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Abstract. Acyl‑coenzyme A thioesterases (ACOTs) are crucial 
in mediating lipid metabolic functions, including energy 
expenditure, hepatic gluconeogenesis and neuronal function. 
The two distinct types are type I and II ACOTs, the latter of 
which are ‘hotdog’ fold superfamily members. Type II ACOTs 
include carboxyl‑terminal modulator protein 1 (CTMP1), also 
termed thioesterase superfamily member 4 (THEM4), and 
CTMP2, also termed THEM5. Due to their similar structural 
features and distinct sequence homology, CTMP1 and CTMP2 
stand out from other type II ACOTs. CTMP1 was initially 
known as a protein kinase B (PKB) inhibitor that attenuates 
PKB phosphorylation. PKB is the central regulator of various 
cellular functions, including survival, proliferation, growth 
and metabolism. Therefore, by inhibiting PKB, CTMP1 can 
affect various cellular processes. Various other functions of 
CTMP1 have been revealed, including functions in cancer, 
brain injury, mitochondrial function and lipid metabolism. 
CTMP2 is a paralog of CTMP1 and was first identified as a 
cardiolipin remodeling factor involved in the development 
of fatty liver. As the functions of CTMP1 and CTMP2 were 

discovered separately, a review to summarize and connect 
these findings is essential. The current review delineates the 
intricate complexity of CTMP regulation across different 
metabolic pathways and encapsulates the principal discoveries 
concerning CTMP until the present day.
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1. Introduction

Carboxyl‑terminal modulator protein 1 (CTMP1), also 
known as thioesterase superfamily member 4 (THEM4), 
was initially identified through yeast two‑hybrid analysis as 
a protein kinase Bα (PKBα)‑binding protein that inhibits the 
phosphorylation of PKBα. CTMP1 reverts the phenotype of 
viral‑PKB‑transformed cells  (1). It is a crucial component 
of the PKB signaling pathway, which is involved in a wide 
range of biological processes including insulin signaling, 
cell survival, growth and metabolism (2‑4). CTMP1, a mito‑
chondrial protein, is synthesized in the nucleus and then 
translocates to the mitochondria. There, it undergoes matura‑
tion through cleavage of its mitochondrial localization signal 
at the N‑terminus by mitochondrial peptidases. In addition, 
CTMP1 can be phosphorylated at Ser37/Ser38 (5,6). CTMP1 
has been linked to several important health‑related condi‑
tions, including cancer (7‑17), drug resistance (18,19), brain 
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injury (20‑26), diabetic metabolism (27‑29) and fibrosis‑related 
diseases (29,30). CTMP2, also termed THEM5, is a CTMP1 
paralog and a component of the mitochondrial proteome. 
CTMP2 has a vital role in cardiolipin remodeling and the 
development of fatty liver disease. CTMP1 and CTMP2 are 
located next to each other in human chromosome 1q21.3 and 
have six exons in mouse chromosome 3 (Fig. 1). Although 
CTMP1 is found in lower eukaryotes, including yeast, CTMP2 
is only present in mammals (31). The functions of CTMP2 
have not been fully revealed and fewer studies have focused 
on CTMP2 than on CTMP1. Thus, the findings of both are 
controversial and diverse.

The present review provides an overview of CTMP1 and 
CTMP2 regulation and discusses how CTMP1 and/or CTMP2 
are involved in PKB signaling, mitochondrial function and 
vital conditions and processes including cancer, brain injury, 
mitochondrial function and lipid metabolism. The summaries 
provide additional insight, offer promising avenues for research 
on CTMP‑related subjects and underscore key findings.

2. Classification and structural analysis of CTMP

Thioesterases are widely distributed enzymes that can be 
found in bacteria, archaea and eukaryotes. They catalyze the 
cleavage of thioester bonds in a variety of substrates, including 
activated fatty acyl‑coenzyme A (CoA) substrates, acyl carrier 
proteins and glutathione  (32). Substrates bonded to CoA 
are involved in various biosynthetic pathways, such as the 
synthesis of fatty acids and cholesterol, as well as in catabolic 
processes, such as fatty acid oxidation and the tricarboxylic 
acid cycle. Acyl‑CoA thioesterases (ACOTs) have a vital role in 
regulating lipid metabolic functions, including energy expen‑
diture, hepatic gluconeogenesis and neuronal function (33). 
These enzymes are located within various cellular compart‑
ments, including peroxisomes, mitochondria and the cytosol. 
ACOTs are categorized into two distinct types based on their 
enzymatic activities: Type I and II. Type I ACOTs belong to 
the α/β‑hydrolase protein family, while type II ACOTs are part 
of the ‘hotdog’ fold family (34). Among the six human type 
II gene products, CTMP1 (THEM4) and CTMP2 (THEM5) 
share identical structural features of type II (Fig. 2) but lack 
sequence homology with other members of the hotdog super‑
family. Research on the structure of CTMP1 has focused on its 
carboxyl‑terminal domain, which consists of ~100 amino acids 
that include a hotdog‑fold thioesterase subunit, conferring 
thioesterase activity (35,36). More is known about the func‑
tional attributes of the C‑terminal domain than the N‑terminal 
domain, which remains less explored. X‑ray analysis of human 
CTMP1 revealed its binding with undecan‑2‑one‑CoA, and 
analysis of the N‑terminal domain showed an irregular and 
flexible secondary structure, suggesting its potential role as a 
protein‑binding domain (36). However, there is no evidence 
to suggest that CTMP1 inhibits PKB in the regulation of 
thioesterase activity (35). In their crystal forms, CTMP1 and 
CTMP2 exhibit the classic hotdog‑fold structure and form 
distinct homodimers  (31). However, CTMP1 and CTMP2 
may form higher‑order oligomers in mitochondria in response 
to specific stimuli or environmental conditions. Overall, the 
architecture of CTMP highlights its function as an acyl‑CoA 
thioesterase, whereas its widely acknowledged role as a PKB 

