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ABSTRACT

Acute myocardial infarction (MI) remains one of the leading causes of mortality and morbidity in the global communities. A pre-
vailing topic that has attracted increasing attentions over the past few decades is the so-called heart-brain interaction, in particu-
lar following a major traumatic event such as ML Increased prevalence of depression and other mental disorders has been recog-
nized in cardiac patients after MI, coronary catheterization, or cardiothoracic surgeries. In this review, we focus on the potential
pathogenic mechanisms and pre-clinical transcriptomic evidence for identifying potential mediators of post-MI depression. We
first summarize the conventional mechanistic understanding that leads to the current clinical management of post-MI depression
with the use of selective serotonin reuptake inhibitors (SSRIs) and cognitive behavior and exercise therapies. We further envisage
a possible role played by certain chemokines, e.g., Chemokine (C-X-C motif) ligand 12 (CXCL12) and Chemokine (C-C motif) lig-
and 2 (CCL22), in serving as signaling molecules to connect the MI-induced heart damage to the pro-depressive changes in brain
during the post-MI period. Future in-depth investigations into this chemokine hypothesis will be instrumental in developing new
chemokine-targeted therapies for better management of the cardiac patients suffering from post-MI depression.

cute myocardial infarction (MI) remains

to be one of the most lethal cardiovascu-

lar events with an estimated over 800,000
patients suffering from acute MI each year in the
United States alone and many of them have high
comorbidity burden (e.g., hypertension, vascular
disease, dyslipidemia, and diabetes), which can
negatively affect the post-MI clinical outcomes. "
Among these comorbidity-driven factors, a so-call-
ed heart-brain connection has drawn increasing at-
tention in recent decades. As early as mid-1970s, 34
out of 101 Canadian patients were found to have
depression issues 16-18 months after ML} Another
study in 1989 reported that 27% of 283 American
patients hospitalized for MI had minor depression
and 18% met the criteria for major depression, and
33% of the patients still had depression 3-4 months
after the MI event."”) Another Canadian study in
1999 showed that 32% of 896 post-MI patients had a
Beck’s Depression Inventory (BDI) score of 10 or
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higher, which signified at least a mild depression. "
A seminal review by Ziegelstein, based on clinical
reports published from 1989 to 2001, suggested that
about 20% of the patients with MI experienced ma-
jor depression and at least 33% of them had signific-
ant symptoms after the MI event. ! It is notable that
most patients who had depression during their ini-
tial hospitalization due to MI often showed depress-
ive symptoms for additional 1-4 months.!” The cu-
mulative incidence of anxiety and depression was
also higher for Chinese patients after acute MI with
adjusted hazard ratio (HR) of 7.23""" and 35% of Ca-
nadian patients with AMI had at least mild depres-
sion.) Other forms of mental issues include post-
traumatic stress disorder (PTSD) from trauma in-
duced by heart attack can lead to depressive symp-
toms.”"") Interestingly, among the about 39% of car-
diac patients who claimed to have insomnia for at
least two weeks before their MI, 50% of them met
the criteria for major depressive disorder (MDD).!"'}
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Table1 Chronological list of the representative clinical observations of mental depression in patients after survival from myocar-

dial infarction or other major cardiac events/procedures.

Number of Cardiac Patients with

Author/Journal Information Mental Health Conditions Key Clinical Findings
Studied
Ié:;a]\r}[ae %hAiig(];:, 1975 101 patients 34% of patients were depressed 16-18 months after MI.
Schleifer. ef al 27% met criteria for minor d.eFression and 18% met criteria for
JAMA Internal Medicine 1989 U 283 patients %\;[tz? 33% of the patients still had depression 3-4 months
The 200 patients were undergoing cardiac catheterization and
coronary angiography and received a psychiatric interview.
17% were diagnosed with a current major depressive episode
Hance, et al., i 200 patients and 17% were diagnosed with a current minor depressive
Gen Hosp Psychiatry 1996 !'* p episode. Of the 90% of patients that consented to a 12-month
follow up, half of the patients with MDD remained depressed
or relapsed. Half of those with minor depression remitted and
42% developed MDD.
Frasure-Smith, et al., - 290 of the patients (about 32%) had a BDI score of 10 or higher
Psychosom Med 1999 11 B0 il which signifies mild depression.
j%;e;\%lis;(e)i(ﬁ, 8] Approximately 17% of patients experience MDD.
Lauzon, et al,, . 35% of patients who had acute MI after hospitalization had
550 patients

Can Med Assoc J 2003 1

Bush, et al.,
Agency for Healthcare Research

and Quality Evidence Report 2005 nondepressed patients.

