Then, 12 mL of EDTA whole blood was
added and centrifuged at 400 g for 15 min at RT. Afterwards, the
peripheral blood mononuclear cell (PBMC) layer was collected
and transferred to an ice-cold 50-mL tube. It was filled to the max-
imum volume of 50 mL with PBS/0.05% BSA precooled at 4°C.
Cells were washed twice with PBS/0.05% BSA by centrifugation at

Table 1. Antidepressive medication

Drug Sample, %
SSRI 38.3
SNRI 40.0
Tricyclic antidepressant 6.7
Mirtazapine 16.7
Agomelatine 1.7
Bupropion 13.3
Mood stabilizer 6.7
Atypical neuroleptic 70.0
Drugs

1 21.7
2 58.3
3 20.0

In the left column of the upper part, drugs prescribed to patients
are listed. The right column of the upper part represents the
percentage of patients who received the respective drug. In the left
column of the lower part, the number of drugs prescribed in
parallel is listed. The right column of the lower part shows the
percentage of patients who received such combinations. SSRI,

2x9.5 mL of peripheral blood was drawn by venipuncture into  elective ~ serotonin reuptake inhibitors; SNRI, serotonin

EDTA blood. collection tubes for 1mmed1at§ use. 15-mL Pancoll |, 2drenaline reuptake inhibitors.
human density 1.077 g/mL (PanBiotech, Aidenbach, Germany)
Table 2. Clinical and demographic data of depressive patients

All patients Responder Nonresponder Statistical evaluation

(n=60) (n=232) (n=28)
Sex (male/female) 27/33 14/18 13/15
t test mean + SD mean + SD mean + SD t df p value
HAMD-21, PRE 24,417+5,652 24,844+5,600 23,929+5,773 -0.621 56.441 0.537
HAMD-21, W5 12,533+6,917 7,563+3,426 18,214+5,322 9.073 44981 <0.001*
Age, years 38,167+£12,933 40,313+12,540 357,143+13,163 -1.380 56.099 0.173
Age of onset, years 32,088+13,072 34,065+13,446 29,731+12,457 -1.262  54.424 0.213
Depressive episodes, n 3,449+3,446 3,393+2,726 3,524+4,297 0.122 31.756 0.903
Duration of index episode, weeks 34,550+76,160 32,688+91,024 36,679+56,153 0.207  52.441 0.837

Data represent mean + SD (standard deviation). Statistical parameters of Welch sample ¢ tests for unequal variances are provided.
Significant results are printed in bold and marked with an asterisk. Clinical response (responders) was defined by a reduction of at least
50% of the PRE HAMD-21 score after 5 weeks of treatment. HAMD-21, Hamilton Depression Rating Scale, 21-item version; PRE, time
at admission; W5, after 5 weeks of treatment. * Significant at a = 0.05.
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250 g for 10 min at 4°C, respectively. Cell number was counted and
extrapolated to 1 mL of patient’s blood before freezing cells at
-80°C for further use.

PCR Analyses of Leukocyte CCR5 and CCL5 Levels

To determine the expression of CCR5 and CCL5 in leukocytes,
RNA was extracted from 2 million leukocytes using RNA Plus Kit
(Macherey-Nagel, Diiren, Germany) according to the
manufacturer’s instructions. First-strand cDNA synthesis from
500 ng of total RNA was performed with QuantiTect Reverse
Transcription Kit (Qiagen, Hilden, Germany). Quantitative real-
time PCR experiments were performed with the Rotor-Gene-Q
device (Qiagen) using the 1 x Takyon SYBR Master Mix (Eurogen-
tec, Koln, Germany) and specific intron spanning primers, listed
in Table 3. Measurements were performed in triplicate, and results
were analyzed with Rotor-Gene-Q software version 2.3 (Qiagen)
applying the AACt method for relative quantification.