inhibitor is not supported by current research findings. This 
indicates that the interaction between CTMP and PKB may 
depend on the specific subcellular locations or colocalization 
of each.

3. Role of CTMP in PKB signaling pathway

PKB, also known as α serine/threonine‑protein kinase (AKT), 
is a serine/threonine kinase that includes three isoforms and 
belongs to the cyclic adenosine monophosphate (cAMP)‑
dependent protein kinases A, G and C superfamily. These 
isoforms share structural homology within their catalytic 
domains and have similar mechanisms of activation. In 
mammals, three PKB isoforms have been identified: PKBα 
or AKT1 (37), PKBβ or AKT2 (38) and PKBγ or AKT3 (39) 
(Fig. 2). These isoforms are located on chromosomes 14q32, 
19q13 and 1q44, respectively (40). PKBα is phosphorylated 
to regulate a variety of cellular proteins involved in metabo‑
lism, apoptosis and proliferation  (41). Dysregulation of 
PKBα is associated with the pathogenesis of cancer, diabetes 
and multiple ocular diseases (42). PKBα activation occurs 
through site‑specific phosphorylation at Thr308 and Ser473 
on the plasma membrane, facilitated by the binding of its 
pleckstrin homology domain to phosphatidylinositol‑3,4,5‑tri‑
sphosphate  (43). Specifically, phosphorylation of PKBα 
primarily occurs at the activation T‑loop on Thr308 by phos‑
phoinositide‑dependent kinase 1 (PDK1) via PDK1‑directed 
phosphorylation  (44). Another PKBα phosphorylation site 
is Ser473, located in the C‑terminus, a noncatalytic region 
of the enzyme within the hydrophobic motif (45). In 2005, 
research showed that the mammalian target of rapamycin 
(mTOR)/rapamycin‑insensitive companion of mTOR 
complex directly phosphorylates PKB on Ser473 and enables 
phosphorylation of Thr308 by PDK1 (46).

THEM4 and THEM5 were named based on their structures 
and original family association. However, understanding 
why THEM4 is also referred to as CTMP1 requires further 
exploration into the origin of CTMP1. CTMP1 was initially 
identified as a PKBα inhibitor in 2001 (1). During this iden‑
tification, a yeast two‑hybrid assay was conducted using the 
COOH‑terminal regulatory domain of PKBα, which includes 
the hydrophobic motif and residue Ser473, as bait. This led to 
the discovery of a protein comprising 240 amino acids with a 
molecular weight of 27 kDa, termed carboxyl‑terminal modu‑
lator protein 1 (CTMP1). As a result, THEM4 became known 
as CTMP1. The designations CTMP1 and CTMP2 were then 
introduced to differentiate between THEM4 and THEM5 (47).

CTMP1 exerts its inhibitory effect on PKB signaling 
through the carboxyl‑terminal regulatory domain of PKBα at 
the plasma membrane, inhibiting PKBα activity by preventing 
its phosphorylation at Ser473 and, to a lesser extent, at Thr308 
residues (1) (Fig. 2). As PKB is a kinase, a reduction in its 
active form results in decreased activity and subsequent 
phosphorylation of downstream substrates, such as glycogen 
synthase kinase 3β (GSK3β) (1). Colocalization of CTMP1 
and PKBα as an endogenous complex is observed in the 
plasma membrane of serum‑starved cells and within cell 
fractions (48). Conversely, the absence of CTMP1 binding 
may facilitate PKB phosphorylation by allowing access to the 
hydrophobic motif at Ser473.
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No reports to date have disclosed a relationship between 
CTMP2 and PKB. In 2013, however, a doctoral thesis by 
Zhuravleva (47) at the University of Basel demonstrated that in 
CTMP2(‑/‑) mice subjected to an insulin challenge, phosphor‑
ylation of PKB was increased in the liver and adipose tissues 
(both white and brown), while no differences were observed 
in the levels of phosphorylated PKB in muscle, heart or brain 
tissues. In addition to the increase in PKB phosphorylation, 

a decrease in the phosphorylation of AMP‑activated protein 
kinase at residue Thr172 was observed (47).