Horne, et al.,

J Thorac Cardiovasc Surg 2013 ! 30 paliis

Okamoto et al.,
Asian ] ardiovasc Thorac Ann

2013

Faria, et al.,

artery bypass)

Rev Port Cir Cardiotorac Vasc 52 patients

2014 ™

Feng, et al, - 1396 patients with MI and 13960
Medicine 2016 patients without MI

Acikel, .

Braz ] Cardiovasc Surg 2019 ' R

Wegermann, et al., 990 patients

J Am Heart Assoc 2022 ")

128 patients (49 who had aortic
surgery and 79 who had coronary had depression and of the 79 patients that underwent CABG,

mild depression.

3 clinical studies in depressed vs. Most patients that have depression in the initial MI

hospitalization still have depression 1 to 4 months later.

Patients completed the patient health questionnaire while
waiting for cardiac surgery and on the day of their discharge
from the hospital. It was found that there was an increase in
depression from 23.6% to 37.7%. New depression at discharge
was 29.2%.

Of the 49 patients that underwent thoracic aortic surgery, 28%

20% had depression.

The patients had no previous history of depression, and it was
found that 21 had mild depression and 6 had severe
depression following elective open-heart valve surgery.

Patients with acute MI had a higher risk of depressive
disorders (adjusted Hazard Ratio = 7.23).

Depression levels on BDI jumped from 8.1 + 5.4 before CABG
surgery to 12.4 + 6.4 three days after the surgery.

Patients that underwent surgical aortic valve replacement had
a higher chance of anxiety and/or depression at 3 months
(12.4% versus 8.8%), 6 months (15.6% versus 13%), and 1 year
(20.1% versus 19.3%) after the surgery than those who did not
undergo the surgery.

BDI: Beck’s depression inventory; CABG: coronary artery bypass graft; MI: myocardial infarction; MDD: major depressive disorder.

Furthermore, as summarized in Table 1 with a
chronological list of the representative clinical ob-
servations in the patients after survival from MI or
other major cardiac events/procedures, their men-
tal issues may be linked to not only acute MI but also
other cardiac injurious events. For example, depres-
sion levels were higher in 65 Turkish patients after
coronary artery bypass graft (CABG) surgery, in whi-
ch the average BDI scores jumped from 8.12 +5.44
preoperatively to 12.43 £ 6.36 on the third day after
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CABG surgery."” The findings are in agreement
with the previous study by Connerney, et al.""! in
309 patients undergone CABG that showed 20% of
the post-CABG patients had MDD. Similarly, out of
52 Portuguese patients with no previous history of
depression, 21 patients had mild depression and 6
patients had MDD following their elective open-
heart valve replacement surgery.!'"! A recent study
also showed that U.S. patients who underwent sur-
gical aortic valve replacement had a higher preval-
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ence of anxiety and/or depression than non-surge-
ry controls at 3 months (12.4% vs. 8.8%), 6 months
(15.6% vs. 13%), and 1 year (20.1% vs. 19.3%) after the
surgery. "’ There was an increase in depression pre-
valence from 23.6% to 37.7% in the patients before
and after their cardiac surgery."” The incidence of
mild or significant anxiety was 14% in the Japanese
patients after thoracic aortic surgery and 16% after
CABG.""! Interestingly, among 200 American pa-
tients received relatively less invasive cardiac cath-
eterization and coronary angiography, 17% were
diagnosed with minor depression and 17% with ma-
jor depression. 50% of major depressive patients re-
mained depressed or relapsed at the 12-month fol-
low-up, whereas half of patients with minor depres-
sion remitted and 42% developed major depressi-
on.!"! Intriguingly, there are contradictory results
concerning the effect of age on prevalence of post-
MI depression. For example, a recent study in 911
patients with a variety of cardiovascular complica-
tions (acute MI, acute coronary syndrome, unstable
angina, and CABG surgery) evaluated these pa-
tients with Hospital Anxiety and Depression scale
and found that the risk of depression after the car-
diac conditions was significantly higher in younger
individuals (< 55 years old)."” To the contrary, a
meta-analysis of 7 studies reported that older age (>
65 years) had higher risk of depression after acute
ML which is conceptually in agreement with the
earlier observation by Kavanagh, et al” who found that
the severely depressed patients were older, with a
greater tendency to hypertension and angina.

