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CCL7 as a novel inflammatory mediator 
in cardiovascular disease, diabetes mellitus, 
and kidney disease
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Abstract 

Chemokines are key components in the pathology of chronic diseases. Chemokine CC motif ligand 7 (CCL7) is 
believed to be associated with cardiovascular disease, diabetes mellitus, and kidney disease. CCL7 may play a role in 
inflammatory events by attracting macrophages and monocytes to further amplify inflammatory processes and con‑
tribute to disease progression. However, CCL7‑specific pathological signaling pathways need to be further confirmed 
in these chronic diseases. Given the multiple redundancy system among chemokines and their receptors, further 
experimental and clinical studies are needed to clarify whether direct CCL7 inhibition mechanisms could be a promis‑
ing therapeutic approach to attenuating the development of cardiovascular disease, diabetes mellitus, and kidney 
disease.
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Background
Chemokines are small-molecular-weight chemotac-
tic cytokines that are secreted by several cells, such as 
endothelial cells, fibroblasts, neutrophils, and mac-
rophages. They can be broadly divided into four sub-
families: CC, C, CXC, and CX3C [1, 2]. Chemokines 
have complex signaling pathways because they often 
have shared and specific chemokine receptors. In other 
words, some chemokines bind to multiple receptors, 
and receptors can share multiple chemokines from the 
same subfamily. Chemokines are defined as homeostatic 
or inflammatory depending on their characteristics. 
Homeostatic chemokines are constitutively secreted and 
are mainly involved in lymphocyte traffic, while inflam-
matory chemokines are related to pro-inflammatory 

mechanisms and induce leukocyte recruitment to aug-
ment disease [3]. Circulating chemokines may identify 
individuals with clinically significant cardiovascular dis-
ease [4]. Although preclinical studies have revealed the 
importance of several chemokines in disease, chemokine-
based therapy is not yet available for clinical use in car-
diovascular disease, diabetes mellitus (DM), and kidney 
disease [5, 6]. The potential reasons for this are poor tar-
get selection, the inappropriate timing of administration, 
and a deficient understanding of the complex communi-
cation system among chemokines and their receptors. If 
possible, the role of each chemokine and receptor should 
be fully and directly investigated to ensure potential clini-
cal implementation in each individual disease.

Chemokine CC motif ligand 7 (CCL7)
Chemokine CC motif ligand 7 (CCL7), also known as 
monocyte chemotactic protein (MCP)-3, is a chemotac-
tic factor for monocytes and neutrophils. There are four 
kinds of MCPs (MCP-1/CCL2, MCP-2/CCL8, MCP-3/
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CCL7, and MCP-4/CCL13) in the CC chemokine sub-
family, with 56–71% amino acid sequence homology 
between the four MCP chemokines [7]. The ability of 
bindarit to inhibit MCP production by monocytes and 
endothelial cells may underlie the drug’s anti-inflamma-
tory activity in disease [8]. Though they share high simi-
larity in the amino acid sequence, MCP chemokines have 
different receptors and biological activities. The human 
CCL7 gene is located on chromosome 17q11.2-12 [9]. 
Human CCL7 proteins are synthesized as 99-amino-acid 
precursors. Mature protein of 76 amino acids is secreted 
after cleavage of the signal peptide [10]. CCL7 adopts an 
alphabeta fold structure [11]. CCL7 was first character-
ized from the human osteosarcoma supernatant [12]. 
Therefore, most CCL7-related studies focus on its role 
in tumorigenesis. Some studies indicate that CCL7 can 
promote tumor invasion and metastasis; however, other 
studies suggest that CCL7 has tumor suppressor effects 
[13].

CCL7 can be induced in several cell types, such as 
endothelial cells, vascular smooth muscle cells (VSMCs), 
and myelomonocytic cells, under the stimulation 
of  phorbol 12-myristate 13-acetate [14], tumor necro-
sis factor (TNF)-α [15], or lipopolysaccharides [16]. In a 
clinical setting, higher CCL7 levels are observed in sub-
jects with an elevated body mass index [17]. CCL7 is 
dominantly expressed in preadipocytes compared to adi-
pocytes [18]. Enhanced levels of CCL7 are observed in 
M1 and M2a macrophages [19]. Platelet-derived growth 
factor-BB stimulates CCL7 expression in perivascular 
precursor cells and leads to increased accumulation of 
macrophages [20]. Moreover, CCL7 expression decreases 
following stimulation of interleukin (IL)-4 and IL-10 and 
increases following stimulation of IL-1 and TNF-α [21].

As mentioned previously, chemokines and their 
receptors often have complex networks, that is, they 
bind to multiple receptors. CC chemokine receptor 
(CCR)1, CCR2, CCR3, and CCR5 are known as the 
functional receptors of CCL7. CCR1 and CCR3 may 
cause directional migration of circulating angiogenic 
cells; CCR2 and CCR5 are most critical to the mono-
cyte mobilization [22, 23].  Among them, CCR2 is the 
most well-known receptor of MCPs. MCP chemokines 
can stimulate CCR2, which is located on monocytes 
and macrophages and is associated with the pathogen-
esis of atherosclerosis and type 2 DM [24, 25].  Both 
exogenous and endogenous CCL7 can recruit leuko-
cytes that express associated receptors to migrate along 
the concentration gradient to the sites of inflamma-
tion. In monocyte mobilization from bone marrow to 
blood circulation, CCR2 and CCL7 are critical for  the 
recruitment of monocytes to sites of inflammation [26]. 
It is indicated that CCL7 may be also involved in the 

development of aortic aneurysm via the CCR1-related 
mechanisms [27]. However, the individual role of CCR3 
and CCR5 in the in vivo effects of CCL7 still await fur-
ther clarified (Fig. 1).