By contrast, a report in 2007 demonstrated an inverse 
relationship between CTMP1 and PKB, showing that over‑
expression of CTMP1 increased PKB phosphorylation, while 
knockdown of CTMP1 decreased PKB phosphorylation (49). 
In that study, Ono et al (49) conducted experiments on Cos‑1, 
HepG2, HeLa and NIH3T3 cells, yielding comparable results. 

Figure 1. Structure and location of CTMP1 and CTMP2. Both CTMP1 and CTMP2 are located in chromosome 1 (1q21.3) and contain six exons. CTMP1 
protein has 240 amino acids, whereas CTMP2 has 247 amino acids. The similarities in their structure and location may explain the relative functions of 
CTMP1 and CTMP2. CTMP, carboxyl‑terminal modulator protein.

Figure 2. ACOTs family members and PKB isoforms in terms of the correlation between CTMP1 and PKBα. The ACOTs family comprises type I and II 
ACOTs. CTMP1 and CTMP2 are type II ACOTs and share the same ‘HD. CTMP1 inhibits the phosphorylation of PKBα in residue Ser473 and less so in 
residue Thr308 by binding directly to carboxyl terminal ends (1). Others sharing significant sequences such as the HD, EL, BAAT, ACTH and START between 
ACOTs family type I and II are briefly shown. CTMP, carboxyl‑terminal modulator protein; PKB, protein kinase B; ACOT, acyl‑coenzyme A thioesterase; 
ACTH, acyl‑CoA thioester hydrolase domain; BAAT, bile acid‑coenzyme A: amino acid N‑acyltransferase; EL, esterase‑lipase domain; HD, ‘hot dog’ fold 
domain; START, steroidogenic acute regulatory protein‑related lipid transfer domain.

https://www.spandidos-publications.com/10.3892/mmr.2024.13282
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Although they observed an inhibitory effect of CTMP1 
on PKB, consistent with other research, the discrepancies 
between their study and others may be attributed to the use of 
different cell lines or sublines. This suggests that the effect of 
CTMP1 on certain cell lines may be unexpectedly complex. 
Such findings present both advantages and challenges for 
researchers focusing on CTMP1 and CTMP more broadly. 
Thus, given the complexities in the interaction between 
CTMP and PKB activity, all evidence indicates that CTMP 
(particularly CTMP1) has a crucial role in regulating PKB and 
its downstream effects.

4. Impact of CTMP on metabolic syndrome

In a study from 2013 examining transformed lymphocytes from 
190 Caucasian and African‑American individuals, researchers 
aimed to identify functional variants linked to type 2 diabetes 
susceptibility in the chromosome 1q21‑24 region. They found 
that CTMP1 expression in adipocytes was significantly higher 
in individuals with the T allele (P=0.005), correlating with 
glucose homeostasis traits in the MAGIC dataset  (28). In 
addition, in mice fed a high‑fat diet, the CTMP1 protein level 
was higher in white adipose tissue  (27) and bone marrow 
macrophages from mice with diet‑induced obesity  (50). 
Conversely, the leucine zipper/EF‑hand‑containing trans‑
membrane protein 1 (LETM1), known to bind CTMP1 and 
exhibit anti‑cancer effects (51), was downregulated. LETM1 
also negatively affects the role of CTMP1 in PKB activa‑
tion in obese conditions. Specifically, CTMP1 upregulation 
in obesity enhances its inhibitory effect on PKB activation, 
contributing to insulin resistance, a hallmark of obesity. 
Interestingly, the negative impact of LETM1, acting as a 
CTMP1 inhibitor, is diminished; this leads to increased 
CTMP1 expression (27).

CTMP1 levels are lower in mice with diabetic kidney 
disease than in normal mice (29). In the human renal proximal 
tubular epithelial cell line HKC, CTMP1 expression decreases 
in response to high‑glucose stimuli (29). Following a high‑fat 
diet, CTMP1 expression in the hippocampus is increased while 
PKB phosphorylation is decreased (52). In addition, CTMP1 
has been shown to regulate the synthesis of branched‑chain 
fatty acids in lamb liver (53). Furthermore, CTMP1 is posi‑
tively associated with the human serum metabolite 3‑hydroxyl 
decanoate, a hydroxyl‑saturated medium‑chain fatty acid 
anion (54). The effects of CTMP2 in the regulation of phos‑
phorylated PKB inhibition are limited to adipose tissue and 
liver; CTMP2 does not impact the heart, muscle or brain 
in this regard (47). Overall, the influence of CTMP on lipid 
metabolism, diabetic status or high‑glucose conditions varies 
across different organs, primarily through the modulation of 
PKB activity.