IMPACT OF MENTAL DISORDERS ON
POST-MI PROGNOSIS AND REHABILIT-
ATION

Due to the potential heart-brain interaction in-
volving multiple pathogenic factors and pathways
at brain, heart, and whole body levels (Figure 1), the
prevalence and severity of depression after MI can
substantially affect the patients” rehabilitation pro-
cess. For example, patients with post-MI depres-
sion are more likely to exhibit noncompliance with
medical advice after MI, lower heart rate variability,
increased platelet activation, and a lower rate to un-
dergo percutaneous coronary intervention (PCI) or
CABG.!! These adverse factors not only make the
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patients more susceptible to recurrent MI, but also
increase the overall mortality rate.

Frasure-Smith, et al.*! studied 222 patients who
had suffered MI and were discharged and found
that 12 of them had died at 6 months post-MI follow-
up. Depression proved to be a significant predictor
(HR =5.74, P<0.001). Subsequently, the same group
reported 21 patients had died in the 18-month time
frame, among them 7 met the criteria for depres-
sion and 12 had increased BDI scores, which sug-
gested a link between the increased depression and
elevated mortality post-MI.""** This early conclu-
sion was confirmed in 2007 in a study on 666 patie-
nts (316 depressed, 350 non-depressed) with a recent
acute MI. The researchers found that the survival
rate of those with depression was lower than non-
depressed controls, with odds ratio (OR) of 2.4 (P =
0.02).””! Another 3-week study of 560 male surviv-
ors of acute MI found 12 cardiac deaths and 17 ar-
rhythmic events occurred, both of which linked to
severe post-MI depression.”’!

New cardiovascular events are also more com-
mon in those with depression (OR =1.95; P < 0.001),
as shown in a meta-analysis of 22 papers on post-MI
depression and negative health outcomes."” For ex-
ample, the depressed patients had increased abnor-
mal heart rate turbulence (risk factor adjusted OR =
1.8; P=0.03). ™ Depression was also related to re-
duced heart rate variability, which indicates a re-
duced vagal tone and a sympathovagal imbalan-
[l Angina pectoris is another common post-MI
depression-related symptom. For instance, in 377
male survivors of acute MI with depression, the un-
adjusted HR for angina pectoris among the patients
with severe depression was 3.12.1”")

Depressive disorder in the post-MI patients also
raises many concerns about their quality of life. For
instance, the self-reported life quality themes in a 1-
year post-MI follow-up of 468 cardiac patients in-
dicated that the increased health complaints, cardi-
ac problems, and disability as well as decreased
overall quality of life occurred more frequently in
those with depressive disorders post-MI.”*! Simil-
arly, depression predicts poor outcomes at 1 year
on all aspects of the 36-item short-form of quality-of-
life measures and on the specific measures of every-
day activity and reports of chest pain, use of prima-
ry care resources, and secondary prevention life-

ce.
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Whole body pathways
Altered blood platelet function
Coagulation system dysfunction __J
Impaired immune function
Chronic fatigue

Impaired nerve and muscle function

—

Brain pathways
Cingulate cortex dysfunction
Neuroinflammatory reaction

Hypothalamic-pituitary-adrenal
dysregulation

Heart pathways
Reduced baroreflex sensitivity
Diminished heart rate variability

Ventricular contractile dysfunction

Figure1l Potential pathogenic mechanisms underlying mental depression after survival from myocardial infarction and other ma-

jor cardiac events or procedures.

style changes in post-MI patients.”” Moreover, most
of the patients with major depression syndrome did
not return to work."”

CLINICAL MANAGEMENT FOR MENTAL
DISORDERS IN POST-MI PATIENTS

Antidepressant Drug Therapies

Drug therapies including the use of antidepress-
ants to treat depression after cardiac events remain
the mainstay in the current clinical management of
the mental problems occurred post-MI. The most
commonly used class of antidepressants is the se-
lective serotonin reuptake inhibitors (SSRI), such as
sertraline which was used in depressive patients
after acute MI. This drug caused no significant
changes in heart rate, blood pressure, cardiac con-
duction, or left ventricular ejection fraction, where-
as there was a trend for reduced ventricular ectopic
activity. No consistent change in coagulation meas-
ures such as the time of bleeding was evident.""!
Another study in 369 patients, who received either
a placebo or sertraline to treat their post-acute
coronary syndrome (ACS) depression, revealed a
reduced number of cases of severe cardiovascular
adverse events in the sertraline-treated group as
compared to the placebo group.I"” Fluoxetine is an-
other SSRI that was studied in 54 patients with
MDD after ML This drug decreased the post-MI pa-
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tients” hostility scores without affecting cardiac
function.” Lespérance, et al®¥ studied the effects
of citalopram, a commonly used SSRI, in 284 pa-
tients with coronary artery disease and found that
citalopram was effective in decreasing depression
scores and readmission rates. Escitalopram, an act-
ive S-enantiomer of citalopram, also improved long-
term cardiac outcomes in 142 patients with recent
ACS, including a decreased rate of major adverse
cardiac outcomes (i.e., 40.9% vs. 53.6% in place-
bo group). In patients with chronic heart failure
(HF) and depression, paroxetine significantly de-
creased their depression scores and increased gen-
eral psychological health levels. ")

