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ABSTRACT

Neuropathic pain is a debilitating symptom
in leprosy patients that significantly impacts
their quality of life. While the mechanisms
underlying this pain remain unclear, recent
research suggests a potential role for C-C
motif chemokine ligand 2 (CCL-2), a
chemokine involved in inflammatory
processes. This literature review explores
the association between CCL-2 levels and
neuropathic pain in leprosy patients. We
discuss the current understanding of CCL-
2's role in nerve damage and inflammation,
as well as its potential as a biomarker for
predicting and monitoring neuropathic pain
in leprosy. Understanding the role of CCL-2
in leprosy-associated neuropathic pain may
lead to the development of novel therapeutic
strategies and improve the management of
this chronic condition.
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INTRODUCTION

Neuropathic pain is a complex and chronic
pain state that arises from injury or disease
affecting the somatosensory system. It is
characterized by symptoms such as
allodynia (pain from stimuli that do not
normally provoke pain) and hyperalgesia
(an increased response to painful stimuli).
This type of pain is notoriously difficult to
treat, often requiring a multifaceted
approach that includes pharmacological and

non-pharmacological interventions?. Among
the various mediators involved in the
pathophysiology of neuropathic pain,
chemokines, particularly the C-C motif
chemokine ligand 2 (CCL-2), also known as
monocyte chemoattractant protein-1 (MCP-
1), have garnered significant attention due
to their role in neuroinflammation and pain
modulation®*,

CCL-2 is a member of the CCL family of
chemokines that primarily functions to
recruit monocytes and other immune cells to
sites of inflammation. It is produced by
various cell types, including neurons,
astrocytes, and microglia, in response to
inflammatory stimuli®. In the context of
neuropathic  pain, CCL-2 has been
implicated in the activation of glial cells and
the subsequent release of pro-inflammatory
cytokines, which can exacerbate pain
signaling pathways®. The interaction of
CCL-2 with its receptor, CCR2, has been
shown to contribute to the development and
maintenance of neuropathic pain states,
highlighting its potential as a therapeutic

target’.
Leprosy, caused by the bacterium
Mycobacterium leprae, is a chronic

infectious disease that primarily affects the
skin and peripheral nerves. One of the most
debilitating consequences of leprosy is the
development of neuropathic pain, which can
occur even after successful treatment with
multidrug therapy (MDT)*®. Neuropathic
pain in leprosy is often attributed to the
immune-mediated damage to peripheral
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nerves, leading to sensory disturbances and
chronic pain syndrome®°. Studies have
shown that a significant proportion of
leprosy patients experience neuropathic
pain, which can persist long after the
infection has been treated, indicating a
complex interplay between the disease,
immune response, and pain mechanisms!!?,
The pathophysiology of neuropathic pain in
leprosy is complex and involves the
activation of glial cells, particularly
microglia in the spinal cord. These cells
respond to injury and inflammation by
releasing pro-inflammatory cytokines and
chemokines, which can sensitize neurons
and contribute to the development of pain®.
CCL-2 is particularly important in this
context, as it not only attracts monocytes to
the site of injury but also promotes the
activation of microglia, creating a feedback
loop that perpetuates inflammation and
paint. The role of CCL-2 in leprosy-related
neuropathic pain is particularly noteworthy.
In leprosy, the presence of CCL-2 has been
linked to the severity of neuropathic pain
experienced by patients. Elevated levels of
CCL-2 in the serum and cerebrospinal fluid
have been observed in individuals with
leprosy-associated neuropathy, suggesting
that this chemokine may serve as a
biomarker for pain severity and a potential
therapeutic  target'®.  Furthermore, the
activation of CCL-2 signaling pathways in
the dorsal root ganglia and spinal cord has
been linked to the onset of neuropathic pain
following nerve injury, underscoring the
potential for CCL-2 to mediate pain in
leprosy**.

The modulation of CCL-2 signaling
pathways has been proposed as a strategy to
alleviate neuropathic pain by reducing the
recruitment of inflammatory cells and the
subsequent activation of pain pathways®.
Understanding the mechanisms by which
CCL-2 contributes to neuropathic pain in
leprosy could pave the way for novel
therapeutic strategies aimed at alleviating
pain and improving the quality of life for
affected individuals.