Decreased CCL7 levels may result in a loss of their 
chemotactic effects on leukocytes and a subsequent 
reduction in inflammatory cell recruitment, while ele-
vated CCL7 levels may contribute to increased inflam-
mation. Though both preclinical studies and clinical trials 
show the beneficial effects of CCR2 inhibition, especially 
in atherosclerosis, no drugs have been approved as yet 
[28]. One major possibility is that our understanding of 
the multiple redundancy system among chemokines 
and their receptors is still deficient, which may hinder 
potential translation to clinical applications. Accord-
ingly, the role of CCL7 itself should be further con-
firmed, especially in inflammatory-related diseases. This 
review focuses on the emerging evidence on the roles 
of CCL7-related mechanisms in both experimental and 
clinical cardiovascular disease, DM, and kidney disease. 
It is aimed to provide a rationale for the potential role of 
CCL7-related mechanisms as therapeutic targets in these 
diseases.

The potential role of CCL7 in cardiovascular disease
Myocardial infarction and cardiac hypertrophy
Most CCL7-related studies on cardiovascular disease 
have been performed in myocardial infarction. Elevated 
circulating  CCL7  levels are observed in patients with 
acute myocardial infarction and can be used as a predic-
tor of the risk of death or recurrent myocardial infarction 
[29]. Increased CCL7 levels are detected in local extra-
cellular vesicle generation in the infarcted heart coordi-
nates of cardiac inflammation after myocardial infarction 
[30]. Upregulated CCL7 expressions are observed in rat 
hearts after ischemia and participate in the recruitment 
of  CD34+ bone marrow progenitor cells to the ischemic 
myocardium [31]. In addition, CCL7 may be a myocar-
dial mesenchymal stem cell (MSC) homing factor. CCL7 
upregulation can help recruit MSCs to the injured areas 
and improve cardiac remodeling [32]. Overexpression 
of LIM-homeobox transcription factor islet-1 in MSCs 
promotes angiogenesis by increasing CCL7 secretion 
and enhancing the survival of human umbilical vein 
endothelial cells [33]. On the contrary, MSC applica-
tion in Coxsackievirus B3-induced myocarditis reduces 
myocardial inflammation with decreased left ventricular 
CCL7 mRNA expression [34]. In rodent models of car-
diac hypertrophy, left ventricular CCL7 expression is 
enhanced in the early inflammatory phase [35, 36]. This 
discussion indicates that the role of CCL7 is still unde-
fined in cardiovascular disease.
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Angiogenesis
Importantly, low CCL7 levels are observed in culture 
supernatants of circulating angiogenic cells but relatively 
high levels are observed in culture supernatants of mac-
rophages, suggesting that the CCL7-induced migration 
of circulating angiogenic cells is majorly via the parac-
rine mechanism. In vivo, CCL7 can induce blood vessel 
formation in Matrigel plugs in normal 8- to 11-week-old 
C57BL6 mice under physiological conditions [37]. Nota-
bly,  aging could upregulate aortic CCL7 expression in 
wild-type mice [38]. Collectively, these data imply that 
CCL7 might promote angiogenesis at low concentra-
tions (physiological or young conditions) and attenuate 
angiogenesis at relatively high concentrations (pathologi-
cal or elderly conditions). Although the pathological role 

of CCL7 is unknown, more direct and solid evidence is 
needed.

Atherosclerosis
Cytokine-induced CCL7 expression is enhanced 
in smooth muscle cells (SMCs) and in the carotid artery 
after balloon angioplasty, indicating the potential role 
of CCL7 in the pathogenesis of restenosis and ath-
erosclerosis [39]. In a mouse model of atherosclerosis, 
low-density-lipoprotein (LDL)-receptor-deficient mice 
fed a high-fat diet showed enhanced arterial thrombo-
sis with increased plasma CCL7 expression and altered 
gut microbial diversity [40]. In addition, CCL7 can pro-
mote human coronary artery SMC and VSMC  pro-
liferation in  vitro [41, 42]. In CCL7-overexpressing 

Fig. 1 The correlation of CCL7 in cardiovascular disease, diabetes mellitus, and kidney disease in this review article. CCL7 can be induced in 
endothelial cells, VSMCs, and THP‑1 under the stimulation of PMA, TNF‑α or LPS. CCR1, CCR2, CCR3 and CCR5 are the functional receptor of 
CCL7. CCL7 can recruit immune cells that express associated receptors, which may result in inflammatory related disease, such as cardiovascular 
disease, diabetes mellitus, and kidney disease. CCR1: CC chemokine receptor 1; CCR2: CC chemokine receptor 2; CCR3: CC chemokine receptor 
3; CCR5: CC chemokine receptor 5; ERK: extracellular signal‑regulated kinases; ESRD: end-stage renal disease; iNOS: inducible nitric oxide synthase; 
IL‑6: interleukin‑6; IL‑12A/B: interleukin‑12A/B; JAK2: Janus kinase 2; LPS: lipopolysaccharides; MAPK: mitogen-activated protein kinases; PI3K: 
phosphoinositide 3‑kinases; PMA: phorbol 12‑myristate 13‑acetate; STAT1: signal transducer and activator of transcription 1; THP‑1: myelomonocytic 
cells; TNF-α: tumor necrosis factor-alpha; VSMCs: vascular smooth muscle cells
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transgenic mice fed a high-fat-and-high-cholesterol diet, 
higher plasma total cholesterol levels and higher lipid 
accumulation in the aorta were observed compared to 
wild-type mice [43]. Further, CCL7 expression can be 
induced  by oxidized LDL in human monocytic THP-1 
cells in  vitro [44]. Although the absence of proprotein 
convertase subtilisin/kexin type 9 in atherosclerosis-
prone  Ldlr−/−Apobec1−/− mice esulted in decreased lipid 
and apoB levels, fewer atherogenic LDLs, and reduced 
atherosclerosis, the LDLs from these mice could induce 
lower endothelial expression of intercellular adhesion 
molecule-1,  CCL2,  CCL7,  IL-6,  and IL-1β [45]. Alto-
gether, these data seem to indicate that CCL7 is not only 
a biomarker but also one of the potential contributors to 
atherosclerosis, especially in the early stages. A CCL7-
deficient animal model may be required to confirm the 
direct role of CCL7 in the development as well as pro-
gression of atherosclerosis.