5. Regulation of CTMP in apoptosis and mitochondrial 
function

Both membrane‑bound CTMP1 and a free pool of mature 
CTMP1 are present in the inter‑membrane space of mito‑
chondria. Upon apoptosis, CTMP1 is rapidly released from 
the mitochondria into the cytosol. This release is associated 
with increased mitochondrial membrane depolarization 

and enhanced cleavage of caspase‑3 and polyADP‑ribose 
polymerase (PARP), all of which are linked to CTMP1 over‑
expression. Conversely, knockdown of CTMP1 significantly 
reduces caspase‑3 and PARP activation and mitigates loss of 
the mitochondrial membrane potential, as observed in 293 cells 
and HeLa cell lines  (5). In A549 cells, CTMP1 promotes 
apoptosis through inhibition of anti‑apoptotic heat‑shock 
protein 27 (Hsp27)  (55). In HeLa cells, CTMP1 binds to 
Hsp70, inhibiting the Hsp70‑apoptotic protease activating 
factor‑1 complex and thus promoting apoptosis (6). In addi‑
tion, CTMP1 affects mitochondrial morphology by inhibiting 
OPA1 mitochondrial dynamin‑like GTPase (simply known 
as OPA1), which is necessary for mitochondrial fusion (55). 
Furthermore, LETM1, a protein that binds to CTMP1, contrib‑
utes to mitochondrial fragmentation via OPA1 cleavage (56). 
A defect in the N‑terminus of CTMP1 or loss of the full length 
of CTMP1 results in clustering of spherical mitochondria, 
indicating the role of CTMP1 in mitochondrial fission (57).

CTMP2 has also been identified as a mitochondrial 
protein. Bioinformatics analysis has revealed a mitochon‑
drial targeting sequence at the N‑terminal end of the human 
CTMP2 protein and in the CTMP2 orthologs of other species. 
Translocase of outer mitochondrial membrane 20 (TOMM20) 
is a mitochondrial membrane protein. In one study, immu‑
nofluorescence staining of CTMP2 and TOMM20 showed 
overlapping localizations in the cytoplasm of U2OS cells (31). 
Further analyses indicated that CTMP2 localizes within the 
mitochondrial matrix. The absence of CTMP2 results in 
variations in mitochondrial morphology and function (31). 
Therefore, both CTMP1 and CTMP2 are mitochondrial 
proteins that may influence apoptosis and mitochondrial 
functions in various ways.

6. Various functions of CTMP in cancer and drug 
resistance

The expressions of CTMP1 and CTMP2 in cancer may 
vary, being either higher or lower than physiological levels 
depending on the cancer type (Fig.  3A). The relationship 
between CTMP1 and cancer is more established than that 
between CTMP2 and cancer (Fig.  3A). The data were 
analyzed using Gene Expression Profiling Interactive Analysis 
(GEPIA2; http://gepia2.cancer‑pku.cn/#index). Therefore, the 
following sections will summarize the latest research on the 
role of CTMP1 in regulating various types of cancer (Fig. 3B) 
and on the role of CTMP2 specifically in lung cancer.

Colon cancer. In the context of colon cancer, there is a 
notable increase in the level of microRNA (miR)‑183‑5p in 
M2‑polarized tumor‑associated macrophages. The subse‑
quent overexpression of CTMP1 reduces the carcinogenic 
effects mediated by miR‑183‑5p, and this is accompanied by 
inactivation of the PKB and NF‑κB pathways in colon cancer 
cells (Fig. 3B). Therefore, CTMP1 may serve as a target for 
miR‑183‑5p to modulate the progression of colon cancer (17).

Glioma. Similar to other cancers, in glioma, the different 
expression between tumor and normal tissues is a foundational 
finding for a potential biomarker  (58). In glioma, CTMP1 
interacts with enolase‑phosphatase 1, a newly identified 
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Figure 3. CTMP functions in several types of cancer. (A) Different expressions of CTMP1 and CTMP2 compared between normal tissue and cancer tissue. 
CTMP1 expression has been more thoroughly researched than CTMP2. While the expression of CTMP1 in various cancers is revealed, CTMP2 expression 
in cancer is not well‑known. CTMP1 tends to be elevated in most cancers. (B) Mechanism of CTMP1 in the regulation of seven specific cancers (colon 
cancer, glioma, hepatocellular carcinoma, breast cancer, head and neck squamous cell carcinoma, pancreatic adenocarcinoma and lung cancer). CTMP1 can 
promote tumorigenesis through inhibiting or facilitating phosphorylated PKB. CTMP, carboxyl‑terminal modulator protein; TPM, transcripts per million; 
ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and 
endocervical adenocarcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, lymphoid neoplasm diffuse large B‑cell lymphoma; 
ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney 
renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LAML, acute myeloid leukemia; LGG, brain lower grade glioma; LIHC, liver hepa‑
tocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; 
PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; 
SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumors; THCA, thyroid carcinoma; THYM, 
thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma; miR, microRNA.