CCR5-Delta32 Mutation

Genomic DNA was extracted from 2 million PBMCs with the
QIAamp DNA mini kit (Qiagen) according to the manufacturer’s
protocol. DNA quality was assessed utilizing optical absorbance
and gel electrophoresis. The portion of the exon 2 of the CCR5 gene
containing the delta 32 mutation was PCR amplified and sequenced
using the Sanger method. Sequencing primers used in this study are
listed in Table 3. Sequencing data were analyzed using the Snap-
Gene software (from GSL Biotech; available at snapgene.com).

V-PLEX Immunoassay

Plasma levels of the cytokines IL-1pB, IL-6, and TNF-a were
measured by means of the V-PLEX Cytokine Panel 1 (Meso Scale
Discovery, Rockville, MD, USA), according to the manufacturer’s
instructions. For that purpose, 50 pL of each 1:2 diluted plasma
sample was added in duplicate to each well of the precoated 96-well
plate and incubated at RT for 2 h under continuous shaking. After
washing plates 3 times with wash buffer (Meso Scale Discovery,
Rockville, MD, USA), sulfotag detection antibody cocktail (Meso
Scale Discovery) was added to each well. Plates were incubated for
2hatRT under continuous shaking. In the end, plates were washed
again, and data were acquired on the Meso QuickPlex SQ 120 elec-
trochemiluminescence plate scanner after addition of 150 pL of 2
x read buffer. Data were analyzed using the Discovery Workbench
4.0 software (Meso Scale Discovery). Standard curves for each cy-
tokine were generated using serial 4-fold dilutions of the standards
provided in the kit. Cytokine concentrations were determined

from the standard curve using a four-parameter logistic fit curve
to convert the mean light intensities into concentrations. The low-
er and upper limits of quantification were determined for each
cytokine and for each plate.

Cambridge Neuropsychological Test Automated Battery

(CANTAB)

Depressive patients performed the Cambridge Neurocognitive
Test Automated Battery (CANTAB - http://www.cantab.com),
which is a validated and standardized tool for the assessment of
neurocognitive functioning [29, 30]. The subset for affective dis-
orders consists of 5 subtests.

Rapid Visual Information Processing

A white box is shown in which digits from 2 to 9 appear in a
pseudo-random order at a rate of 100 digits per minute. Patients
are requested to detect target sequences of digits (e.g., 3-5-7) and
respond by pressing a button as quickly as possible.

Spatial Working Memory

This test requires retention and manipulation of visuospatial
information and provides a measure of strategy as well as working
memory errors. Patients are presented a number of boxes on the
screen. By selecting boxes and using a process of elimination, pa-
tients should find 1 yellow “token” in each of the number of boxes
and use them to fill up an empty column on the side of the screen.

Delayed Match to Sample

Delayed match to sample assesses both simultaneous visual
matching ability and short-term visual recognition memory, for
nonverbalizable patterns. Patients are presented a complex visual
pattern that is both abstract and nonverbal, followed by 4 similar
patterns after a brief delay. They have to select the pattern, which
exactly matches the sample. In some trials, the sample and the
choice patterns are shown simultaneously, and in others, there is
a delay before the 4 choices appear.

One Touch Stockings of Cambridge

This is a test of executive function, based upon the Tower of
Hanoi test, which assesses both the spatial planning and the work-
ing memory subdomains. Patients are shown 2 displays containing
3 colored balls. These displays are presented in such a way that they
can be easily perceived as stacks of colored balls held in stockings
suspended from a beam. Patients are requested to copy a given pat-
tern by moving only 1 ball at a time.