Hypertension and aortic aneurysm
CCL7 inhibition with antibodies can attenuate angioten-
sin-II-induced hypertension and vascular remodeling, 
accompanied by decreased macrophage infiltration [46]. 
In a deoxycorticosterone acetate/salt-induced hyper-
tension mouse model, mRNA expression of CCR2 and 
its ligands, such as CCL2,  CCL7, CCL8, and CCL12, in 
the aorta was upregulated [47]. In patients with pulmo-
nary arterial hypertension, upregulated CCL7 is associ-
ated with unfavorable 5-year transplant-free survival 
rates [48]. In a mouse model of renovascular hyperten-
sion, Ccl2-deficient mice show reduced mononuclear cell 
infiltration and decreased Ccl7 gene expression [49]. Fur-
thermore,  aging can lead to increased renal and aortic 
CCL7 expression in wild-type mice [38]. CCL7 leads to 
angiotensin-II-induced abdominal aortic aneurysm by 
promoting the M1 phenotype of macrophages through 
the CCR1/JAK2/STAT1 signaling pathway [27]. Protein-
kinase-C-δ-knockout mice show attenuated inflam-
mation in models of abdominal aortic aneurysm with 
reduced CCL7 expression in the abdominal aortic artery 
[50]. Taken together, it seems that CCL7 is inducible and 
may be involved in the pathological process of hyperten-
sion and vascular remodeling. Importantly, it may play an 
amplifying role in the inflammation process by attracting 
macrophages and monocytes. Nevertheless, the specific 
signaling pathways related to CCL7 regulation need fur-
ther investigation.

The potential role of CCL7 in type 1 and type 2 
diabetes mellitus (DM)
Type 1 DM
Acute hyperglycemia can result in upregulated urinary 
expression of CCL7 in patients with type 1 DM [51]. 

Cardiac diastolic abnormality and CCL7 were also inde-
pendently associated in a subset of young type 1 diabetic 
patients during acute diabetic ketoacidosis, suggesting 
the potential link of CCL7-related systemic inflamma-
tion with the presence of cardiac diastolic dysfunction 
[52]. Furthermore, in a mouse model of type 1 DM, T 
lymphocyte exosomes may induce CCL7 in β cells to pro-
mote the recruitment of immune cells and exacerbate β 
cell death [53]. Chemokine signaling pathways related 
to CCL2, CCL7, and CXCL10 could be involved during 
β cell apoptosis in type 1 DM animal models with non-
obese diabetic mice [54]. In a cyclophosphamide-induced 
non-obese diabetic mouse model, an increase in the tran-
scripts of chemokine genes, such as CXCL1, CXCL5, and 
CCL7, was observed in purified islets [55]. CCL7 may be 
one of the contributors to islet damage in the develop-
ment of type 1 DM.

Type 2 DM
CCL7 levels could be upregulated in patients with type 
2 DM [56]. In type 2 diabetic obese patients, adipose 
interferon regulatory factor 5 transcripts were positively 
associated with CCL7 [57]. Patients with type 2 DM 
and ischemic stroke had higher serum CCL7 levels than 
patients with ischemic stroke alone [58].  Although the 
recruitment of immune cells to adipose tissue is altered 
in obesity, which causes insulin resistance in type 2 DM, 
the dominant factor for recruiting macrophages in adi-
pose tissue during obesity should be further defined [59]. 
Interestingly, in mice with severe combined immunode-
ficiency on a normal chow diet,  insulin resistance was 
associated with increased CCL7 levels [60]. Moreover, 
a high-fat diet increases neutrophil infiltration into adi-
pose tissue with upregulated CCL7 levels [61], suggest-
ing its potential harmful role in metabolic syndrome. 
Altogether, CCL7 may be involved in the development of 
adipocyte inflammation and insulin resistance in type 2 
DM. However, the underlying mechanism is unknown, 
and further experiments are required to confirm this 
hypothesis.

The potential role of CCL7 in kidney disease
End‑stage renal disease, nephritis, nephrolithiasis, 
and acute kidney injury
Previous studies have shown the relationships between 
CCL7 and kidney damage in different models of kid-
ney diseases, such as kidney injury, glomerulonephritis, 
kidney stone, end-stage renal disease and so on. End-
stage renal disease patients exhibit Mycobacterium-
tuberculosis-specific CCL7 expression in the absence of 
interferon-γ [62]. CCL7 expression is markedly enhanced 
in the papillary tips, kidney urine, and bladder urine of 
patients with nephrolithiasis [63]. Transplantation of 



Page 5 of 8Chang et al. Cardiovascular Diabetology          (2022) 21:185  

the human-OXR1-gene-integrated MSCs significantly 
reduced macrophage and T lymphocyte infiltration by 
decreasing CCL7, IL-1β, IL-6, and NF-κB expression 
in the injured kidneys of a nephritis mouse model [64]. 
CCL7 can be produced from activated primary-cultured 
mesangial cells from lupus nephritis mice [65]. In a rat 
model of puromycin-aminonucleoside-induced nephro-
sis, CCL7 mRNA levels increased on day 5 and returned 
to normal by day 7 in the renal cortex [66].

CCL7 could be upregulated by transforming growth 
factor-β1, which plays a premier role in kidney fibrosis in 
NRK-49F normal rat kidney fibroblasts [67]. The block-
ade of the proinflammatory kinin B1 receptor has anti-
fibrotic effects by inhibiting CCL7 expression [68]. In 
response to acute kidney injury, B cells produce CCL7 
to facilitate neutrophil and monocyte recruitment to 
the injured sites [69]. Treatment with oxalate upregu-
lates CCL7 expression in human renal proximal tubular 
epithelial cells [70]. Oncostatin M is upregulated in the 
early phases of urinary obstruction. Oncostatin M over-
expression in tubular epithelial cells leads to epithelial-
myofibroblast trans-differentiation, and oncostatin M 
treatment upregulates CCL7 mRNA in kidney fibro-
blasts [71]. A previous study has suggested the dual role 
of CCL7 in the development of kidney tubular intersti-
tial fibrosis, deleterious in early stages but beneficial in 
later stages in a model of unilateral ureteral obstruction 
[72]. The administration of the p38 inhibitor SB203580 
blocked CCL7 induction in the cuffed kidneys in a model 
of renal artery stenosis [73]. Therefore, CCL7 may con-
tribute to the development of kidney fibrosis in different 
types of kidney diseases.

