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Are Cyclophilins Foes or Friends?
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Cyclophilins (Cyps) are intracellular proteins originally discovered as cellular binding proteins for
immunosuppressive drug, CsA. Recently, many studies report important roles of Cyps in cancer cell
biology. Cyclophilin A (CypA) is overexpressed in several types of cancer cell. It has been reported that
CypA plays a role in cancer cell proliferation, or anti-apoptosis. Overexpressed CypA protects prostate
cancer cells from hypoxia- or cisplatin-induced apoptosis. Also CypA has been known to regulate ERK1/2,
Jak2, and Bcl2 signaling. Cyclophilin B (CypB) seems to have much more influence on breast cancer.
It has been known that CypB can promote cancer cell proliferation, and its motility. More importantly,
CypB antigenic epitopes have been used against lung cancer in clinical trail phase I. CypD and Cyp40
also have been studied in several cancer cells. CypD reduces mitochondria mediated apoptosis and Cyp40
positively modulates androgen-dependent prostate cancer cell growth. This review will mainly discuss
biological functions of CypA and CypB in oxidative stress and human cancers. Also, we will briefly
discuss the recent findings on the importance of other Cyps in human cancers. This study will eventually
lead us to find valuable strategies for cancer treatment and prevention. (Cancer Prev Res 15, 101-105,
2010)
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philins, and also include FK506-binding proteins and parvulins
as well as Cyps.2)

BACKGROUND OF CYCLOPHILINS
AND OXIDATIVE STRESS

PPIase-containing proteins are collectively known as immuno-

Oxygen free radical, more generally known as reactive
oxygen species (ROS) are well recognized for playing a dual
role as both deleterious and beneficial species. Target of the
free radicals include all kinds of molecules in the body. Among
them lipid, nucleic acids and proteins are the major targets.3)
ROS within cells act as secondary messengers in intracellular
signalling cascades, which induce and maintain the oncogenic
phenotype of cancer cells. However, ROS can also induce
cellular senescence and apoptosis and can, therefore, function
as anti-tumourigenic species. ROS can directly produce singleor double-stranded DNA breaks, purine-, pyrimidine-, or
deoxyribose- modifications, and DNA cross-links. Persistent
DNA damage can result in cell cycle arrest, abnormal gene
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Cyclophilins (Cyps) (16 members in humans), are members
of the immunophilin family of proteins that show peptidylprolyl cis-trans isomerase (PPIase) activity. They are abundant,
ubiquitously expressed proteinsoriginally discovered as an intracellular ligand of the immunosuppressive drug cyclosporin A
(CsA). Cyps have been found in all prokaryotes, eukaryotes,
and plants, and structurally conserved throughout the evolution, implying their importance in cellular functions. Their
Peptidyl-prolyl isomerases (PPIase) activity catalyzes the cistrans interconversion of imide bonds of proline residues.1) The
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expression, replication errors, and genomic instability, all of
which are seen in cancer cells. Important to cancer cells, the
unregulated or prolonged production of cellular oxidants has
been linked to mutation induced by oxidant-induced DNA
4∼6)
damage, as well as modification of gene expression.
Evidence that cyclophilins function as an antioxidant has been
recently accumulated. Choi et al. showed that overexpressed
7)
CypA removed ROS generated by cyclosporine A. Moreover,
CypA has been reported to be secreted in response to ROS in
vascular smooth muscle cells. It can be hypothesized that in
higher amount of Cyclophilins might be required to accelerate
folding and maturation of newly synthesized protein with ROS
protective functions. Therefore, maybe cyclophilins have protective functions against ROS, for example, by eliminating
radicals.