LITERATURE REVIEW

LEPROSY

Leprosy, also known as Hansen's disease, is
a chronic infectious disease caused by the
bacterium Mycobacterium leprae. This
disease primarily affects the skin, peripheral
nerves, and mucous membranes, leading to
significant morbidity and disability if left
untreated. Globally, leprosy remains a
public health concern, particularly in
developing countries, and Indonesia ranks
third in the world for the highest number of
leprosy cases, following India and Brazil. In
2019, Indonesia reported 17,439 new cases
of leprosy, highlighting the ongoing
challenge of managing this disease within
its borders'®. The epidemiology of leprosy in
Indonesia is characterized by a high
prevalence in certain regions, particularly in
East Java and Papua. The disease is often
associated with socio-economic factors,
including poverty, limited access to
healthcare, and inadequate public health
education. These factors contribute to the
persistence of leprosy in endemic areas,
where the stigma surrounding the disease
further complicates efforts for early
diagnosis and treatment!®'’. The World
Health Organization (WHO) has
implemented various strategies to combat
leprosy, including the introduction of multi-
drug therapy (MDT), which has proven
effective in curing the disease. However, the
challenge remains in preventing
transmission and addressing the social
stigma associated with leprosy 8,

In Indonesia, the burden of leprosy is not
only medical but also social, as individuals
affected by the disease often face
discrimination and marginalization. This
stigma can lead to delayed diagnosis and
treatment, exacerbating the physical and
psychological impacts of the disease.
Studies have shown that many leprosy
patients experience significant social
isolation and mental health issues due to
societal perceptions of leprosy'®. Efforts to
control leprosy in Indonesia have included
community-based interventions aimed at
increasing awareness and understanding of
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the disease. Programs such as the Leprosy
Post Exposure Prophylaxis (LPEP) have
been implemented to provide preventive
treatment to individuals who have been in
close contact with leprosy patient?%2

The clinical manifestations of leprosy can
vary widely, with some patients presenting
with atypical symptoms that complicate
diagnosis. This variability underscores the
importance ~ of  training healthcare
professionals to recognize the diverse
presentations of leprosy and to ensure
timely intervention'®>.  Moreover, the
integration of leprosy services into general
healthcare  systems is essential for
improving case detection and reducing the
stigma associated with the disease®.

C-C MOTIF CHEMOKINE LIGAND 2
(CCL2)

CCL-2 is primarily produced by various cell
types, including monocytes, macrophages,
and fibroblasts, in response to inflammatory
stimuli. Its primary function is to attract
monocytes to areas of tissue damage,
thereby facilitating the inflammatory
response necessary for tissue repair and
homeostasis?2. The significance of CCL-2
extends beyond mere chemotaxis; it is also
involved in various pathological conditions,
including cardiovascular diseases,
neurodegenerative disorders, and cancer.
The expression of CCL-2 s tightly
regulated by several pro-inflammatory
cytokines, such as interleukin-1p (IL-1p),
IL-6, and tumor necrosis factor-alpha (TNF-
a)?. This regulation cannot fully explain the
complexity of the inflammatory response,
where CCL-2 acts as a mediator that not
only facilitates the migration of immune
cells but also amplifies the inflammatory
cascade. CCL-2 operates primarily at the
sites of inflammation, where it orchestrates
the migration of immune cells to combat
pathogens and facilitate tissue repair. In the
context of sepsis, CCL-2 has been shown to
play a critical role in the pathogenesis of
acute kidney injury by modulating the
inflammatory  response  through  the
regulation of microRNAsZ,

The binding of CCL-2 to its receptor,
CCR2, is essential for the recruitment of
monocytes and macrophages to inflamed
tissues, thereby perpetuating the
inflammatory process®®.In addition to its
role in inflammation, CCL-2 has been
implicated in various diseases, including
cancer. The involvement of CCL-2 in
cancer highlights its dual role as both a
mediator of inflammation and a facilitator of
tumorigenesis. The dysregulation of CCL-2
has been associated with neurodegenerative
diseases, where it may contribute to
neuroinflammation and neuronal damage®.
Furthermore, CCL-2 levels can serve as
prognostic indicators in various conditions,
including traumatic brain injury, where
sustained elevated levels in cerebrospinal
fluid correlate with neuroinflammation and
recovery outcomes?,