Diabetic kidney disease (DKD)
Kidney failure is one of the major complications from 
DM. In the unique pathology of DKD, changes in the 

glomerular structure, including mesangial expansion, 
reduction in the capillary surface, and podocyte loss, are 
major features [74]. Inflammation is considered a novel 
mechanism linked to DKD progression. Macrophage 
accumulation and infiltration play a key role in DKD 
development through the production of reactive oxygen 
species, cytokines, and proteases. Moreover, kidney fibro-
sis results from extracellular matrix deposition, which is 
caused by the infiltration of immune cells, inflammatory 
cells, and altered chemokines and cytokines in the kid-
ney [75]. However, the mechanistic role of chemokines 
including CCL7 in clinical DKD is not well clarified 
[6]. While CCL7 may be known as a proinflammatory 
chemokine related to kidney fibrosis progression in 
other chronic kidney diseases, its direct mechanistic role 
remains unclear in DKD. Limited clinical data suggest 
that acute hyperglycemia may cause upregulated urinary 
CCL7 expression in patients with type 1 DM [51]. Future 
studies may be required to explore the potential impacts 
of chemokines such as CCL7 on DKD in this regard.

Conclusion
Elevated CCL7 expression is observed in cardiovascu-
lar disease (Table 1), DM (Table 2), and kidney disease 
(Table  3). However, the current CCL7-related stud-
ies were conducted by different models in different 
species. Given the limited information, it may be dif-
ficult to define the baseline expression of mRNA and 
protein in these diseases. Future research is required 
to clarify these issues. While the detailed pathologi-
cal role of CCL7 and related signaling pathways in 
these diseases need further confirmation, it has been 
suggested that CCL7 may promote the progression of 
atherosclerosis and aortic aneurysm and play a signifi-
cant role in the inflammatory events underlying most 
vascular diseases, DM, and kidney disease by attracting 

Table 1 Summary of the CCL7 in cardiovascular disease in this review article

HUVECs human umbilical vein endothelial cells, ICAM-1 intercellular adhesion molecule-1, IL-1β: interleukin-1β, IL-6: interleukin-6, MSCs mesenchymal stem cells, VSMCs 
vascular smooth muscle cells

Cardiovascular disease References

Myocardial infarction CCL7↑ Risk of death↑/Recurrent myocardial infarction↑/Cardiac inflammation↑ [29–31]

CCL7 (MSCs) ↑ Cardiac remodeling↑ /Survival of HUVECs ↑/Myocardial inflammation↑ [32–34]

Cardiac hypertrophy CCL7↑ Inflammation (Early phase of cardiac hypertrophy) ↑ [35, 36]

Angiogenesis CCL7↑ Formation of blood vessels (Physiological condition) ↑ [37, 38]

Atherosclerosis In VSMCs and in carotid artery 
after balloon angioplasty 
CCL7↑
CCL7 (monocyte) ↑

Arterial thrombosis↑/‑altered gut microbial diversity/VSMCs proliferation↑/Lipid 
accumulation in the aortas↑/ Endothelial expression of ICAM‑1, CCL2, CCL7, IL‑6, 
and IL‑1β↑

[39–45]

Hypertension CCL7↑ 5‑year transplant‑free survival rates↓/Mononuclear cell and macrophage infiltra‑
tion↑

[46–49]

Aortic aneurysm CCL7↑ M1 phenotype of macrophage (CCR1/JAK2/STAT1) ↑ [27, 50]
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macrophages and monocytes to amplify inflammatory 
processes and contribute to the disease progression 
(Fig.  1). Given the specific pathological background 
in each individual disease model, the mechanics of 
CCL7 should be fully investigated to ensure transla-
tion to clinical trials. Some previous studies suggested 
the potential beneficial effects of CCL7 inhibition by 
neutralizing antibody or genetic knockout in myocar-
dial infarction, atherosclerosis, aortic aneurysm, acute 
kidney injury, and in later stages of unilateral ureteral 
obstruction [27, 29, 42, 69, 72]. However, there are cur-
rently no target drugs or small molecule drugs against 
CCL7. Due to the multiple redundancy system among 
chemokines and their receptors, further experimental 
and clinical studies should be interesting to focus on 
direct anti-CCL7 mechanisms as a promising therapeu-
tic approach to attenuating the development of cardio-
vascular disease DM, and kidney disease.
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Table 2 Summary of the CCL7 in diabetes mellitus in this review article

Diabetes mellitus References

Type 1 diabetes CCL7 (T lymphocyte exosomes) ↑ Recruitment of immune cells↑/β‑cell apoptosis ↑/
Diastolic abnormality

[51–54]

CCL7 (Islets cells) ↑ CXCL1, CXCL5, and CCL7 ↑ [55]

Type 2 diabetes CCL7 (Adipose tissue) ↑ Interferon regulatory factor 5 transcripts were positively 
associated with CCL7

[56, 57]

Neutrophil infiltration↑/Insulin resistance↑ [59–61]

Diabetes and ischemic stroke Serum CCL7 ↑ [58]

Table 3 Summary of the CCL7 in kidney disease in this review article

ESRD end-stage renal disease, TGF-β transforming growth factor-β

Kidney disease References

ESRD Exhibit mycobacterium tuberculosis‑specific CCL7 expression [62]

Nephrolithiasis CCL7 in papillary tips, kidney urine, and bladder urine ↑ [63]