Several non-SSRI drugs have also been admin-
istered in managing post-MI depression. For ex-
ample, mirtazapine was given to 91 patients with
depression after MI and demonstrated effective-
ness on the BDI, dSCL-90 (depression subscale of
the symptom checklist 90), and CGI (clinical global
impression) scale.”” Magnesium oxide tablet is an-
other non-SSRI that has the potential to improve
cardiac and depressive outcomes. In 60 patients fol-
lowing open-heart surgery, those received two 250
mg magnesium oxide tablets for five days had sig-
nificantly decreased anxiety and depression.”! The
use of nefazodone in patients with depression and
congestive HF led to a decreased heart rate (69.7 to
64.8 beats/min) and increased QT intervals (425 to
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444 ms), whereas 3/4 of the 19 participants who
completed the entire 12-week trial had at least 50%
decline in their Hamilton rating scale for depres-
sion (HRSD) scores.” In addition, a pre-clinical
study by Wang, et al.”” investigated the effects of
minocycline, a tetracycline antibiotic, on the de-
pressive behaviors seen in rats after MI. The depres-
sion-like symptoms, measured with a sucrose in-
take test, were significantly mitigated in minocyc-
line-treated rats.

Cognitive Behavior and Exercise Therapies

Cognitive behavior therapy is a non-pharmaceut-
ical approach in treating cardiac patients with de-
pression. A multi-center study in 2481 patients with
post-MI depression found that cognitive behavior
therapy (individual or grouped) given around 17
days after MI and continued with 11 sessions over
the next 6 months led to favorable psychosocial out-
comes, in terms of HRSD score."! Cognitive behavi-
or therapy and stress management were also effect-
ive in treating depression after CABG surgery, in-
dicated by the mean HRSD score 5.5 for cognitive be-
havior therapy, 7.8 for stress management, and 10.7
for usual care."'!

Therapeutic exercise was demonstrated to impro-
ve depressive outcomes in 101 patients with coron-
ary heart disease (CHD) and elevated depressive
symptoms, aerobic exercise led to better HRSD as co-
mpared with the placebo group (mean: -7.5 vs. -4.5)
and a reduction in depressive symptoms."*” Blu-
menthal, et al.'"”! further studied 2322 stable pa-
tients with depression following HF, who under-
went either aerobic exercise or education and usual
guideline-based HF care. The exercise therapy res-
ulted in lower BDI-II at 3 months (8.95 in exercise
group vs. 9.70 in usual care group) and 12 months
(8.86 vs. 9.54) of the treatment period.

Combinatorial Management

The combination of exercise and medication has
demonstrated better effectiveness in treating post-
MI depression. The collaborative care of antide-
pressants and psychotherapy given before cardi-
ovascular disease (CVD) lowered the risk of de-
pressive events by 48%."" Davidson, et al."” invest-
igated 150 patients with depression after ACS who
received 6 months of centralized depression care or

E http://www.jgc301.com; jgc@jgc301.com

locally determined depression care. They observed
a significantly larger decrease in depressive symp-
toms in the active treatment group than the usual
care group. In 302 patients with depression after
CABG and a non-depressed group of 151 patients,
who received telephone-delivered collaborative
care for 8 months, the intervention increased health-
related quality of life, physical function, and
mood."""! Similarly, 183 patients hospitalized for
ACS, arrhythmia, or HF, who also had clinical de-
pression, generalized anxiety disorder, or panic dis-
order, received low-intensity telephone-based mul-
ticomponent collaborative care for depression and
anxiety for 24 weeks, which led to a better physical
and mental health and general function, measured
by the Short Form-12 Mental Component Score (i.e.,
11.21 in the collaborative care group versus 5.53
points in the enhanced usual care group).”! Anoth-
er study proposed four main aspects related to
CHD and depression/anxiety, i.e., (1) treating de-
pression in CHD patients with multimorbidity; (2)
psychometric properties of instruments for assess-
ing depression and anxiety in CHD patients, (3) de-
pression or anxiety in post-PCI patients; and (4)
other mental diseases in CHD patients.