The expression levels of CCL-2 are known
to fluctuate significantly in response to
various physiological and pathological
stimuli, including infections, tissue injury,
and chronic inflammatory diseases. This
fluctuation is influenced by factors such as
oxidative stress, cytokines, and growth
factors, which can induce CCL-2 expression
in  various cell types, including
macrophages, endothelial cells, and
fibroblasts?’. The regulation of CCL-2
expression is complex and can be influenced
by various factors, including age, sex, and
underlying health conditions. Studies have
shown that CCL-2 levels decrease with age,
which may impact the immune response in
older adults?®. Additionally, the presence of
certain genetic polymorphisms can affect
CCL-2 expression and its association with
diseases such as latent tuberculosis
infection?®. This highlights the importance
of understanding the genetic and
environmental factors that contribute to the
regulation of CCL-2 levels and their
implications for health and disease.

PATHOMECHANISM OF
NEUROPATHIC PAIN IN LEPROSY

In leprosy, neuropathic pain can manifest
due to peripheral nerve damage, which is a
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hallmark of the disease. The mechanisms
underlying neuropathic pain in leprosy
involve a combination of inflammatory
processes, neurogenic inflammation, and
alterations in pain signaling pathways, with
chemokines such as CCL-2 playing a
significant role in these processes. Leprosy
primarily affects peripheral nerves, leading
to a range of neurological symptoms,
including sensory loss and neuropathic pain.
The pathophysiology of neuropathic pain in
leprosy is characterized by the degeneration
of nerve fibers, which can result from direct
bacterial invasion or immune-mediated
damage. This damage triggers a cascade of
inflammatory responses, leading to the

release of various pro-inflammatory
mediators, including  cytokines  and
chemokines, which  further  sensitize

nociceptive pathways. CCL-2 is one of the
key chemokines involved in this
inflammatory response. It is produced by
various cell types, including macrophages,
endothelial cells, and neurons, and plays a
role in recruiting monocytes to sites of
inflammation, thereby amplifying the
inflammatory response?2%3,

The role of CCL-2 in neuropathic pain is
particularly significant due to its ability to
modulate neuronal excitability and promote
central sensitization. Central sensitization
refers to the increased responsiveness of
nociceptive neurons in the central nervous
system to their normal input, which can lead
to heightened pain perception. Studies have
shown that CCL-2 can enhance the
excitability of dorsal horn neurons in the
spinal cord, contributing to the development
and maintenance of neuropathic pain?®¥,
This sensitization is mediated through the
activation of CCL-2 receptors, primarily
CCR-2, which are expressed on various
neuronal and glial cells in the spinal
cord®31,

In leprosy, the presence of CCL-2 in the
cerebrospinal fluid and peripheral tissues
has been associated with the severity of
neuropathic pain. Elevated levels of CCL-2
correlate  with  increased  monocyte
infiltration and the subsequent release of

additional inflammatory mediators, creating
a feedback loop that perpetuates pain
signaling 23°, The inflammatory milieu in
leprosy not only affects peripheral nerves
but also alters central pain processing
pathways, leading to chronic pain states that
can be resistant to conventional analgesics.
Moreover, the interaction between CCL-2
and other inflammatory mediators further
complicates the pain response in leprosy.
For instance, CCL-2 can activate the p38
mitogen-activated protein kinase (MAPK)
pathway in microglia, leading to the
production of pro-inflammatory cytokines
such as IL-1p and TNF-a can exacerbate the
inflammatory response, leading to increased
pain sensitivity?®3!, CCL-2 also has been
implicated in the upregulation of matrix
metalloproteinases (MMPs), which are
enzymes that degrade extracellular matrix
components and can facilitate neuronal
injury and pain sensitization 2%,