Nephritis CCL7 ↑ Macrophage and T lymphocyte infiltration ↑ [64–66]

Kidney fibrosis CCL7 ↑ CCL7 could be up‑regulated by TGF‑β1 [67, 68]

Acute kidney injury CCL7 (B cell) ↑ Facilitate neutrophil and monocyte recruitment ↑ [69]

Kidney stone Oxalate upregulates CCL7 expressions in the human renal proximal tubular epithelial cells [70]

Urinary obstruction Oncostatin M treatment upregulates CCL7 mRNA in kidney fibroblasts/ kidney tubular interstitial fibrosis ↑ [71–73]

Diabetic kidney disease Urinary expressions CCL7 in type 1 diabetes ↑ [51]



Page 7 of 8Chang et al. Cardiovascular Diabetology          (2022) 21:185  

Received: 1 August 2022   Accepted: 9 September 2022

References
 1. Kufareva I, Salanga CL, Handel TM. Chemokine and chemokine receptor 

structure and interactions: implications for therapeutic strategies. Immu‑
nol Cell Biol. 2015;93(4):372–83.

 2. Rollins BJ. Chemokines. Blood. 1997;90(3):909–28.
 3. Moser B, Loetscher P. Lymphocyte traffic control by chemokines. Nat 

Immunol. 2001;2(2):123–8.
 4. Ardigo D, Assimes TL, Fortmann SP, Go AS, Hlatky M, Hytopoulos E, 

Iribarren C, Tsao PS, Tabibiazar R, Quertermous T. Circulating chemokines 
accurately identify individuals with clinically significant atherosclerotic 
heart disease. Physiol Genomics. 2007;31(3):402–9.

 5. Ridiandries A, Tan JT, Bursill CA. The role of CC‑chemokines in the regula‑
tion of angiogenesis. Int J Mol Sci. 2016. https:// doi. org/ 10. 3390/ ijms1 
71118 56.

 6. Chang TT, Chen JW. The Role of Chemokines and Chemokine Receptors 
in Diabetic Nephropathy. Int J Mol Sci. 2020. https:// doi. org/ 10. 3390/ 
ijms2 10931 72.

 7. Salanga CL, Dyer DP, Kiselar JG, Gupta S, Chance MR, Handel TM. Multiple 
glycosaminoglycan‑binding epitopes of monocyte chemoattractant 
protein‑3/CCL7 enable it to function as a non‑oligomerizing chemokine. 
J Biol Chem. 2014;289(21):14896–912.

 8. Grassia G, Maddaluno M, Guglielmotti A, Mangano G, Biondi G, Maffia 
P, Ialenti A. The anti‑inflammatory agent bindarit inhibits neointima 
formation in both rats and hyperlipidaemic mice. Cardiovasc Res. 
2009;84(3):485–93.

 9. Van Coillie E, Van Damme J, Opdenakker G. The MCP/eotaxin subfamily of 
CC chemokines. Cytokine Growth Factor Rev. 1999;10(1):61–86.

 10. Ali S, Robertson H, Wain JH, Isaacs JD, Malik G, Kirby JA. A non‑glycosami‑
noglycan‑binding variant of CC chemokine ligand 7 (monocyte chem‑
oattractant protein‑3) antagonizes chemokine‑mediated inflammation. J 
immunol. 2005;175(2):1257–66.

 11. Kim KS, Rajarathnam K, Clark‑Lewis I, Sykes BD. Structural characterization 
of a monomeric chemokine: monocyte chemoattractant protein‑3. FEBS 
Lett. 1996;395(2–3):277–82.

 12. Van Damme J, Proost P, Lenaerts JP, Opdenakker G. Structural and func‑
tional identification of two human, tumor‑derived monocyte chemotac‑
tic proteins (MCP‑2 and MCP‑3) belonging to the chemokine family. J Exp 
Med. 1992;176(1):59–65.

 13. Liu Y, Cai Y, Liu L, Wu Y, Xiong X. Crucial biological functions of CCL7 in 
cancer. PeerJ. 2018;6: e4928.

 14. Kondo A, Isaji S, Nishimura Y, Tanaka T. Transcriptional and post‑transcrip‑
tional regulation of monocyte chemoattractant protein‑3 gene expres‑
sion in human endothelial cells by phorbol ester and cAMP signalling. 
Immunology. 2000;99(4):561–8.

 15. Zhao Y, Fu Y, Hu J, Liu Y, Yin X. The effect of tissue factor pathway inhibitor 
on the expression of monocyte chemotactic protein‑3 and IkappaB‑
alpha stimulated by tumour necrosis factor‑alpha in cultured vascular 
smooth muscle cells. Arch Cardiovasc Dis. 2013;106(1):4–11.

 16. Murakami K, Nomiyama H, Miura R, Follens A, Fiten P, Van Coillie E, Van 
Damme J, Opdenakker G. Structural and functional analysis of the pro‑
moter region of the human MCP‑3 gene: transactivation of expression by 
novel recognition sequences adjacent to the transcription initiation site. 
DNA Cell Biol. 1997;16(2):173–83.

 17. Pang Y, Kartsonaki C, Lv J, Fairhurst‑Hunter Z, Millwood IY, Yu C, Guo 
Y, Chen Y, Bian Z, Yang L, et al. Associations of adiposity, circulating 
protein biomarkers, and risk of major vascular diseases. JAMA cardiol. 
2021;6(3):276–86.

 18. Ignacio RM, Gibbs CR, Lee ES, Son DS. Differential chemokine signature 
between human preadipocytes and adipocytes. Immune network. 
2016;16(3):189–94.

 19. Melton DW, McManus LM, Gelfond JA, Shireman PK. Temporal pheno‑
typic features distinguish polarized macrophages in vitro. Autoimmunity. 
2015;48(3):161–76.

 20. Au P, Tam J, Duda DG, Lin PC, Munn LL, Fukumura D, Jain RK. Paradoxical 
effects of PDGF‑BB overexpression in endothelial cells on engineered 
blood vessels in vivo. Am J Pathol. 2009;175(1):294–302.