Other Confounding Factors

Inflammation is also thought to play a key role in
the development of depression after MI, since MI-
induced peripheral cytokines release may cause
cerebral endothelial leakage and hence induces a
neuroinflammatory reaction. Since the current
standard cardiovascular therapy does not help the
symptoms of depression much,"” other pathogenic
factors have been proposed, including hypothalam-
ic-pituitary-adrenal dysregulation, diminished
heart rate variability, altered blood platelet func-
tion, noncompliance with medical treatments, re-
duced baroreflex sensitivity, impaired immune
function, chronic fatigue, and the co-morbidity of
depression and anxiety that may be related to ma-
jor cardiac events and depression.””! While SSRIs
and other medications can reduce post-MI depres-
sion, some negative consequences may be present,
for example, fluoxetine was associated with higher
mortality rates (HR, 1.66). In patients with major
depression and left ventricular impairment,
ventricular arrhythmias, and/or conduction dis-
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ease, the use of bupropion for 3 weeks caused a rise
in supine blood pressure and 14% of patients ended
the treatment due to adverse effects of exacerbation
of baseline hypertension."”

Two major neurotransmitters for mood control,
serotonin (5-HT) and dopamine, have also been
studied post-cardiac events for a better understand-
ing of the pathogenic process of depression post-
ML For example, Liu et al. investigated whether 5-
HT, 5-HT2A receptor (5-HT2AR), and 5-HT trans-
porter are related to the disease states of depression,
M], and MI with depression. The blood concentra-
tion of serotonin significantly decreased in the rats
with depression (303.25 £ 9.99 vs. 352.98 + 13.73 in
controls), and significantly increased in rats with MI
alone (381.78 + 14.17), but declined to the control
level in the rats with MI + depression (360.62 *
11.40), whereas the platelet lysate concentration of 5-
HT2AR and serotonin transporters significantly in-
creased in the depression, MI, and MI + depression
groups as compared with the control group.” 5-HT
levels were also reported by Han, et al.”"! in 63 pa-
tients with ACS and 60 patients with chronic stable
angina (CSA) who were treated with PCI. Whereas
the similar baseline (ACS: 8.6 + 14.6 and CSA: 10.3 +
15.9 ng/mL) and pre-PCI (ACS: 18.3 £ 30.7 ng/mL
and CSA:19.7 £ 47.8 ng/mL) 5-HT levels were ob-
served, the post-PCI 5-HT levels were significantly
increased in the ACS group (55.2 + 120.0 ng/mL) as
compared with the CSA group (20.1 £ 24.0 ng/mL),
and there was a drop in 5-HT levels 48 h after PCL""
In addition, plasma 5-HT levels were found signific-
antly higher in 14 patients with Tako-Tsubo cardi-
omyopathy and 14 patients with ST-elevation myo-
cardial infarction (STEMI) at admission (5.7 £ 5.6
ng/mL) than the healthy control subjects (3.9 £ 4.6
ng/mL)."”

There is abundant evidence that salt added in
foods increases the risk of CVD " by affecting the
metabolic pathways ") with indirect consequences
on mental health. ") One of these consequences is
the decreased behavioral inhibition. In a mouse
study by Gilman, et al.", utilizing mice and their
normal behaviors, it was found that a high-salt diet
led to lower behavioral inhibition which is com-
mon in many neuropsychiatric diseases including
depression. Furthermore, a 2019 study using a ur-
ine sample analysis on 84 adolescents in conjunc-
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tion with the Center for Epidemiological Studies
Depression 10 scale, found interesting results. It
was concluded that those who secreted higher
levels of sodium (meaning they consumed a diet
higher in salt) developed depressive symptoms at a
higher rate. ”” The benefits of reducing the salt in-
take for lowering the blood pressure "’ stimulated
the World Health Organization to issue the “Gui-
deline: Sodium Intake for Adults and Children”. "]
A recent genomic study *? proved that the low-salt
diet up-regulate the pathways of: cardiac muscle
contraction, adrenergic signaling in cardiomyo-
cytes and oxidative phosphorylation, while weak-
ening the synchronization of the pathways respons-
ible for several chronic heart diseases.