Table 3. Primers used for genotyping and qRT-PCR

Primer name Forward primer (5'-3)

Reverse primer (5'-3")

CCR5A32 TTAAAAGCCAGGACGGTCAC GACCAGCCCCAAGATGACTA
CCR5 GAGACATCCGTTCCCCTACA GGCAGGGCTCCGATGTATAA
CCL5 TACACCAGTGGCAAGTGCTC TGTACTCCCGAACCCATTTC

HPRT1 TTGCTTTCCTTGGTCAGGCA ATCCAACACTTCGTGGGGTC

CCR5, chemokine (C-C motif) receptor 5; CCL5, chemokine (C-C motif) ligand 5; HPRT1, hypoxanthine
phosphoribosyltransferase 1 housekeeping gene.
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Fig. 1. CCR5 and CCL5 levels in relation to clinical response. Relative mRNA levels of CCR5 (a) and CCLS5 (b)
measured by real-time PCR in leukocytes of depressed patients in relation to clinical response after 5 weeks of
treatment. Clinical response (responder vs. nonresponder) was defined by a reduction of at least 50% of the PRE
(at admission) HAMD-21 score after 5 weeks of treatment (W5). Significant differences are marked with an as-
terisk. CCR5, chemokine (C-C motif) receptor 5; CCL5, chemokine (C-C motif) ligand 5.

Emotion Recognition Task

Emotion recognition task (ERT) measures the ability to iden-
tify 6 basic emotions (sadness, happiness, fear, anger, disgust, or
surprise) in facial expressions along a continuum of expression
magnitude. Computer-morphed images derived from real indi-
viduals, each showing a specific emotion, are displayed for 200
ms. The CANTAB is computerized and was carried out twice in
every subject, at PRE (baseline) and W5 (5 weeks after treat-
ment).

Statistical Analyses

All analyses were conducted using the statistical software R
[32]. Alterations in the levels of CCR5, CCL5, and cytokines over
time (PRE, before antidepressive therapy; W5, after 5 weeks of
treatment) for responders and nonresponders were analyzed us-
ing linear mixed regression models using the package “lme4”
[33]. Type I error probabilities for the regression coefficients
were calculated using the package “ImerTest” [34]. Due to trip-
licate determination of CCR5/CCL5 and duplicate cytokine lev-
els, the arithmetic mean of each value per single sample was de-
termined and used as a dependent variable. Unconditional ran-
dom effects models (UREMs) were estimated to analyze the
effect of possible within-subject variances of CCR5/CCLS5 levels
and cytokine concentrations. Subsequently, intraclass correla-
tions (ICCs) were calculated to quantify the inter- and inner-
subject variation. For the analysis change in CCR5/CCLS5 levels
and cytokine concentrations, linear growth variables “time”
were created, using the coding 0 and 1 for the time points PRE
and W5, respectively. Dummy coding (nonresponder: 0; re-
sponder: 1) was applied to create the variable “response” for the
estimation of the relationship of treatment response (according
to HAMD-21 at W5) on the mean CCR5/CCLS5 levels and cyto-
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kine concentrations. In order to analyze the relationship be-
tween treatment response and the change in CCR5/CCLS5 levels
over time points PRE and W5, an interaction term entered the
analysis. The model was estimated, allowing for varying inter-
cepts (i.e., initial CCR5/CCL5 levels and cytokine concentra-
tions) between patients, thereby accounting for the nesting in
the data within subjects. For a detailed overview of the interpre-
tation of the effects of this type of dummy coding for longitudi-
nal intervention studies analyzed with linear mixed models, see
Hilbert et al. [35]. All tests were run two-tailed, and all type I
error probabilities underwent 50-fold Bonferroni correction to
account for the total ten fitted regression models. The p values
are reported without correction, yet for that CANTAB models,
due to the large amount of tests, statistical significance was only
assumed for values of p < 0.001.

Results

Clinical Characteristics of Patients

There were no marked differences between responders
and nonresponders with regard to clinical or demograph-
ic variables (all p > 0.05 for all comparisons; see Table 2).
Regarding HAMD-21 treatment response (reduction of
at least 50% in the HAMD-21 sum score after 5 weeks of
medication), 32 patients were responsive to antidepres-
sive treatment, while 28 patients were nonresponders (see
Table 2).

Bauer et al.