 21. Polentarutti N, Introna M, Sozzani S, Mancinelli R, Mantovani G, Mantovani 
A. Expression of monocyte chemotactic protein‑3 in human monocytes 
and endothelial cells. Eur Cytokine Netw. 1997;8(3):271–4.

 22. Palomino DC, Marti LC. Chemokines and immunity. Einstein (Sao Paulo, 
Brazil). 2015;13(3):469–73.

 23. Cheng JW, Sadeghi Z, Levine AD, Penn MS, von Recum HA, Caplan AI, 
Hijaz A. The role of CXCL12 and CCL7 chemokines in immune regula‑
tion, embryonic development, and tissue regeneration. Cytokine. 
2014;69(2):277–83.

 24. Colin S, Chinetti‑Gbaguidi G, Staels B. Macrophage phenotypes in athero‑
sclerosis. Immunol Rev. 2014;262(1):153–66.

 25. Bai Y, Sun Q. Macrophage recruitment in obese adipose tissue. Obes Rev. 
2015;16(2):127–36.

 26. Tsou CL, Peters W, Si Y, Slaymaker S, Aslanian AM, Weisberg SP, Mack M, 
Charo IF. Critical roles for CCR2 and MCP‑3 in monocyte mobilization 
from bone marrow and recruitment to inflammatory sites. J Clin Investig. 
2007;117(4):902–9.

 27. Xie C, Ye F, Zhang N, Huang Y, Pan Y, Xie X. CCL7 contributes to angio‑
tensin II‑induced abdominal aortic aneurysm by promoting mac‑
rophage infiltration and pro‑inflammatory phenotype. J Cell Mol Med. 
2021;25(15):7280–93.

 28. Noels H, Weber C, Koenen RR. Chemokines as Therapeutic Targets in 
Cardiovascular Disease. Arterioscler Thromb Vasc Biol. 2019;39(4):583–92.

 29. Zouggari Y, Ait‑Oufella H, Bonnin P, Simon T, Sage AP, Guérin C, Vilar J, Cali‑
giuri G, Tsiantoulas D, Laurans L, et al. B lymphocytes trigger monocyte 
mobilization and impair heart function after acute myocardial infarction. 
Nat Med. 2013;19(10):1273–80.

 30. Loyer X, Zlatanova I, Devue C, Yin M, Howangyin KY, Klaihmon P, Guerin 
CL, Kheloufi M, Vilar J, Zannis K, et al. Intra‑cardiac release of extracellular 
vesicles shapes inflammation following myocardial infarction. Circ Res. 
2018;123(1):100–6.

 31. Bonaros N, Sondermeijer H, Schuster M, Rauf R, Wang SF, Seki T, Skerrett 
D, Itescu S, Kocher AA. CCR3‑ and CXCR4‑mediated interactions regulate 
migration of CD34+ human bone marrow progenitors to ischemic 
myocardium and subsequent tissue repair. J Thorac Cardiovasc Surg. 
2008;136(4):1044–53.

 32. Schenk S, Mal N, Finan A, Zhang M, Kiedrowski M, Popovic Z, McCa‑
rthy PM, Penn MS. Monocyte chemotactic protein‑3 is a myocardial 
mesenchymal stem cell homing factor. Stem cells (Dayton, Ohio). 
2007;25(1):245–51.

 33. Liu J, Li W, Wang Y, Fan W, Li P, Lin W, Yang D, Fang R, Feng M, Hu C, et al. 
Islet‑1 overexpression in human mesenchymal stem cells promotes 
vascularization through monocyte chemoattractant protein‑3. Stem cells 
(Dayton, Ohio). 2014;32(7):1843–54.

 34. Miteva K, Pappritz K, El‑Shafeey M, Dong F, Ringe J, Tschope C, Van 
Linthout S. Mesenchymal stromal cells modulate monocytes traffick‑
ing in coxsackievirus B3‑induced myocarditis. Stem Cells Transl Med. 
2017;6(4):1249–61.

 35. Nemska S, Monassier L, Gassmann M, Frossard N, Tavakoli R. Kinetic 
mRNA profiling in a rat model of left‑ventricular hypertrophy reveals early 
expression of chemokines and their receptors. PLoS ONE. 2016;11(8): 
e0161273.

 36. Nemska S, Gassmann M, Bang ML, Frossard N, Tavakoli R. Antagoniz‑
ing the CX3CR1 receptor markedly reduces development of cardiac 
hypertrophy after transverse aortic constriction in mice. J Cardiovasc 
Pharmacol. 2021;78(6):792–801.

 37. Bousquenaud M, Schwartz C, Leonard F, Rolland‑Turner M, Wagner D, 
Devaux Y. Monocyte chemotactic protein 3 is a homing factor for circu‑
lating angiogenic cells. Cardiovasc Res. 2012;94(3):519–25.

 38. Dinh QN, Chrissobolis S, Diep H, Chan CT, Ferens D, Drummond GR, 
Sobey CG. Advanced atherosclerosis is associated with inflammation, vas‑
cular dysfunction and oxidative stress, but not hypertension. Pharmacol 
Res. 2017;116:70–6.

 39. Wang X, Li X, Yue TL, Ohlstein EH. Expression of monocyte chemotactic 
protein‑3 mRNA in rat vascular smooth muscle cells and in carotid artery 
after balloon angioplasty. Biochem Biophys Acta. 2000;1500(1):41–8.

 40. Kiouptsi K, Jackel S, Pontarollo G, Grill A, Kuijpers MJE, Wilms E, Weber C, 
Sommer F, Nagy M, Neideck C, et al. The microbiota promotes arterial 

https://doi.org/10.3390/ijms17111856
https://doi.org/10.3390/ijms17111856
https://doi.org/10.3390/ijms21093172
https://doi.org/10.3390/ijms21093172


Page 8 of 8Chang et al. Cardiovascular Diabetology          (2022) 21:185 

thrombosis in low‑density lipoprotein receptor‑deficient mice. mbio. 
2019. https:// doi. org/ 10. 1128/ mBio. 02298‑ 19.