https://www.spandidos-publications.com/10.3892/mmr.2024.13282
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enzyme involved in L‑methionine biosynthesis. This interac‑
tion, proven through immunoprecipitation and western blot 
analyses, regulates the PI3K/AKT/mTOR signaling pathway 
(Fig.  3B), thereby affecting glioma cell growth and inva‑
sion (59). Furthermore, the level of CTMP1 mRNA was found 
to be decreased in glioblastoma and six glioma cell lines. 
This decrease in mRNA is associated with downregulation 
of CTMP1 transcription and hypermethylation of the CTMP1 
promoter in glioblastoma (11,60,61).

Monochemosensitive choriocarcinoma. Analysis of the 
expression of the 760‑gene panel in the PanCancer Pathway, 
which is related to oncogenesis and immune tolerance in 
tissue samples of complete hydatidiform moles and gesta‑
tional choriocarcinoma, showed that CTMP1 expression was 
higher in monochemoresistant than monochemosensitive 
choriocarcinoma (15).

Hepatocellular carcinoma (HCC). To improve the prognostic 
prediction of HCC, numerous biomarkers have been found (62). 
A total of 365 samples of HCC were taken from The Cancer 
Genome Atlas database and least absolute shrinkage and 
selection operator analysis was conducted to examine HCC 
mRNA expression; CTMP1 was one of nine mRNAs identi‑
fied as a prognostic indicator or risk factor (16). In addition, 
when linking CTMP1 and its LETM1 binding partner and 
overexpressing them, tumorigenesis in a mouse model of 
HCC was reduced and mitochondria‑mediated apoptosis 
was induced through morphological changes and defects of 
mitochondrial function (51). Fenofibrate and activated peroxi‑
some proliferator‑activated receptor α can elevate CTMP1 
expression in liver cancer cells (Huh7 cell line); additionally, 
CTMP1 exerts an inhibitory effect on PKB (63). In HepG2 
cells, CTMP1 acts downstream of licochalcone A, a novel 
chemotherapy drug that induces apoptosis by inhibiting Bcl‑2. 
In addition, licochalcone A promotes the generation of reac‑
tive oxygen species, leading to induction of autophagy, with 
CTMP1 playing a role in this process (64) (Fig. 3B).

Breast cancer and triple‑negative breast cancer (TNBC). 
TNBC accounts for ~15‑20% of all cases of breast cancer (65). 
CTMP1 is upregulated in both specimens and cell lines of 
breast cancer (13) and TNBC (14). CTMP1 is overexpressed 
in breast cancer and knockdown experiments have shown 
that CTMP1 functions as an oncogene. It enhances cell 
proliferation and tumorigenic properties by promoting PKB 
phosphorylation  (13). Furthermore, in TNBC metastasis, 
CTMP1 enhances migration and invasion abilities by elevating 
PKB activity (14) (Fig. 3B).

PKB activation and loss of CTMP1 occur in tamox‑
ifen‑resistant human breast cancer cell lines, indicating that 
CTMP1 acts as an inhibitory factor for PKB (19). CTMP1 
adopts several different roles in regulating PKB phosphory‑
lation due to various genomic aberrations in the tamoxifen 
resistance model.

Head and neck squamous cell carcinoma. CTMP1 exhibits 
higher expression at the protein and mRNA levels in head and 
neck squamous cell carcinoma (both tumor tissue and cell 
lines) than in normal tissues and is associated with lymph node 

metastasis (12). CTMP1 is also associated with PKB/GSK3β 
phosphorylation, increased Snail levels and decreased 
E‑cadherin levels, indicative of epithelial‑to‑mesenchymal 
transition. These findings suggest an oncogenic role of CTMP1 
in head and neck squamous cell carcinoma (12) (Fig. 3B).

Pancreatic adenocarcinoma. PKB‑related genes are rarely 
mutated in pancreatic adenocarcinoma. When PKB activity 
was inhibited with a cell‑permeable peptide targeting the 
predicted N‑terminal region of CTMP1, both human and 
murine pancreatic adenocarcinoma cell lines underwent apop‑
tosis. In addition, these cell lines displayed smaller tumors in 
allograft models (10) (Fig. 3B). In another study, CTMP1 was 
not detectable in pancreatic cancer cell lines compared with a 
three‑dimensional culture system of pancreatic duct epithelial 
cells (66).

Endometrial cancer. CTMP1 and its binding partner LETM1 
show higher protein expression in endometrial cancer tissues 
than in atypical hyperplastic tissues and in atypical hyperplastic 
tissues than in normal tissues. The correlation of CTMP1 and 
LETM1 serves as an oncogenic factor in endometrial cancer 
cells (KLE cell line) (9).