Table 4. CCR5 and CCLS5 levels in relation to clinical response

Table 5. Cytokine levels in relation to clinical response

Coefficient Estimate SE df t p value Coefficient Estimate SE df t p value
CCR5 IL-1B
(intercept) 25.211 0.334 80.110 75.481 <0.001* (intercept) 0.076 0.167 111 0.454 0.651
Response -1.408 0.457 80.110 -3.078  0.003* Response 0.049 0232 111 0.212  0.832
Time -0.169  0.272 58.000 -0.624 0.535 Time -0.004 0236 111 -0.017  0.987
Response:time  —0.352  0.372  58.000 -0.947  0.347 Response:time 0.426 0324 111 1.317  0.191
CCL5 IL-6
(intercept) 18.785  0.352 85.987 53.387 <0.001* (intercept) 0.819  0.127 93.577 6.473 <0.001*
Response -1.229 0482 85987 -2.550  0.013* Response -0.236 0.173  93.577 -1.477  0.143
Time 0.114 0.318 58.000 0.359 0.721 Time -0.300 0.128 58.000 -2.345  0.023*
Response:time  —0.633  0.436 58.000 -1.452  0.152 Response:time 0.168  0.175 58.000 0.958  0.342
Relative mRNA levels of CCR5 (upper part) and CCL5 (lower INF-a

. (intercept) 1.473 0.105 89.730 13.992 <0.001*
part) and HAMD-21 scores were assessed at baseline (PRE) and
after 5 weeks of treatment (W5). Clinical response (responder vs. R.esp onse 0.192 0.144  89.730  1.326  0.188
nonresponder) was defined by a reduction of at least 50% of the Time 0.035 0.10158.000 0.350  0.727

Response:time ~ —0.087 0.138  58.000 -0.628  0.533

PRE HAMD-21 score after 5 weeks of treatment. To analyze the
relationship between treatment response and a change in CCR5/
CCL5 levels over time, an interaction term entered the analysis
(response:time). Coefficient, regression coefficient; estimate,
estimated parameter value; SE, standard error of the parameter
estimate; df, degrees of freedom; t, t value; p, probability of
committing a type I error; CCR5, chemokine (C-C motif) receptor
5; CCL5, chemokine (C-C motif) ligand 5; intercept, intercept of
the linear regression; time, dichotomous growth variable for the
change between PRE and W5. Statistically significant effects (*a =
0.05) are highlighted in bold and are marked with an asterisk.

Analysis of Changes in CCR5 and CCL5 mRNA Levels

The UREMs estimated to compare the inter- and in-
ner-subject variation resulted in ICCs of 0.685 for CCR5
levels and 0.642 for CCLS5 levels. This means that in both
cases, >60% of the variance was related to between-sub-
ject differences, and the application of mixed models, tak-
ing these differences into account, was clearly imperative.
First, mixed regression models with dummy-coded vari-
ables “time” and “response” as well as their interaction
term were estimated. As can be clearly seen in Table 4 and
Figure 1a (CCR5) and Figure 1b (CCL5), the regression
weights for “time” were significant and negative for both
models, indicating a mean decrease for both CCR5 and
CCLS5 between time points PRE and W5. Except for the
intercepts, no further regression weights turned out to be
significant, so that the stronger decrease between re-
sponders and nonresponders remains a descriptive find-
ing. Nonetheless, both mean CCR5 and CCL5 levels were
significantly decreased in the responder group compared
to nonresponders before treatment.

Association of CCR5 and CCL5 with
MDD and Cognitive Impairment

Plasma concentrations of the cytokines IL-1p, IL-6, and TNF-a
and HAMD-21 scores were assessed at baseline (PRE) and after 5
weeks of treatment (W5). Clinical response (responder vs.
nonresponder) was defined by a reduction of at least 50% of the
PRE HAMD-21 score after 5 weeks of treatment. To analyze the
relationship between treatment response and cytokine levels over
time, an interaction term entered the analysis (response:time).
Coefficient, regression coefficient; estimate, estimated parameter
value; SE, standard error of the parameter estimate; df, degrees of
freedom; ¢, t value; p, probability of committing a type I error;
intercept, intercept of the linear regression; time, dichotomous
growth variable for the change between PRE and W5. Statistically
significant effects (*a = 0.05) are highlighted in bold and are
marked with an asterisk.