POTENTIAL ROLE OF CHEMOKINES FOR
POST-MI HEART-BRAIN INTERACTION

Gene expression profiling has emerged as a use-
ful tool in investigating the molecular mechanisms
underlying the connections between cardiac and
mental diseases. Studies on mouse models of post-
ischemic HF " have shown that acute MI results in
activation of the immune/inflammatory response,
ventricular remodeling, and HF. Lachtermacher, et
al'*! demonstrated that the ischemia effects caused
by acute MI were fairly reversed through bone-mar-
row cell therapy. Accordingly, we reanalyzed the
raw expression data deposited in the NCBI/GEO
publicly accessible gene datasets (GSE18703, GSE-
29769) to identify the MI-triggered transcriptomic
alterations of several functional pathways related to
“Chemokine signaling” ") and their recovery fol-
lowing stem cell treatment. Figure 2 presents the af-
fected genes within the KEGG-constructed func-
tional pathway of Chemokine Signaling in the left
ventricles collected from the mice with MI alone
(IN, Figure 2A) or those treated with stem cell ther-
apy post-MI (IT, Figure 2B), as compared to the con-
trol mice (NN, i.e. animals had no MI, nor stem cell
therapy).*’!

Therefore, future studies using the Gene Expres-
sion Recovery score ! in analyzing the available
clinical human specimens and pre-clinical animal
samples of heart, brain and blood, simultaneously
would reveal some useful genomic and transcrip-
tomic information linking the heart-brain interac-
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tions that are discussed in the review. Looking at
the relationship between Table 2 and Figure 2, three
different chemokines are present in both. These in-
clude CXCL12 and CCL22, which are two chemo-
kines that are not regulated as seen by the color

code.

CXCL12 was shown to increase under stress,
which is an important factor in depression. " Since
it is not regulated, when it is increased it causes
more and stronger effects which could cause the de-
pression seen in these patients.[”l CXCL12 is a
prominent component of the transmigration of

lymphocytes across the blood-brain barrier (BBB).

[69]

Further it is shown that can be CXCL12 expressed
at the BBB and even attract protective natural killer

cells in times of need such as an ischemic stroke.

[70]

CCL22 " is also not regulated and its pathway is
better described. It was seen that CCL22 is a macro-
phage-derived chemokine that is highly active in
patients of MDD who respond to anti-depressive
therapy. This suggests that chemotaxis and infiltra-
tion of monocytes, and the recruitment of T-helper 2
cells (Th2) and T-regulatory cells through the blood
brain barrier is a potential pathway for the role of
chemokines in MDD. Furthermore, CCL22 expres-
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(B) | CHEMOKINE SIGNALING PATHWAY |
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Figure 2 Regulated chemokine signaling pathway in the left ventricle of the mice with acute myocardial infarction (MI; Graph A)
and the mice with acute MI and treated with stem cells (Graph B), in respect to the control mice received sham treatment. Arrbl: Ar-
restin beta 1; Ccl8: Chemokine: C-C motif ligand 8; Cxcl12/14/16: Chemokine: C-X-C motif ligand 12/14/16; Gnb3/4: Guanine nucle-
otide binding protein: G protein, beta 3/4; Gngl1/5: Guanine nucleotide binding protein: G protein, gamma 11/5; Ikbkg: Inhibitor of
kappaB kinase gamma; Jak2: Janus kinase 2; Ncfl: Neutrophil cytosolic factor 1; Pard3 : Par-3: partitioning defective 3 homolog; Pik3ca:
Phosphatidylinositol 3-kinase; catalytic; alpha polypeptide; Plcg2 : Phospholipase C, gamma 2; Ppbp: Pro-platelet basic protein; Rafl: V-
raf-leukemia viral oncogene 1; Rock2: Rho-associated coiled-coil containing protein kinase 2; Shc2: SHC: Src homology 2 domain con-

taining transforming protein 2.

found increased in patients with bipolar disorder,
specifically elevated during the depressive phase.
Through the evidence, we can clearly see a poten-
tial pathogenic role played by MCP-1 in both depre-
ssion and ML

SUMMARY AND PERSPECTIVES

Acute MI remains a primary cause of mortality
and morbidity in the modern societies. There has
been an increasing recognition on an apparent link
between MI and depression, which is the focus of
this review. While the exact percentage of preval-
ence reported in different studies and/or patient
groups may vary, there is an apparent positive cor-
relation between MI and depression. Post-MI men-
tal impairment poses extra difficulties for the cardi-
ac patient as the mental struggles affect both medic-
al and daily-life aspects of their lives. Besides the

920

medical challenges, the post-MI patients often have
an overall poor quality of life, difficulty returning to
work, increased health complaints and disabilities,
decreased use of primary care resources, and low
preventative lifestyle change. The vicious cycle also
contributes to noncompliance with medical advice
thus furthering medical concerns.