Lung cancer. In mice with lung cancer subjected to a diet 
high in inorganic phosphate, CTMP1 expression was reduced, 
while PKB kinase activity was increased, leading to enhanced 
progression of lung tumors (7). In addition, in a mouse model 
of lung cancer utilizing lentiviral vector‑CTMP1 adminis‑
tered as an aerosol, downregulation of PKB phosphorylation 
resulted in reduced pulmonary tumorigenesis (8) (Fig. 3B). 
Using short‑term interventions (30  min)  (8) or long‑term 
interventions (30 min twice a week for 4 weeks) (67) yielded 
similar results, suggesting that viral delivery of CTMP1 can 
be a practical tool for lung cancer treatment (67). CTMP2 
antisense RNA1 (C2CD4D‑AS1) was found to be predomi‑
nantly upregulated in lung adenocarcinoma tissues and cell 
lines, and this upregulation was induced by ETS translocation 
variant 4. In addition, ablation of C2CD4D‑AS1 suppressed 
cell proliferation, migration, invasion and apoptosis of lung 
adenocarcinoma (68).

In summary, CTMP1 and CTMP2 exhibit different 
functions and expressions in various cancer types through 
dissimilar mechanisms, suggesting the high potential for 
CTMP to serve as a novel component of anti‑cancer therapy.

7. Emerging role of CTMP1 in regulation of fibrosis

CTMP1 protein expression is decreased in the kidneys of 
diabetic mice. In addition, the kidneys of such mice exhibit 
an increase in transforming growth factor β1 (TGFβ1) and 
α‑smooth muscle actin (αSMA) (29), both of which are major 
regulators of extracellular matrix metabolism in various 
tissues (29,69). An increase in the expression of phospho‑PKB 
(Ser473) has also been observed in the kidneys of diabetic 
mice, suggesting that CTMP1 mitigates renal extracellular 
matrix accumulation by modulating phospho‑PKB, TGFβ1 
and αSMA in these mice  (29). In the HKC cell line, high 
glucose levels were found to reduce CTMP1 protein expres‑
sion (29). Conversely, enhancement of CTMP1 expression in 
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mice through tail vein injection of the pYr‑ads‑4‑musCTMP 
vector counteracted the elevations in TGFβ1 and αSMA.

In the heart, CTMP1 serves as a regulator that attenu‑
ates cardiac hypertrophy and fibrosis (30). CTMP1 protein 
expression is lower in human hearts affected by dilated 
cardiomyopathy and hypertrophic cardiomyopathy than in 
normal hearts (30). Increased expression of CTMP1 lessens 
the severity of cardiac hypertrophy and fibrosis induced by 
pressure overload, whereas the absence of CTMP1 exacerbates 
these conditions. This is evidenced by mRNA expression of 
fibrosis markers such as collagen Iα, collagen III and connec‑
tive tissue growth factor, as well as Sirius red staining for 
collagen deposition (30). As expected, Ser473 and downstream 
genes, including mTOR, GSK3β and ribosomal protein S6 
kinase β‑1 (p70S6K), also showed increased expression (34). 
Mechanistically, CTMP1 is thought to alleviate pathological 
cardiac hypertrophy by blocking the PKB pathway (30).

Idiopathic pulmonary fibrosis is a chronic, progressive, 
fibrotic interstitial lung disease predominantly affecting 
older individuals (70). Bleomycin is widely recognized for 
its ability to induce pulmonary fibrosis in mice  (71). In a 
bleomycin‑induced lung fibrosis model, CTMP1(‑/‑) mice 
exhibited increased collagen deposition and enhanced fibrosis. 
Specifically, these knock‑out mice showed elevated levels of 
collagen type I α1 chain and α‑SMA expression. In addition, 
epithelial‑to‑mesenchymal transition was evidenced by a 
significant increase in mesenchymal markers such as fibro‑
nectin and a decrease in the epithelial marker E‑cadherin at 
both the protein and mRNA levels (unpublished data) (Fig. 4). 
In summary, CTMP1 has been shown to impact fibrosis in 
the kidneys, heart and lungs by inhibiting PKB phosphoryla‑
tion. However, the effects of CTMP1 on other organs remain 
elusive, necessitating further investigation (Fig. 4).