Analysis of Changes in Cytokines IL-1f3, IL-6, and

TNF-« Levels

The UREMs for the cytokines showed ICCs of 0.462
for IL-6 and 0.553 for TNF-a concentrations. The model
for IL-1f showed a singular fit, and thus no ICC could be
estimated, which may be due to # = 5 missing values for
this cytokine. Around 50% of the variance in the models
is attributable to inter-subject differences in the cytokine
concentration, except for IL-1f, for which the relation-
ship could not be determined due to the singular model
fit. Mixed regression models were therefore estimated for
all cytokines. Table 5 and Figure 2a (IL-6) and Figure 2b
(TNF-a) show that the only significant regression weight
was the negative weight for the “time” variable of IL-6,
that is, the mean IL-6 concentration decreased signifi-
cantly during the observed treatment period.
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Fig. 2. Cytokine levels in relation to clinical response. Plasma concentrations of the cytokines IL-6 (a) and TNF-a
(b) levels in relation to clinical response after 5 weeks of treatment were measured by means of a V-PLEX immu-
noassay. Clinical response (responder vs. nonresponder) was defined by a reduction of at least 50% of the PRE (at
admission) HAMD-21 score after 5 weeks of treatment (W5). Significant differences are marked with an asterisk.

Association of CANTAB Tasks with CCR5 and CCL5

Levels

In a second step, the decrease in CCR5 and CCLS5 levels
was tested for associations with changes in CANTAB tasks.
Instead of the dichotomous “group” variable, indicating
the treatment response, the CANTAB parameters were en-
tered in all models as covariables. Again, “time” as well as
the interaction term between “time” and the covariable of
the model was also modeled. As reflected by the interaction
terms in Table 6, a change in the variable “ERTTFAA” (to-
tal false alarms “anger”) between PRE and W5 was signifi-
cantly increased along with a greater decrease in CCRS5,
and a change in the variable “ERTMDCRTD” (median
correct reaction time “disgust”) significantly decelerated
along with a greater decrease in CCL5 over the same time.
Implying values of p < 0.01 as noteworthy descriptive ten-
dencies, some One Touch Stockings of Cambridge (OTS)
variables reflecting processing speed in executive function
tasks (see legend to Table 6) also showed a trend towards
an improvement associated with CCR5.

CCR5-Delta32 Mutation

Only 1 patient (in the nonresponder group) turned out
to be homozygous for the CCR5A32 mutation in our
sample. We therefore consider the influence of this ge-
netic variant negligible for treatment response, CCR5/
CCLS5 levels, and cognitive impairment in the depressed
patients of this sample.
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Discussion

The aim of the present study was to assess CCR5 and
CCL5 mRNA levels in peripheral blood samples of de-
pressed patients during antidepressive treatment, to corre-
late it with therapy success and neurocognitive impairment
in MDD. This was an observational study that did not dif-
ferentiate between specific pharmacological antidepressive
treatments. We found CCR5 and CCLS5 levels significantly
decreased in the responder group compared to nonre-
sponders before treatment. Descriptively, CCR5 showed a
further decrease upon therapy, which was more pro-
nounced in the responder group. CCL5 tended to decrease
in the responder group, while it slightly increased in non-
responders upon treatment. Considering cytokine levels as
representatives of inflammatory processes underlying
MDD, IL-6 decreased significantly upon antidepressive
therapy. However, this cytokine did not show a difference
before treatment in future responders versus nonre-
sponders. For TNF-a, no differences before or upon treat-
ment could be observed in this sample. Concerning neuro-
cognitive impairment measured by means of the CANTAB,
a misperception of the emotion “anger” significantly in-
creased after 5 weeks of treatment in connection with the
decrease of CCR5. The perception of the emotion “disgust”
became faster along with a decrease in CCL5 over time. Ex-
ecutive functions typically impaired in MDD patients were
not markedly associated with alterations in CCR5/CCLS5.
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The development of CCRS5 levels appears in line with
our presumption that recovery from depression goes
along with a return to lower levels of this chemokine re-
ceptor, which has already been described as increased
during MDD compared to healthy subjects [27]. None-
theless, further studies also show contradictory results re-
garding CCRS5 in depression, and a very recent study in-
vestigating different chemokine receptors in bipolar pa-
tients detected decreased CCR5 expression compared to
control [36]. However, this patient sample included de-
pressed as well as manic patients, thereby suggesting a
common pathophysiological concept with regard to che-
mokine receptors in bipolar disorder. In our study, bipo-
lar patients were also included (4 out of 60), but the pres-
ent state had to be depressed.