Hereby we focused on the potential pathogenic me-
chanisms underlying post-MI depression, which af-
fect brain, heart, and total body as shown in Figure 1.
For the brain, cingulate cortex dysfunction, neuroin-
flammatory reaction, and hypothalamic-pituitary-
adrenal dysregulation are potential pathogenic
pathways post-MI. These changes may be associ-
ated with or caused by the post-MI cardiac abnor-
malities such as reduced baroreflex sensitivity and
diminished heart rate variability. Lastly, altered
blood platelet function, coagulation system dys-
function, impaired immune function, chronic fa-
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Table 2 List of representative chemokines that have been linked to mental disorders.

Key cellular characters and

Evidence supporting the potential link

Stz pathophysiological function W] dbimen: b between chemokines and mental disorder
CXC superfamily

Chemokine (C-X-C motif) ligand 1 (CXCL1)

ish a small peptidef that acts as a I

chemoattractant for immune cells, o

especially neutrophils to the site of injury or gats treate deIth C.XC]i)l ahowed a d

infection’ and plays an important role in f.ei:éeasg 1N burrowing behavior and open-

lation of immune and inflammato: Depressive teld activity.

regula Ty P
CXCL1 responses. CXCLL1 is also involved in the symptoms Repeated social defeat in mice caused an

F&gfgfﬁge:n%fsgound rezbiiyg i (D increase in the CXCL1 levels in the brain.

CXCL1 contributes to the release of Th;}s‘ stégggsts hlglrlletlzuleu&? cyte recruitment

prostaglandins and thus causes increased (1 TS [PHERIH VERISRIERCE:

sensitivity to pain and drives nociceptive

sensitization.

Chemokine (C-X-C motif) ligand 2 (CXCL2)

is also called macrophage inflammatory

protein 2-o (MIPZ-afand serves as a Repeated social defeat in mice also caused
CXCL2 neutrophil chemoattractant. CXCL2 is Depression an increase in the CXCL2 levels in the

involved in immune responses including brain.*

wound healing, cancer metastasis, and

angiogenesis.

Chemokine (C-X-C motif) ligand 4 (CXCL4)

is also known as Platelet factor 4 (PF4), and

Elays a major role in neutralization o

epfarin—lfﬂgi mglecule? onhthe gndl?l:hglial dlevels of

surface of blood vessels, thereby inhibitin: . Increased levels of CXCL4 were seen in
QL local antithrombin elctiVit{l and}llsromotingg Repieealy depressed patients.”

coagulation. CXCL4 is a chemoattractant

for neutrophils and fibroblasts and is

involved with inflammation and wound

repair.

Chemokine (C-X-C motif) ligand 7 (CXCL7)

is released in large amounts from platelets
CXCL7 following their activation. CXCL7 may Depression Increased levels of CXCL7 were also seen in

function as an immediate-early mediator of p depressed patients.”*’!

neutrophil recruitment released from

platelets at sites of inflammation.

Chemokine (C-X-C motif) ligand 8 (CXCLS)

is the most potent human neutrophil-

attracting chemokine and plays crucial roles Levels of CXCLS8 in blood samples for

in the response to infection and tissue depressed patients were higher than the

injury. CXCLS8 is also known as Interleukin average for control subﬂ'ects but this was
CXCLS 8 (IL-8), which is produced by macrophages .. after controlling for only healthy patients.

and other cell types such as epithelial cells, p This suggests that inflammatory changes of

airwaill smooth muscle cells, and underlying ]%hysical disease could mask the

endothelial cells. CXCL8 plays a key role in changes in chemokine levels in depressed

neutrophil recruitment and degranulation patients.”

and its secretion serves as a key parameter

in localized inflammation.

Chemokine (C-X-C motif) ligand 10

(CXCL10), also known as Interferon gamma- Significantly higher blood levels of CXCL10
CXCL10 induced protein 10 (IP-10), is a circulating ~ MDD with suicidal =~ were seen in patients with MDD with

inflammatory marker. CXCL10 is a ideation suicidal ideation as compared to MDD

biomarker for the development of heart alone.”

failure and left ventricular dysfunction.