RELATIONSHIP OF CYCLOPHILINS
AND CANCER
Many cyclophilns-related study have been focused in several
fields of research including HIV, HCV, cardiovascular, and
inflammatory diseases. However, evidences are accumulated
that cyclophlins have strong relationship with cancer (Table 1).
Cyclophlin A (CypA) is associated with many human can8)
cers. Using SAGE (Serial analysis of gene expression), they
found that CypA mRNA expression profile is different in some
9∼12)
13∼15)
16)
10)
tissue types. In Brain,
Breast,
colon, kidney,
10∼17)
18)
stomach,
skin, and many other cancer tissues, CypA
mRNA was overexpressed. They suggested that CypA is very
important molecule in cancer pathology.
According to recent studies, CypA are discussed as a target
factor of tumorigenesis. In prostate cancer, CypA up-regulation
is mediated by hypoxia-inducible-factor 1α (HIF-1α). And
overexpresssion of CypA prevented hypoxia- and cisplatininduced apoptosis, and this was associated with the reduction
19)
of oxidative stress and mitochondria damage. When CypA
expression level was suppressed, the proliferation ratio was
decreased 47.8% of the control value inendometrial carcinoma.
Furthermore, clonogenic formation assay demonstrated that
knock-down CypA group showed 68.8% inhibition ratio compared with control groups. And in vitro, similarly to in vivo
results, PCNA (Proliferating cell nuclear antigen) positive
20)
nuclei in tumors were over 56% smaller than controls.
Although the role of CypA in apoptosis is not clear at this

point, several reports show that CypA is released from cardiac
myocytes in response to hypoxia/reoxygenation and may protect
21)
cardiac myocytes from oxidative stress-induced apoptosis, and
that CypA also protects other cells from oxidative stress22)
induced apoptosis. These reports suggest that CypA might
be important for tumorigenesis in solid tumors. Interestingly,
overexpression of CypA prevented hypoxia- and cisplatininduced apoptosis, and this obsevation was associated with the
suppression of reactive oxygen species generation and depolarization of mitochondrial membrane potential, whereas small
interfering RNA-based CypA knockdown aggravated these factors. These results suggest that CypA is important in tumorigenesis, especially in tumor apoptosis.
From the molecular biology viewpoint, CypA is known to
stimulate ERK1/2 signal in small lung cancer. The ERK 1/2
pathway is well known to stimulate cell growth by growth
factors and plays an important role in cancer cell growth and
23)
proliferation. And also CypA is known to regulate JanusActivated Kinase 2, which results in PRLr/growth hormone
receptor phosphorylation and the activation of several signaling
including STAT5, Ras/MAP kinase, and Nek3/Var2/Rac1 pathway. In this study, CypA contributes to the activation of Jak2
and other PRL-r associated signaling pathways, through binding of ligand to the PRLr as a receptor-associated conformational switch. Loss of PRLr-CypA binding resulted in a loss
of PRLr/Jak2 mediated signaling and inhibited their growth,
24)
motility, and invasion in soft agar colony formation.
In pancreatic cancer, CypA and CD147 expressed significantly higher than normal pancreatic ductal epithelim. CD147
is type I transmembrane glycoprotein, and when CypA binds
to CD147, it transmits a signal to downstream cascades.
Overexpressed CypA stimulates MAP kinase, IL-5 and IL-17
though CD147. As results, CypA promote cell proliferation and
25)
tumorigenesis.
Cyclophilin B (CypB) also has been investigated in cancer
pathology. Especially in breast cancer, CypB has been considered as an important factor. Retro-tanslocation of CypB from
ER to nucleus makes possible for CypB to bind with Prolactin
(PRL). The CypB-PRL complex can stimulate STAT5-mediated
gene expression. This study showed that CypB as an important protein for the lactogenic hormones. The important
role of the PRL-related signaling in the development and
progression of breast cancer has been reported by several
26∼29)
studies.
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Table 1. Cyclophilins functions in cancers
Cyclophilins
CypA

Cancer type
Pancreatic cancer

Oral squamous cancer
Small lung cancer

CypC
Cyp40

Colorectal cancer
T lymphocytes
Breast cancer
Lung cancer
Breast cancer
Prostate cancer