In addition to its role in pain signaling,
CCL-2 is also implicated in the repair
processes following nerve injury. While this
may seem contradictory, the recruitment of
monocytes and macrophages to the site of
injury is essential for tissue repair and
regeneration. However, in the context of
leprosy, the persistent activation of CCL-2
signaling can lead to chronic inflammation
and neuropathic pain rather than effective
healing 23?%%. This dual role of CCL-2
underscores the complexity of inflammatory
responses in neuropathic pain conditions.
CCL2 also influences neuronal excitability
and synaptic plasticity, which are critical for
the development of chronic pain states.
Inhibiting CCL-2 or blocking its receptor
CCR-2 has shown promise in preclinical
models of neuropathic pain, suggesting that
such strategies could be beneficial in
alleviating pain in leprosy patients 33,
Additionally, the use of anti-inflammatory
agents that can reduce the levels of CCL-2
and other inflammatory mediators may
provide a dual benefit by addressing both
the pain and the underlying inflammation.

International Journal of Research and Review (ijrrjournal.com) 623
Volume 11; Issue: 11; November 2024



Hermawan Hanjaya et.al. CCL-2 as a potential biomarker for neuropathic pain in leprosy: a literature review

RELIABILITY AND CHALLENGES
OF CCL-2 AS A BIOMARKER

CCL-2 has emerged as a reliable biomarker
for neuropathic pain due to its significant
role in the inflammatory processes
associated with nerve injury and pain
modulation. The association of CCL-2 with
neuropathic pain is further supported by
studies demonstrating its elevated levels in
various pain models. For instance, research
has shown that CCL-2 levels increase
significantly following peripheral nerve
injury, correlating with the development of
hyperalgesia and allodynia, which are
hallmark features of neuropathic pain®33.
CCL-2 levels have been shown to correlate
with pain severity and functional outcomes
in spinal cord injury and diabetnic
neuropathy.The reliability of CCL-2 as a
biomarker for neuropathic pain is also
supported by its predictive value in clinical
settings. Elevated serum levels of CCL-2
have been associated with poor prognosis in
patients suffering from various neuropathic
pain conditions, suggesting its potential
utility in monitoring disease progression and
treatment response®*2°. The understanding
of CCL-2's role in neuropathic pain is
further elucidated by its interactions with
other signaling pathways. For instance,
CCL-2 has been shown to interact with the
P2X4 receptor on microglia, which is
essential for the development of neuropathic
pain following nerve injury®. This highlights
the multifaceted nature of CCL-2's
involvement in  pain  mechanisms,
reinforcing its status as a reliable biomarker
for neuropathic pain.

CCL-2 presents as a promising biomarker
for neuropathic pain, however, there are
notable challenges associated with its use.
One major concern is the lack of specificity;
elevated CCL-2 levels can also be observed
in other inflammatory conditions, which
may lead to misinterpretation of its role in
neuropathic  pain®2.  Additionally, the
dynamic nature of CCL-2 expression in
response to various stimuli complicates its
utility as a reliable biomarker. For instance,
fluctuations in CCL-2 levels may occur due

to factors unrelated to neuropathic pain,
such as concurrent infections or other
inflammatory diseases®2. Another significant
limitation is the variability in individual
responses to CCL-2 modulation. Genetic
and environmental factors can influence the
expression and activity of CCL-2, leading to
heterogeneous responses among patients®?,
This variability can complicate the
interpretation of CCL-2 levels as a
biomarker for neuropathic pain, as different
individuals may exhibit different pain
profiles despite similar CCL-2 levels.
Therefore, CCL-2 can be used as a reliable
neuropathic pain biomarker if we can elude
the pittfalls for patient selections.