With regard to the ligand CCL5 and depressive disor-
der, the database is broader. There already exist studies
observing the time course of this chemotactic cytokine
during depression. Mindt et al. [37] found that patients
treated with electroconvulsive therapy showed a decrease
of CCL5 in cerebrospinal fluid of patients who responded
to this intervention, which appears in line with the results
of our study, although we just observed a tendency. Con-
sidering the comparison of depressed patients with
healthy subjects, also for CCLS5, results are contradictory
in the literature. CCL5 was found to be decreased in se-
rum of MDD patients with suicidal ideation compared to
healthy controls by Grassi-Oliveira et al. [38]. However,
a meta-analysis by Leighton and colleagues [39] includ-
ing 73 studies could not confirm differences in blood or
cerebrospinal fluid levels of CCL5 in depressed patients
compared to healthy subjects.

A very recent study by Chen et al. [40] tried to investi-
gate the role of CCR and CCL5 from a more intervention-
al point of view: in a mouse model of circadian rhythm,
intracerebral injection of CCL5 promoted a depression-
like behavior, which could be reversed by application of
Met-RANTES, a CCR5 antagonist. These results support
the hypothesis that a recovery from depression goes along
with a decrease of CCR5 and CCL5 function/levels.

Although the decrease of CCR5 and CCL5 in our sam-
ple yet was just a tendency, it might have been statisti-
cally more reliable in a larger sample. In addition, future
studies should choose considerably longer observation
periods which might further sharpen this effect because
inflammatory processes in depression might go far be-
yond clinically apparent symptoms [41]. Nonetheless,
there was a marked difference at baseline, and future re-
sponders showed significantly lower CCR5 as well as
CCL5 levels before therapy started, although baseline

Association of CCR5 and CCL5 with
MDD and Cognitive Impairment

Table 6. CANTAB values of depressed patients

Coefficient EstimateSE ~ df t p value
CCR5

(intercept) 25.076 0.320 114.003 78.288 <0.001
Time -0.485 0.310 63.100 -1.566 0.122
OTSMDLC6 0.000 0.000 8.626 -2.945 0.004
Time:OTSMDLC6 0.000 0.000 66.826 -0.202 0.841
(intercept) 25.142 0.346 115.432 72.651 <0.001
Time -0.536 0.320 61921 -1.675 0.099
OTSMLC6 0.000 0.000 87.852 -2.773  0.007
Time:OTSMLC6 0.000 0.000 64.397 -0.013 0.990
(intercept) 25.372  0.403 115.826 62.991 <0.001
Time -0.455 0.388 6.915 -1.175 0.245
OTSMLC 0.000 0.000 92.772 -2.858 0.005
Time:OTSMLC 0.000 0.000 63.693 -0.363 0.718
(intercept) 24.783 0.353 108.190 7.131 <0.001
Time -1.192 0.286 59.065 -4.175 <0.001
ERTTFAA -0.057 0.045 112.969 -1.264 0.209
Time:ERTTFAA 0.156 0.042 59.884 3.684 <0.001*
CCL5

(intercept) 17.624 0.437 114.982 4.341 <0.001
Time 1.813 0.613 67.903 2957 0.004
ERTMDCRTD 0.000 0.000 92.954 1429 0.156
Time:ERTMDCRTD -0.001 0.000 72.179 -3.445 <0.001*
(intercept) 17.623 0.510 114.413 34.528 <0.001
Time 1.286 0.563 63.106 2.285 0.026
ERTMDRTD 0.000 0.000 10.851 1.150 0.253
Time:ERTMDRTD  -0.001 0.000 66.398 -2.883 0.005