 41. Fu Y, Ma D, Liu Y, Li H, Chi J, Liu W, Lin F, Hu J, Zhang X, Zhu M, et al. Tissue 
factor pathway inhibitor gene transfer prevents vascular smooth muscle 
cell proliferation by interfering with the MCP‑3/CCR2 pathway. Lab Invest. 
2015;95(11):1246–57.

 42. Maddaluno M, Di Lauro M, Di Pascale A, Santamaria R, Guglielmotti 
A, Grassia G, Ialenti A. Monocyte chemotactic protein‑3 induces 
human coronary smooth muscle cell proliferation. Atherosclerosis. 
2011;217(1):113–9.

 43. An SJ, Jung UJ, Choi MS, Chae CK, Oh GT, Park YB. Functions of monocyte 
chemotactic protein‑3 in transgenic mice fed a high‑fat, high‑cholesterol 
diet. J Microbiol Biotechnol. 2013;23(3):405–13.

 44. Jang MK, Kim JY, Jeoung NH, Kang MA, Choi MS, Oh GT, Nam KT, Lee 
WH, Park YB. Oxidized low‑density lipoproteins may induce expression 
of monocyte chemotactic protein‑3 in atherosclerotic plaques. Biochem 
Biophys Res Commun. 2004;323(3):898–905.

 45. Sun H, Krauss RM, Chang JT, Teng BB. PCSK9 deficiency reduces athero‑
sclerosis, apolipoprotein B secretion, and endothelial dysfunction. J Lipid 
Res. 2018;59(2):207–23.

 46. Qi D, Wei M, Jiao S, Song Y, Wang X, Xie G, Taranto J, Liu Y, Duan Y, Yu B, 
et al. Hypoxia inducible factor 1alpha in vascular smooth muscle cells 
promotes angiotensin II‑induced vascular remodeling via activation of 
CCL7‑mediated macrophage recruitment. Cell Death Dis. 2019;10(8):544.

 47. Chan CT, Moore JP, Budzyn K, Guida E, Diep H, Vinh A, Jones ES, Widdop 
RE, Armitage JA, Sakkal S, et al. Reversal of vascular macrophage accumu‑
lation and hypertension by a CCR2 antagonist in deoxycorticosterone/
salt‑treated mice. Hypertension (Dallas, Tex : 1979). 2012;60(5):1207–12.

 48. Sweatt AJ, Hedlin HK, Balasubramanian V, Hsi A, Blum LK, Robinson WH, 
Haddad F, Hickey PM, Condliffe R, Lawrie A, et al. Discovery of distinct 
immune phenotypes using machine learning in pulmonary arterial 
hypertension. Circ Res. 2019;124(6):904–19.

 49. Kashyap S, Osman M, Ferguson CM, Nath MC, Roy B, Lien KR, Nath KA, 
Garovic VD, Lerman LO, Grande JP. Ccl2 deficiency protects against 
chronic renal injury in murine renovascular hypertension. Sci Rep. 
2018;8(1):8598.

 50. Ren J, Wang Q, Morgan S, Si Y, Ravichander A, Dou C, Kent KC, Liu B. 
Protein kinase C‑δ (PKCδ) regulates proinflammatory chemokine expres‑
sion through cytosolic interaction with the NF‑κB subunit p65 in vascular 
smooth muscle cells. J Biol Chem. 2014;289(13):9013–26.

 51. Cherney DZ, Scholey JW, Sochett E, Bradley TJ, Reich HN. The acute effect 
of clamped hyperglycemia on the urinary excretion of inflammatory 
cytokines/chemokines in uncomplicated type 1 diabetes: a pilot study. 
Diabetes Care. 2011;34(1):177–80.

 52. Hoffman WH, Passmore GG, Hannon DW, Talor MV, Fox P, Brailer C, Haislip 
D, Keel C, Harris G, Rose NR, et al. Increased systemic Th17 cytokines are 
associated with diastolic dysfunction in children and adolescents with 
diabetic ketoacidosis. PLoS ONE. 2013;8(8): e71905.

 53. Guay C, Kruit JK, Rome S, Menoud V, Mulder NL, Jurdzinski A, Mancarella F, 
Sebastiani G, Donda A, Gonzalez BJ, et al. Lymphocyte‑derived exosomal 
MicroRNAs promote pancreatic β cell death and may contribute to type 
1 diabetes development. Cell Metab. 2019;29(2):348‑361.e346.

 54. Guay C, Kruit JK, Rome S, Menoud V, Mulder NL, Jurdzinski A, Mancarella F, 
Sebastiani G, Donda A, Gonzalez BJ, et al. Lymphocyte‑derived exosomal 
MicroRNAs promote pancreatic beta cell death and may contribute to 
type 1 diabetes development. Cell Metab. 2019;29(2):348‑361.e346.

 55. Matos M, Park R, Mathis D, Benoist C. Progression to islet destruction in 
a cyclophosphamide‑induced transgenic model: a microarray overview. 
Diabetes. 2004;53(9):2310–21.

 56. Elwakeel NM, Hazaa HH. Effect of omega 3 fatty acids plus low‑dose 
aspirin on both clinical and biochemical profiles of patients with chronic 
periodontitis and type 2 diabetes: a randomized double blind placebo‑
controlled study. J Periodontal Res. 2015;50(6):721–9.

 57. Sindhu S, Kochumon S, Thomas R, Bennakhi A, Al‑Mulla F, Ahmad R. 
Enhanced adipose expression of interferon regulatory factor (IRF)‑5 asso‑
ciates with the signatures of metabolic inflammation in diabetic obese 
patients. Cells. 2020. https:// doi. org/ 10. 3390/ cells 90307 30.

 58. Zhao L, Huang S, Liao Q, Li X, Tan S, Li S, Ke T. RNA‑seq analysis of ischemia 
stroke and normal brain in a tree shrew model with or without type 2 
diabetes mellitus. Metab Brain Dis. 2021;36(7):1889–901.