THERAPEUTIC STRATEGIES
TARGETING CCL-2

Recent therapeutic strategies targeting CCL-
2 have shown promise in preclinical studies.
For example, the use of CCL-2 antagonists
or neutralizing antibodies has been
demonstrated to reduce pain behaviors in
animal models of neuropathic pain®. These
approaches aim to disrupt the recruitment of
inflammatory cells to the site of nerve
injury, thereby mitigating the inflammatory
response and its  associated  pain.
Furthermore, the modulation of CCL-2
signaling pathways may enhance the
efficacy of existing pain management
strategies, such as opioids and non-steroidal
anti-inflammatory drugs (NSAIDs), by
addressing the underlying inflammatory
processes®’. In addition to pharmacological
interventions, non-pharmacological
approaches such as physical therapy and
exercise have been shown to influence
CCL-2 levels and microglial activation.
Exercise can reduce the expression of CCL-
2 and other inflammatory markers, thereby
contributing to pain relief in neuropathic
pain models®. Despite the promising
findings regarding CCL-2 in neuropathic
pain, several challenges remain. The
complexity of the signaling pathways
involved and the potential for off-target
effects of CCL-2 inhibitors necessitate
further investigation. Additionally, the
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translation of preclinical findings to clinical
practice requires rigorous clinical trials to
establish the safety and efficacy of CCL-2-
targeted therapies®®.

CONCLUSION

CCL-2 serves as a reliable biomarker for
neuropathic pain in Leprosy due to its
significant role in the inflammatory
response, and its involvement in
neuroplastic  changes associated  with
chronic pain. However, there are some
challenges and major concerns to be taken
into consideration to translate the use of
CCL-2 in clinical settings. CCL-2 also has
its potential as a target for therapeutic
intervention and a valuable tool for
monitoring pain progression in clinical
settings.

Declaration by Authors

Ethical Approval: Not Applicable
Acknowledgement: None

Source of Funding: None

Conflict of Interest: The authors declare no
conflict of interest.

REFERENCES

1. Espinosa-Juarez J., Jaramillo-Morales O., &
Lopez-Mutioz F.. Haloperidol decreases
hyperalgesia and allodynia induced by
chronic constriction injury. Basic & Clinical
Pharmacology & Toxicology
2017;121(6):471-479.
https://doi.org/10.1111/bcpt.12839

2. Ciechanowska A., Pawlik K., Ciapata K., &
Mika J.. Pharmacological modulation of the
mip-1 family and their receptors reduces
neuropathic pain symptoms and influences
morphine analgesia: evidence from a mouse
model. Brain Sciences 2023;13(4):579.
https://doi.org/10.3390/brainsci13040579

3. Maruta T., Nemoto T., Hidaka K., Koshida
T., Shirasaka T., Yanagita T.et al.
Upregulation of erk phosphorylation in rat
dorsal root ganglion neurons contributes to
oxaliplatin-induced chronic  neuropathic
pain. Plos One 2019;14(11):e0225586.
https://doi.org/10.1371/journal.pone.022558
6

4. Pitta ., Hacker M., Vital R., Andrade L.,
Spitz C., Sales A.et al.. Leprosy reactions

10.

11.

12.

and neuropathic pain in pure neural leprosy
in a reference center in rio de janeiro —
brazil. Frontiers in Medicine 2022;9.
https://doi.org/10.3389/fmed.2022.865485
Boroujerdi A., Zeng J., Sharp K., Kim D.,
Steward O., & Luo Z.. Calcium channel
alpha-2-delta-1 protein upregulation in
dorsal spinal cord mediates spinal cord
injury-induced neuropathic pain states. Pain
2011;152(3):649-655.
https://doi.org/10.1016/j.pain.2010.12.014
Santos A., Silva P., Costa L., Steinmann P.,
& Ignotti E.. Perception of cure among
leprosy patients post completion of multi-
drug therapy. BMC Infectious Diseases
2021;21(1). https://doi.org/10.1186/s12879-
021-06587-6

Tetsunaga T., Tetsunaga T., Nishida K.,
Misawa H., Takigawa T., Yamane K.et al..
Short-term outcomes of mirogabalin in
patients with peripheral neuropathic pain: a
retrospective study. 2020.
https://doi.org/10.21203/rs.2.22707/v2
Raicher I., Stump P., Harnik S., Oliveira R.,
Baccarelli R., Marciano L.et al.
Neuropathic pain in leprosy: symptom
profile characterization and comparison
with neuropathic pain of other etiologies.
Pain Reports 2018;3(2):e638.
https://doi.org/10.1097/pr9.0000000000000
638