Changes in CCR5 (upper part) and CCL5 (lower part) levels
were tested for associations with changes in CANTAB tasks. The
Cambridge Neuropsychological Test Automated Battery (CANTAB)
was performed at admission (PRE) and after 5 weeks of treatment
(W5) in parallel with CCR5/CCL5 measurements. Coefficient,
regression coefficient; estimate, estimated parameter value; SE,
standard error of the parameter estimate; df, degrees of freedom; f,
tvalue; p, probability of committing a type I error; CCR5, chemokine
(C-C motif) receptor 5; CCL5, chemokine (C-C motif) ligand 5;
intercept, intercept of the linear regression; time, dichotomous
growth variable for the change between PRE and W5. For the
CANTAB models, due to the large amount of tests, only values of
p < 0.001 were considered as statistically significant. Values of p <
0.01 are listed as descriptive tendencies. OTS, One Touch Stockings
of Cambridge; ERT, emotion recognition task. OTSMDLC6: OTS
median latency to correct 6 moves, the median latency measured
from the appearance of the stocking balls until the correct box choice
was made by the subject when 6 moves was the solution. OTSMLC6:
OTS mean latency to correct 6 moves, the mean latency measured
from the appearance of the stocking balls until the correct box choice
was made by the subject when 6 moves was the solution. OTSMLC:
OTS mean latency to correct, the mean latency measured from the
appearance of the stocking balls until the correct box choice was
made by the subject. ERTTFAA: ERT total false alarms “anger,” the
total number of times the subject incorrectly selected the emotion
“anger” across all assessed trials. ERTMDCRTD: ERT median
correct reaction time “disgust,” the median latency for a subject to
correctly select the emotion “disgust” after being presented with a
face stimulus showing disgust. ERTMDRTD: ERT median reaction
time “disgust,” the median latency for a subject to select the emotion
word “disgust” after being presented with a face stimulus.
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HAMD-21 sum scores were quite equal in both groups.
This maybe offers the opportunity of a therapy response
prediction by means of this chemokine receptor and its
ligand. This information might be of help for therapeutic
decision-making in such way that patients rather predict-
ed as nonresponders need earlier escalation of therapy,
such as combination of antidepressants or electroconvul-
sive therapy.

One has to be aware that different antidepressive med-
ication in this patient sample might be a potential con-
founder. However, there do not exist much data on the
influence of such compounds on CCRS5, and only 1 study
investigated the effect of the SSRI citalopram on different
chemokine receptors on PBMCs — CCR5 levels were not
altered by citalopram treatment in the cell culture [42].
The tricyclic antidepressant desipramine has been shown
to suppress central CCL5 overproduction in a mouse
model of experimental autoimmune encephalomyelitis
[43]. In our sample, no patient received this compound.
More relevant in this context appears a study by Vollmar
and colleagues [44] showing that the SNRI venlafaxine
can suppress CCL5 production in inflamed CNS tissue in
murine experimental autoimmune encephalomyelitis. In
this sample, 9 out of 60 patients received venlafaxine. In
addition, the SSRI fluoxetine decreased CCL5 production
in an in vitro model of septic shock [45]. In summary, the
effects of commonly prescribed antidepressants on CCL5
levels must not be underestimated. Future studies inves-
tigating the effect of CCR5 and CCL5 on depression
should therefore control for antidepressive medication by
comparing single compounds.