 59. Inouye KE, Shi H, Howard JK, Daly CH, Lord GM, Rollins BJ, Flier JS. 
Absence of CC chemokine ligand 2 does not limit obesity‑associated infil‑
tration of macrophages into adipose tissue. Diabetes. 2007;56(9):2242–50.

 60. Bronsart LL, Contag CH. A role of the adaptive immune system in glucose 
homeostasis. BMJ Open Diabetes Res Care. 2016;4(1): e000136.

 61. Tsuhako R, Yoshida H, Sugita C, Kurokawa M. Naringenin suppresses 
neutrophil infiltration into adipose tissue in high‑fat diet‑induced obese 
mice. J Nat Med. 2020;74(1):229–37.

 62. Juno JA, Waruk JLM, Mesa C, Lopez C, Bueti J, Ball TB, Kiazyk SA. Mainte‑
nance of mycobacterium tuberculosis‑specific T cell responses in end 
stage renal disease (ESRD) and implications for diagnostic efficacy. Clin 
Immunol (Orlando, Fla). 2016;168:55–63.

 63. Sun AY, Hinck B, Cohen BR, Keslar K, Fairchild RL, Monga M. Inflamma‑
tory cytokines in the papillary tips and urine of nephrolithiasis patients. J 
Endourol. 2018;32(3):236–44.

 64. Li Y, Li W, Liu C, Yan M, Raman I, Du Y, Fang X, Zhou XJ, Mohan C, Li QZ. 
Delivering oxidation resistance‑1 (OXR1) to mouse kidney by genetic 
modified mesenchymal stem cells exhibited enhanced protection 
against nephrotoxic serum induced renal injury and lupus nephritis. J 
stem cell Res Ther. 2014. https:// doi. org/ 10. 4172/ 2157‑ 7633. 10002 31.

 65. Kanapathippillai P, Hedberg A, Fenton CG, Fenton KA. Nucleosomes 
contribute to increase mesangial cell chemokine expression during the 
development of lupus nephritis. Cytokine. 2013;62(2):244–52.

 66. Ou ZL, Natori Y, Natori Y. Transient and sequential expression of 
chemokine mRNA in glomeruli in puromycin aminonucleoside nephrosis. 
Nephron. 2000;85(3):254–7.

 67. Zhou S, Yin X, Mayr M, Noor M, Hylands PJ, Xu Q. Proteomic land‑
scape of TGF‑β1‑induced fibrogenesis in renal fibroblasts. Sci Rep. 
2020;10(1):19054.

 68. Klein J, Gonzalez J, Duchene J, Esposito L, Pradère JP, Neau E, Delage 
C, Calise D, Ahluwalia A, Carayon P, et al. Delayed blockade of the kinin 
B1 receptor reduces renal inflammation and fibrosis in obstructive 
nephropathy. FASEB J. 2009;23(1):134–42.

 69. Inaba A, Tuong ZK, Riding AM, Mathews RJ, Martin JL, Saeb‑Parsy K, 
Clatworthy MR. B lymphocyte‑derived CCL7 augments neutrophil and 
monocyte recruitment, exacerbating acute kidney injury. J Immunol. 
2020;205(5):1376–84.

 70. Xia Y, Zhou X, Ye Z, Yu W, Ning J, Ruan Y, Yuan R, Lin F, Ye P, Zheng D, et al. 
Construction and analysis of immune infiltration‑related ceRNA network 
for kidney stones. Front Genet. 2021;12: 774155.

 71. Elbjeirami WM, Truong LD, Tawil A, Wang W, Dawson S, Lan HY, Zhang P, 
Garcia GE, Wayne Smith C. Early differential expression of oncostatin M in 
obstructive nephropathy. J Interferon Cytokine Res. 2010;30(7):513–23.

 72. Gonzalez J, Mouttalib S, Delage C, Calise D, Maoret JJ, Pradère JP, Klein J, 
Buffin‑Meyer B, Van der Veen B, Charo IF, et al. Dual effect of chemokine 
CCL7/MCP‑3 in the development of renal tubulointerstitial fibrosis. 
Biochem Biophys Res Commun. 2013;438(2):257–63.

 73. Wang D, Warner GM, Yin P, Knudsen BE, Cheng J, Butters KA, Lien KR, Gray 
CE, Garovic VD, Lerman LO, et al. Inhibition of p38 MAPK attenuates renal 
atrophy and fibrosis in a murine renal artery stenosis model. Am J Physiol 
Renal Physiol. 2013;304(7):F938‑947.

 74. Gilbert RE. Proximal tubulopathy: prime mover and key therapeutic 
target in diabetic kidney disease. Diabetes. 2017;66(4):791–800.

 75. Srivastava SP, Hedayat AF, Kanasaki K, Goodwin JE. microRNA crosstalk 
influences epithelial‑to‑mesenchymal, endothelial‑to‑mesenchymal, and 
macrophage‑to‑mesenchymal transitions in the kidney. Front Pharmacol. 
2019;10:904.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1128/mBio.02298-19
https://doi.org/10.3390/cells9030730
https://doi.org/10.4172/2157-7633.1000231

	CCL7 as a novel inflammatory mediator in cardiovascular disease, diabetes mellitus, and kidney disease
	Abstract 
	Background
	Chemokine CC motif ligand 7 (CCL7)
	The potential role of CCL7 in cardiovascular disease
	Myocardial infarction and cardiac hypertrophy
	Angiogenesis
	Atherosclerosis
	Hypertension and aortic aneurysm

	The potential role of CCL7 in type 1 and type 2 diabetes mellitus (DM)
	Type 1 DM
	Type 2 DM

	The potential role of CCL7 in kidney disease
	End-stage renal disease, nephritis, nephrolithiasis, and acute kidney injury
	Diabetic kidney disease (DKD)

	Conclusion
	Acknowledgements
	References