Akimoto N., Honda K., Uta D., Beppu K.,
Ushijima Y., Matsuzaki Y.et al.. Ccl-1 in
the spinal cord contributes to neuropathic
pain induced by nerve injury. Cell Death
and Disease 2013;4(6):679-e679.
https://doi.org/10.1038/cddis.2013.198
Salgado C., Pinto P., Bouth R., Gobbo A.,
Messias A., Vinasco-Sandoval T.et al.
Mirnome expression analysis reveals new
players on leprosy immune
physiopathology. Frontiers in Immunology
2018;9.
https://doi.org/10.3389/fimmu.2018.00463
Feitosa M., Santos G., Cerqueira S,
Rodrigues G., Mota L., & Gomes C.. Can
leprosy reaction states mimic symptoms of
fibromyalgia? a cross-sectional analytical
study. Frontiers in Medicine 2022;9.
https://doi.org/10.3389/fmed.2022.870584

Saika F., Kiguchi N., Kobayashi Y.,
Fukazawa Y., & Kishioka S. cc-chemokine
ligand 4/macrophage inflammatory

protein-1B participates in the induction of
neuropathic pain after peripheral nerve

International Journal of Research and Review (ijrrjournal.com)

625

Volume 11; Issue: 11; November 2024



Hermawan Hanjaya et.al. CCL-2 as a potential biomarker for neuropathic pain in leprosy: a literature review

13.

14.

15.

16.

17.

18.

19.

20.

injury.  European Journal of Pain
2012;16(9):1271-1280.
https://doi.org/10.1002/j.1532-
2149.2012.00146.x

Lin F., Zheng H., Sun S., Jin T., Zhang M.,
Zhang Y.et al.. Transcription factor ets
proto-oncogene 1 contributes to neuropathic
pain by regulating histone deacetylase 1 in
primary afferent neurons. Molecular Pain
2023;19.
https://doi.org/10.1177/1744806923115212
5

Cho S., Kang M., Homer R., Kang H.,
Zhang X., Lee P.et al.. Role of early growth
response-1 (egr-1) in interleukin-13-induced
inflammation and remodeling. Journal of
Biological Chemistry 2006;281(12):8161-
8168.
https://doi.org/10.1074/jbc.m506770200
Lubis R., Darmi M., Prakoeswa C., Agusni
R., Kusumaputra B., Alinda M.t al..
Leprosy epidemiology according to leprosy
type in 13 teaching hospitals in indonesia
between 2018 and 2020. Open Access
Macedonian Journal of Medical Sciences
2022;10(E):1812-1817.
https://doi.org/10.3889/0amjms.2022.10816
Dharmawan Y. Measuring leprosy case
detection delay and associated factors in
indonesia: a community-based study. BMC
Infectious Diseases 2023;23(1).
https://doi.org/10.1186/s12879-023-08552-X
Samosir P.. Prevalence and risk factors for
disability in leprosy patients in indonesia

during the post-elimination era.
Dermatology Reports 2023.
https://doi.org/10.4081/dr.2023.9777

Prakoeswa C., Lubis R., Anum Q.

Argentina F., Menaldi S., Gunawan H.et al..
Epidemiology of leprosy in indonesia: a
retrospective study. Berkala IImu Kesehatan
Kulit Dan Kelamin 2022;34(1):29-35.
https://doi.org/10.20473/bikk.v34.1.2022.29
-35

Marpaung Y., Ernawati E., & Dwivania N..
Stigma towards leprosy across seven life
domains in indonesia: a qualitative
systematic review. BMJ Open
2022;12(11):e062372.
https://doi.org/10.1136/bmjopen-2022-
062372

Mieras L., Singhb M., Manglanic P., Arifc
M., Banstolad N., Pandeye B.et al.. A single
dose of rifampicin to prevent leprosy;
guantitative  analysis of impact on

21.

22.

23.

24.

25.

26.

217.