To complete the picture of inflammatory processes
underlying the pathophysiology of depression, we mea-
sured specific cytokine levels before and after antidepres-
sive treatment. Especially, IL-6 is a well-documented
marker that is elevated in depressed patients compared to
healthy subjects [46, 47] and which decreases upon anti-
depressive treatment [48]. Very well in line with this
broad database, IL-6 also decreased significantly in our
sample upon therapy. To our knowledge, this is the first
study investigating both IL-6 and CCR5/CCLS5 in a time
course of treatment, thereby offering the chance to distin-
guish between future clinical responders and nonre-
sponders. Interestingly, there was no difference between
baseline IL-6 levels between these 2 groups, which is in
contrast to the more differential picture of CCR5/CCL5
levels being lower in the responder group already before
therapy. This dissociation of inflammatory markers ap-
pears to further strengthen the hypothesis that CCR5/
CCL5 might be interesting candidates for predictors of
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future antidepressive therapy response. With regard to
TNF-a, we did not find marked changes before or after
antidepressive treatment, which is also in line with previ-
ous studies showing not quite consistent results compar-
ing MDD patients with healthy controls [46] and the de-
velopment of this cytokine along with antidepressive
treatment [48-50]. To postulate an association of TNF-a
with CCR5/CCLS5 therefore does not appear appropriate
for this study.

CCR5 is already known to be important for the entry of
HIV into the host cell, and the homozygous A32 mutation
in this gene prevents CCR5 cell-surface expression and
thus lends a certain resistance to infection with this virus
[51]. With probably <1% prevalence, it is not very wide-
spread [52, 53], which is in line with just 1 patient we dis-
covered in our sample. So far, there is no evidence in the
literature that the A32 mutation is relevant for the patho-
physiology of MDD and related cognitive impairment.
Very large samples would be necessary to answer this ques-
tion, which we could not provide in this investigation.

With regard to CANTAB results in MDD patients in
our sample, a misperception of the emotion “anger” sig-
nificantly increased after 5 weeks of antidepressive treat-
ment in connection with the decrease of CCR5, and the
perception of the emotion “disgust” became faster over
the same time in the ERT of the CANTAB along with a
stronger decrease in CCL5. These results could be inter-
preted as a kind of sharpening of the perception of neg-
ative emotions going along with a downregulation of
CCR5/CCL5 under antidepressive treatment. Further-
more, several OTS tasks representing executive func-
tions such as spatial planning and working memory
showed an improvement of processing speed over time
associated with CCR5 decreased strength. Improvement
of OTS tasks is very well in line with what can be expect-
ed upon successful treatment of depression [54, 55];
however, these results should be just descriptively inter-
preted in our study. This is because the large number of
statistical tests leads to a conservative correction of the
type 1 error probability. Statistical significance was
therefore interpreted only very cautiously. In addition,
it might be assumed that changes of emotional percep-
tion show an earlier response compared to a delayed re-
covery of executive functions in depressed patients in
relation to CCR5/CCLS5 levels. The recovery from such
typical neurocognitive deficits would possibly have been
more marked after a longer follow-up period; they can
outlast the remission from characteristic MDD symp-
toms such as depressed mood and loss of interest for
quite some time [54]. Interestingly, a very recent study
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by Ozcan et al. [56] also showed an early improvement
in emotion recognition in the CANTAB, while cognitive
functions such as cognitive flexibility did not markedly
improve in patients suffering from treatment-resistant
MDD treated with repetitive transcranial magnetic
stimulation over 4-6 weeks, similar to our study. For a
differentiation of the responder versus nonresponder in
cognitive functions along with CCR5/CCLS5 levels, the
sample size was too small in our study. However, one can
postulate a certain recovery from depressive symptoms
also in the group of nonresponders; they just did not
reach the predefined level of 50% improvement in
HAMD-21 scores.

In summary, the present study provides first hints for
CCR5 and CCLS5 as putative predictors of future therapy
response in major depression. However, further studies
with larger sample sizes, a longer observation period, and
controlling for antidepressive medication are needed to
confirm these results. Regarding the results of the CAN-
TAB, we did not find strong evidence for a relevant rela-
tion between CCR5/CCL5 and a recovery from MDD-
associated cognitive impairment after a 5-week treat-
ment. However, changes of emotional perception
appeared to respond earlier to antidepressive therapy.
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