8. Adverse effects of CTMP on brain injury

Astrocytes from the hippocampi of mice with kainic 
acid‑induced neurodegeneration exhibit an increase in 
CTMP1 expression and suppression of PKB activity, nega‑
tively affecting astrocyte activation  (72). CTMP1 inhibits 
PKB, thereby negatively impacting the mobilization of func‑
tional calcium‑activated potassium channels in developing 
parasympathetic neurons. This inhibition hinders the mobili‑
zation evoked by β‑neuregulin‑1 and TGFβ1 (73). In addition, 
CTMP1 may be related to the mechanism by which isoflurane 
ameliorates neurological outcomes. This is because isoflurane 
can prevent neurological complications when administered 
with a normal diet, but not with a high‑fat diet. In addition, 
a high‑fat diet has been shown to increase CTMP1 levels and 
reduce PKB activity in the hippocampus (52). The CTMP1 
mRNA level rapidly increases following ischemic cerebral 
infarction but only partially recovers after reperfusion. CTMP1 
transcription is suppressed by activating transcription factor 
3 (ATF3), leading to the protection of neurons from hypoxic 
insult by indirectly enhancing PKB activity (22). Inhibition 
of CTMP1 reduces hypoxic neuronal apoptosis by increasing 
phospho‑PKB levels, while upstream ATF3 levels remain 
constant (23). This reinforces the endogenous neuroprotective 
ATF3‑CTMP1 signaling cascade, representing a potential 
therapeutic target for ischemic brain injury. Outside the 

hippocampus, CTMP1 also shows higher expression in type 2 
diabetic mice with focal cerebral ischemia (25) and in vulner‑
able hippocampal neurons (26), leading to suppressed PKB 
activity and negatively impacting ischemia outcomes (25,26).

Sevoflurane serves as an additional neuroprotective 
target by enhancing PKB activity and GSK3β. However, the 
neuroprotective benefits of its preconditioning are diminished 
in the presence of CTMP1 overexpression. In addition, a 
correlation has been observed between CTMP1 and reduced 
PKB expression after ischemic events (21). CTMP1 expression 
is increased in tissues of the ischemic penumbra, suggesting 
that the rise in CTMP1 levels with age may have a role in the 
decreased ischemic tolerance of the brain (20). Furthermore, in 
mice subjected to traumatic brain injury, phospho‑PKB levels 
initially peak to provide neuroprotection before diminishing, 
while CTMP1 levels peak and remain stable after injury. This 
indicates that during traumatic brain injury, CTMP1 activation 
serves to inhibit PKB phosphorylation. In Parkinson's disease, 
the second most common neurodegenerative disorder, CTMP2 
has been observed to reduce the use of the full‑length tran‑
script containing 247 amino acids (Fig. 1) while increasing the 
use of a shorter transcript containing 119 amino acids (74). 

This variation led to an intriguing discovery: The 
full‑length isoform of CTMP2 localizes within mitochondria, 
whereas the shorter isoform is more likely to be found in the 
extracellular space than in the mitochondria. This suggests that 
in Parkinson's disease, mitochondrial CTMP2 is downregu‑
lated along with a decrease in the full‑length transcript (75). 
Furthermore, CTMP2 has been found to be significantly 
associated with cisplatin‑induced peripheral neuropathy, in 
which higher expression of CTMP2 is correlated with this side 
effect of cisplatin chemotherapy (76). Overall, CTMP appears 
to exert a negative effect on neuroprotection. Inhibiting 
CTMP may enhance the recovery of neurological function by 
increasing phosphorylation of PKB.

9. Other factors

Age. In a study of autoimmune thyroiditis, one of the most 
prevalent endocrine autoimmune diseases, the methylation 
levels of CTMP1 cDNA were analyzed and compared between 
patients and controls exposed to varying levels of iodine in 

Figure 4. Role of CTMP1 in the regulation of fibrosis in lung, heart and 
kidney through PKB phosphorylation. CTMP1 alleviates lung, heart and 
kidney fibrosis by inhibiting phosphorylated PKB and then downregulating 
other substrates of PKB signaling. Conversely, CTMP1 ablation enhances 
fibrosis in these organs. CTMP, carboxyl‑terminal modulator protein; PKB, 
protein kinase B, PH, Pleckstrin homology domain; S, Ser473; T, Thr308; C, 
C‑terminal end.
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water. This comparison was performed to assess the impact of 
genes related to the PI3K‑AKT signaling pathway. The study 
showed a negative correlation between the CTMP1 methyla‑
tion level and age (77). In addition, in rat brains, an increase 
in CTMP1 expression was observed alongside a decrease in 
activated PKB as a function of aging (20).

Vitamin D. The active form of vitamin D, namely 
1,25‑dihydroxyvitamin D [1,25(OH)2D], alleviates local 
inflammation by upregulating CTMP1, which in turn reduces 
the phosphorylation of both PKB and its downstream target, 
IκBα. Conversely, knockdown of CTMP1 diminishes the 
inhibitory effect of 1,25(OH)2D on macrophages (78).

Malaria. Malaria is a deadly parasitic disease and its under‑
lying mechanisms are not fully understood. Analysis of the 
GSE1124 dataset revealed that CTMP1 was positively associ‑
ated with asymptomatic Plasmodium falciparum infection, a 
classification of malaria (79).