28.

perception, attitudes and behaviour of
persons affected, contacts and community
members towards leprosy in india, nepal
and indonesia. Leprosy Review
2020;91(4):314-327.
https://doi.org/10.47276/1r.91.4.314
Nugraheni R.. Integrative health promotion
model in leprosy prevention and control
programs to improve quality of life for
leprosy survivors. Siriraj Medical Journal
2023;75(9):665-673.
https://doi.org/10.33192/smj.v75i9.263011
Wu M., Baron M., Pedroza C., Salazar G.,
Jin Y. Charles Jet al. Ccl2 in the
circulation predicts long-term progression of
interstitial lung disease in patients with early
systemic  sclerosis: data from two
independent cohorts. Acrthritis &
Rheumatology 2017;69(9):1871-1878.
https://doi.org/10.1002/art.40171

Zheng G., QuH., Li F.,, MaW., & Yang H..
Propofol attenuates sepsis-induced acute
kidney injury by regulating mir-290-5p/ccl-
2 signaling pathway. Brazilian Journal of

Medical and Biological Research
2018;51(11). https://doi.org/10.1590/1414-
431x20187655

Bronisz E., Cudna A., Wierzbicka A., &
Kurkowska-Jastrzebska I.. Serum proteins
associated with blood-brain barrier as
potential biomarkers for seizure prediction.
International Journal of Molecular Sciences
2022;23(23):14712.
https://doi.org/10.3390/ijms232314712
Aarsland D., Young A., Engedal K.,
O’Brien J., Selbxk G., Idland A.et al.. The
role of plasma inflammatory markers in
late-life  depression and conversion to
dementia: a 3-year follow-up study. 2023.
https://doi.org/10.21203/rs.3.rs-2924784/v1
Yip P.. Elevated cerebrospinal fluid
galectin-3 and associated cytokines after
severe traumatic brain injury in patients.
Medicine 2024;103(31):€38620.
https://doi.org/10.1097/md.0000000000038
620

Hussain R., Ansari A., Talat N., Hasan Z.,
& Dawood G.. Ccl2/mcp-i genotype-
phenotype relationship in latent tuberculosis
infection. Plos One 2011;6(10):e25803.
https://doi.org/10.1371/journal.pone.002580
3

Tran P., Purohit S., Kim E., Satter K.,
Hopkins D., Waugh K.et al.. The 3p21.31
genetic locus promotes progression to type 1

International Journal of Research and Review (ijrrjournal.com)

626

Volume 11; Issue: 11; November 2024


https://doi.org/10.1074/jbc.m506770200
https://doi.org/10.3889/oamjms.2022.10816
https://doi.org/10.1186/s12879-023-08552-x
https://doi.org/10.4081/dr.2023.9777
https://doi.org/10.20473/bikk.v34.1.2022.29-35
https://doi.org/10.20473/bikk.v34.1.2022.29-35
https://doi.org/10.1136/bmjopen-2022-062372
https://doi.org/10.1136/bmjopen-2022-062372
https://doi.org/10.47276/lr.91.4.314
https://doi.org/10.33192/smj.v75i9.263011
https://doi.org/10.1002/art.40171
https://doi.org/10.1590/1414-431x20187655
https://doi.org/10.1590/1414-431x20187655
https://doi.org/10.3390/ijms232314712
https://doi.org/10.21203/rs.3.rs-2924784/v1
https://doi.org/10.1097/md.0000000000038620
https://doi.org/10.1097/md.0000000000038620
https://doi.org/10.1371/journal.pone.0025803
https://doi.org/10.1371/journal.pone.0025803

Hermawan Hanjaya et.al. CCL-2 as a potential biomarker for neuropathic pain in leprosy: a literature review

29.

30.

31.

32.

33.

34.