Chemokine (C-X-C motif) ligand 12

(CXCL12) is also known as stromal cell-

derived factor 1 (SDF-1). CXCL12 is

strongly chemotactic for lymphocytes and Increased level of CXCL12 in the
CXCL12 is involved with cell migration that Stress hippocampus and prefrontal cortex

contributes to inflammation, including
neuroinflammation by attracting leukocytes
across the blood brain barrier. Excessive
production and accumulation of CXCL12
are cytotoxic.

suggests the excessive activation of
microglial cells.””!
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Continued

Key cellular characters and

Evidence supporting the potential link

Gzl shie pathophysiological function ksl Gt between chemokines and mental disorder
CC superfamily
Chemokine (C-C motif) ligand 2 (CCL2) is
also called as monocyte chemoattractant q i Gom S
priciciod (G ) e sl MDD R e
}I?ecl)}r)lioncyfciseﬁ tlc;lee ;{[ii‘lﬁclﬁéoé‘zci};;ts;?smg Stress implicated irzl chemotactic migrajci()[glof
CCL2 injured and inflamed tissues where they peripheral monocytes to the brain.
tCr%T,’)fci);ﬁgglc\)/Zldssiﬁetlrgaﬁz?l};gages. Bipolar disorder Increased levels of CCL2 are seen in
inflammatory processes in various [peiiteint it sriplln iiserdler,
neurodegenerative diseases.
Chemokine (C-C motif) ligand 3 (CCL3) is
also known as macrophage inflammatory Depressed Eatients had a higher level of
rotein 1o (MIP-1a). CCL3 is involved in : CCL3 which also acts as a macrophage
CCL3 p Depression phag
acute inflammatory state in recruitment P inflammatory protein-la when compared to
and activation of polymorphonuclear healthy contiol %]
leukocytes.
Chemokine (C-C motif) ligands 4 (CCL4) is
also known as macrophage inflammatory
protein 1 (MIP-1p) and is produced during ; Plasma levels of CCL4 were shown to be
o inflammation and tissue damage to attract D decreased in depressed patients.””"""]
immune cells such as leukocytes to migrate
into peripheral tissues.
Chemokine (C-C motif) ligand 11 (CCL11)
is also known as eosinophil chemotactic
protein and eotaxin-1. CCL11 selectively Increased levels of CCL11 are seen in
CCL11 recruits eosinophils by inducing their Depression patients with bipolar disorder as well as
chemotaxis, and is implicated in allergic depression.“‘”
responses as well as neurogenesis an
mental disorders.
MDD patients who responded to anti-
depressive therapy had increased levels of
CCL22. This is a macrophage-derived
Chemokine (C-C motif) ligand 22 (CCL22) chemokine which suggests that chemotaxis
MDD and infiltration of monocytes, and the

CCL22 Flays a role in trafficking of the activated T
ymphocytes to inflammatory sites.

recruitment of T-helper 2 cells (Th2) and T-
regulatory cells through the blood brain
barrier is a potential E)athway for the role of
chemokines in MDD."!

CCL: chemokine (C-C motif) ligand; CXCL: chemokine (C-X-C motif) ligand; MDD: major depressive disorder.

tigue, and impaired nerve and muscle function all
could be the contributing factors leading to the
higher prevalence of depression after MI.

A salient point we have postulated in this review
is that chemokines could serve as major compon-
ents in the pathogenic signaling network that con-
nects heart and brain during the post-MI period
and contributes to post-MI depression. In particu-
lar, three chemokines attracted our interests are CX-
CL12, CCL22, and MCP-1. Among them, CXCL12 is
an integral component of the transmigration of
lymphocytes across the BBB, which is important in
the development of depression. CXCL12 is vital in
the body's response to MI, and it also aids in the re-
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cruitment of T-helper 2 cells (Th2) and T-regulatory
cells through the BBB. MCP-1 is constantly upregu-
lated in canine, rat, and mouse models that exhibit
myocardial infarction. Also, when studying bipolar
patients, it was found that MCP-1 was specifically
increased during the depressive phase of bipolar
disorder making the link between MI and depres-
sion clear. Taken together, we envisage that a chemo-
kine-targeted new therapeutic approach may poten-
tially improve the efficacy of current treatment of
depression in post-MI settings, which currently rely
on SSRIs and cognitive behavior and exercise ther-
apies. Apparently, combinatorial management has
been shown to provide better outcomes in post-MI

http:/ /www.jgc301.com; jgc@jgc301.com A
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depression and overall rehabilitation. Future re-
search needs to test and validate this chemokine-re-
lated hypothesis on post-MI depression and to
identify new therapies to treat mental disorders that
could severely hamper the patient’s ability to re-
turn to normal life following acute MI.
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