Muscle atrophy and myogenesis, amyotrophic lateral 
sclerosis (ALS). CTMP1 has a negative role in hypertrophy 
of both skeletal and cardiac muscles. It does so by enhancing 
muscle atrophy after nerve injury, primarily through inhibition 
of PKB activity and other downstream factors (80). CTMP1 
interacts with N‑Myc downstream‑regulated gene 4, which 
hinders its ability to bind to PKB. This interference increases 
PKB phosphorylation and subsequently enhances cAMP 
response element‑binding protein activity during differen‑
tiation of C2C12 myoblasts. This process leads to a boost in 
the expression of myogenic genes (81). Furthermore, in both 
ALS model mice and differentiated C2C12 cells, a significant 
increase in CTMP1 at the protein level was observed in the 

hindlimb skeletal muscle. This increase was associated with a 
decrease in the level of phosphorylated PKB (82).

Lung hypertension. CTMP1 ablation enhances PKB activity 
during the development of pulmonary hypertension. This 
enhancement is attributed to the ability of asymmetric 
dimethylarginine to increase peroxynitrite generation and 
promote the mitochondrial translocation of endothelial nitric 
oxide synthase. This translocation is essential for regulating 
mitochondrial function (83).

Acute rejection after transplantation. In cases of acute 
rejection following renal transplantation, CTMP2 is notably 
downregulated. It shows a negative correlation with naive B 
cells but a positive association with M2 macrophages, resting 
mast cells, memory B cells and resting natural killer cells (84).

10. Future perspectives

The recent discoveries regarding CTMP1 and CTMP2 have 
led to several key points, which are summarized as follows 
and also in Table I. 

CTMP1 primarily functions as an inhibitor of PKB, 
playing a regulatory role in lipid metabolism, cancer, 
fibrosis and neurodegeneration. However, there are certain 
exceptions to this. CTMP1 has been shown to increase 
PKB phosphorylation, leading to opposite conclusions. 
Therapeutically targeting CTMP1 in cancer and fibrosis 
presents a promising avenue for future treatment. However, 
adopting a rigid mindset in researching CTMP1 or CTMP2 
is discouraged. In addition, CTMP1 and its binding partner 
LETM1 are often correlated with apoptosis, lipid metabolism 
and cancer.

Table I. Summary comparison of CTMP1 and CTMP2's functions. 

Function	 CTMP1	 CTMP2

Role of CTMP in PKB	 CTMP1 inhibits PKBα activity by preventing its	 CTMP2's relationship with PKB
signaling pathway	 phosphorylation at Ser473 and Thr308 residues	 is unclear
Impact of CTMP on metabolic	 CTMP1 upregulation in obesity contributes to	 CTMP2's role is limited to
syndrome	 insulin resistance	 adipose tissue and liver
Regulation of CTMP in 	 CTMP1 promotes apoptosis by inhibiting anti‑apoptotic	 CTMP2 influences mitochondrial
apoptosis and mitochondria	 proteins and affects mitochondrial morphology	 function
Various functions of CTMP	 CTMP1 exhibits varied expression in different cancers	 CTMP2's role is less understood, 
 in cancer	 and impacts tumor progression	 particularly in cancer
Emerging role of CTMP1 in	 CTMP1 mitigates renal and cardiac fibrosis, while	 Effect of CTMP2 in fibrosis
regulation of fibrosis	 exacerbating pulmonary fibrosis	 is elusive
Adverse effects of CTMP on	 CTMP1 negatively affects astrocyte activation, 	 CTMP2 may contribute to
brain injury	 neuroprotection and neurological recovery post‑injury	 Parkinson's disease and
		  cisplatin‑induced neuropathy
Other factors	 CTMP1 expression is influenced by age, vitamin D, 	 CTMP2 is associated with fatty
	 malaria, muscle atrophy, lung hypertension and acute	 liver disease and cardiolipin
	 rejection post‑transplantation	 remodeling

CTMP, carboxyl‑terminal modulator protein; PKB, protein kinase B.
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The expression of CTMP1 under obesity‑related condi‑
tions across different organs remains controversial. However, 
its effects on organs may be categorized into two groups: 
i) Adipose tissues and liver, in which lipid metabolism is 
predominant; and ii) other organs, such as the kidneys, heart 
and lungs. Further investigation into the effects on these 
remaining organs is required.

The knowledge of CTMP2 is comparably scarce, particu‑
larly in the context of cancer, with no findings related to 
CTMP2 in this area. The sole functions of CTMP2 identi‑
fied thus far pertain to fatty liver disease and cardiolipin 
remodeling. The possibility that CTMP2 may share similar 
functions with CTMP1 cannot be dismissed. Furthermore, the 
correlation between CTMP2 and PKB is not well established, 
suggesting a novel area of exploration.

These findings offer fascinating opportunities for further 
research. Thorough exploration is required to fully under‑
stand the roles of CTMP1 and CTMP2 and their potential for 
therapeutic applications.
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