35.

diabetes through the ccr2/ccl2 pathway.
Journal of Translational Autoimmunity
2021;4:100127.
https://doi.org/10.1016/j.jtaut0.2021.100127
Habiyaremye G., Morales D., Morgan C.,
McAllister J., CreveCoeur T., Han R.et al..
Chemokine and cytokine levels in the
lumbar cerebrospinal fluid of preterm
infants with post-hemorrhagic
hydrocephalus. Fluids and Barriers of the
CNS 2017;14(2).
https://doi.org/10.1186/s12987-017-0083-0
Wang C.. Mir-155 promotes acute organ
injury in Ips-induced endotoxemic mice by
enhancing ccl-2 expression in macrophages.
Shock 2023.
https://doi.org/10.1097/shk.0000000000002
236

Novita B., Tjahjono Y., Wijaya S,
Theodora 1., Erwin F., Halim S.et al.
Characterization of chemokine and cytokine

expression pattern in  tuberculous
lymphadenitis ~ patient. ~ Frontiers  in
Immunology 2022;13.

https://doi.org/10.3389/fimmu.2022.983269
Hung A., Lim M., & Doshi T.. Targeting
cytokines for treatment of neuropathic pain.
Scandinavian Journal of Pain
2017;17(1):287-293.
https://doi.org/10.1016/j.sjpain.2017.08.002
Fang W. and Zheng Q.. Ccl-2 as a potential
marker for remission after traumatic spinal
cord injury in  chinese  patients.
biomedicalresearch 2019;30(5).
https://doi.org/10.35841/biomedicalresearch
30-17-2427

Rojas R., Huang X., & Ou K.. A machine
learning approach for the identification of a
biomarker of human pain using fnirs.
Scientific Reports 2019;9(1).
https://doi.org/10.1038/s41598-019-42098-
w

Al-Hakeim H., Almulla A., & Maes M.. The
neuro-immune fingerprint of major neuro-

36.

37.

38.

39.

cognitive psychosis or deficit schizophrenia
supervised machine learning study. 2019.
https://doi.org/10.20944/preprints201905.02
85.vl1

Diaz A., Polo S., Gallardo N., Leanez S., &
Pol O.. Analgesic and antidepressant effects
of oltipraz on neuropathic pain in mice by
modulating microglial activation. Journal of
Clinical Medicine 2019;8(6):890.
https://doi.org/10.3390/jcm8060890

Yang F., Chen J., Han Y., Peng L., Hu X,
& Guo Q.. Microrna-7a ameliorates
neuropathic pain in a rat model of spinal
nerve ligation via the neurofilament light
polypeptide-dependent  signal transducer
and activator of transcription signaling
pathway.  Molecular  Pain  2019;15.
https://doi.org/10.1177/1744806919842464
Li J., Tian M., Tong H., Wang H., Yang M.,
Li W.et al.. Combination of autophagy and
nfe2l2/nrf2  activation as a treatment
approach for neuropathic pain. Autophagy
2021;17(12):4062-4082.
https://doi.org/10.1080/15548627.2021.190
0498

Souza A., Castro C., Rigo F., Oliveira S.,
Gomez R., Diniz D.et al.. An evaluation of
the antinociceptive effects of phalf, a
neurotoxin from the spider phoneutria
nigriventer, and w-conotoxin mviia, a cone
snail conus magus toxin, in rat model of
inflammatory and neuropathic pain. Cellular
and Molecular Neurobiology
2012;33(1):59-67.
https://doi.org/10.1007/s10571-012-9871-x

How to cite this article: Hermawan Hanjaya, |
Putu Eka Widyadharma, Ketut Widyastuti.
CCL-2 as a potential biomarker for neuropathic
pain in leprosy: a literature review. International
Journal of Research and Review. 2024; 11(11):
620-627. DOI: 10.52403/ijrr.20241164

*kkkhkik

International Journal of Research and Review (ijrrjournal.com)

627

Volume 11; Issue: 11; November 2024


https://doi.org/10.1016/j.jtauto.2021.100127
https://doi.org/10.1186/s12987-017-0083-0
https://doi.org/10.1097/shk.0000000000002236
https://doi.org/10.1097/shk.0000000000002236
https://doi.org/10.3389/fimmu.2022.983269
https://doi.org/10.1016/j.sjpain.2017.08.002
https://doi.org/10.1080/15548627.2021.1900498
https://doi.org/10.1080/15548627.2021.1900498
https://doi.org/10.1007/s10571-012-9871-x