CypD

Breast cancer
Cervical carcinoima

CypB

Ovarian cancer

Functions of Cyps in cancer
- Upregulated as compared with normal pancreatic control tissues
- Stimulates cell proliferation through CD147
- Involved in cell proliferation such as neuropilins (NRPs), vascular endothelial growth
factor (VEGF), and VEGF receptors (VEGFRs)
- HIF-1α expression indicates a good prognosis in early stage
- Differential gene expression in neoplastic
- Potential role of CypA in early stage neoplastic transformation
- Involved in cell cycle progression and MAPKs pathway activation
- COX2-independent chemopreventive effect by celecoxib
- Recognized by HLA-A24-restricted and tumor specific cytotoxic T lymphocytes
- Served as a transcription inducer
- Peptide vaccines against lung cancer in a clinical trial
- Marker of metastatic function
- Interacts with Bcl2
- Positive regulators of androgen-dependent
- Estrogen receptor α/β subtype expression and interacting hsp90
- Sirtuin-3-induced inactivation of CypD causes a detachment of hexokinase II from
the mitochondria
- Need for oxidative phosphorylation
- Mitochondiral chaperone TRAP1 regulates potential novel target for ovarian cancer
therapy

The effect of CypB gene expression and global cellular
function in human breast cancer has been studied by proteomic
methods. According this report, CypB knockdown regulate cell
motility, proliferation, essential cell function, and many cancer
biology related-network genes in breast cancer cells. In vivo,
CypB levels are increased in malignant breast epithelium and
significant concentration within the nucleus.30)
In 2002, Gohara et al. found that two CypB antigenic
epitopes (CypB 84∼92 and CypB 91∼99) are recognized by
HLA-A24-restricted and tumor-specific cytotoxic T lymphocyte. These peptide-based vaccines were used against lung
cancer in clinical trial.31)

and cervix cancer, mitochondria-mediated apoptosis were reduced by CypD suppression. They found that anti-cancer drug
(adriamycin)-mediated apoptosis suppression by CypD correlated
with amount of mitochondrial bound hexokinase II, which has
anti-apoptotic activity.37) And CypD interacts with Bcl2, which
is well-known as anti-apoptotic factor. In sarcoma osteodenic
and leukemia cell, CypD enhances the limiting effect of Bcl2
on the cytochrome C releases from mitochondria which is not
mediated via mitochondrial permeability transition (MPT).38)
Cyp40 were studied in prostate cancer.39∼42) Cyp40 is much
highly expressed in prostate cancer cell lines compared with
primary prostate cells, and Cyp40 associated with AR.41) Kno-

Also recently it turned out that CypB are strongly related
with Hepatitis C Virus (HCV) and hepato cellular carcinoma
(HCC). Progression of the disease was determined on biopsy
using the development of the end-stage complications of
progressive hepatitis C, namely development of HCC.32) It was
reported that CypB is a cofactor of HCV replication, and that
CypB and viral non-structural proteins are complexes for viral
replication.33)
Cyclophilin D (CypD) and Cyclophilin 40 (Cyp40) were
investigated in several cancers. Overexpressed CypD was
known to inhibit proliferation of cancer cells.34∼36) In glioma

ckdown of Cyp40 inhibited androgen (AR)-mediated transcription and growth in prostate cancer cell, LNCaP.42)

CONCLUSION
ROS (Reactive oxygen species) are known to play dual roles
in biological system, since they can be either harmful or
beneficial in living systems. At low concentrations of ROS, they
are known to play a beneficial function in the induction of a
mitogenic response, while at high concentration, they can be
important mediators for cellular damage to lipid, protein and
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nucleic acids. Therefore, ROS have been proposed to play key
roles in the development of age-dependent disease such as
cancer. Cyps are originally identified as cellular binding proteins for the immunosuppressive drug cyclosporin A. It was
known that Cyps, including CypA, CypB, CypC. CypD and
Cyp40, have different locations and functions. Clinically, Cyps
have been studied in many diseases, such as Parkinson’s diseases, Alzheimer’s diseases, and Hepatitis C virus, which have
strong correlation with oxidative stress. In fact, one of Cyps’
roles in diseases turned out to be related with oxidative stress,
such as mitochondria dysfunction, ROS reductions. Furthermore, nowadays, the expression patterns and functions of Cyps
are reported to be correlated with tumor biology of several
cancers. Even though exact mechanisms of Cyps in oxidative
stress-related diseases are to be revealed, understanding the
roles of Cyps in oxidative stress and cancers will lead to finding
their clinical applications in human disease.
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