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Abstract: Mitochondria, independent double-membrane organelles, are intracellular power plants that feed most 
eukaryotic cells with the ATP produced via the oxidative phosphorylation (OXPHOS). Consistently, cytochrome c 
oxidase (COX) catalyzes the electron transfer chain’s final step. Electrons are transferred from reduced cytochrome 
c to molecular oxygen and play an indispensable role in oxidative phosphorylation of cells. Cytochrome c oxidase 
subunit 6c (COX6C) is encoded by the nuclear genome in the ribosome after translation and is transported to mito-
chondria via different pathways, and eventually forms the COX complex. In recent years, many studies have shown 
the abnormal level of COX6C in familial hypercholesterolemia, chronic kidney disease, diabetes, breast cancer, 
prostate cancer, uterine leiomyoma, follicular thyroid cancer, melanoma tissues, and other conditions. Its underlying 
mechanism may be related to the cellular oxidative phosphorylation pathway in tissue injury disease. Here reviews 
the varied function of COX6C in non-tumor and tumor diseases.
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Introduction 

Normal mammalian cells metabolize glucose 
by oxidative phosphorylation of mitochondria 
when oxygen is sufficient, and provide abun-
dant ATP. In the absence of oxygen, the pyru-
vate formed by the decomposition of glucose 
through glycolysis is directly reduced to lactic 
acid, in which only a small amount of ATP is gen-
erated. Even with sufficient oxygen, malignant 
tumor cells can consume plentiful glucose and 
produce vast lactic acid, which is named by the 
Warburg effect. Cancer cells rewire their metab-
olism to promote growth, survival, proliferation, 
and long-term maintenance [1]. In mammals, 
the energy needed for diverse vital activities is 
mainly provided by mitochondria. Nonetheless, 
Cytochrome c oxidase (COX, complex IV) plays 
a unique role in this process.

Structure of COX6C

COX is located in the mitochondria’s inner 
membrane and catalyzes the electron transfer 
from reduced cytochrome c to oxygen, which 
plays a critical regulatory role in the OXPHOS of 

cells and is also involved in the process of apop-
tosis [2]. Mammalian COX comprises the coor-
dinated assembly of 13 subunits, in which 3 
subunits encoded by mitochondrial genomes 
and 10 subunits by the nuclear genomes [3], 
and their expression varies in different organ-
isms or different organs of the same species 
[4]. COX6C is encoded by the nucleus genome, 
followed by translated in the ribosome. After 
that, it is transported to the mitochondria via 
different pathways and ultimately integrates 
into the COX complex. Consistently, COX6C sub-
unit assembled into sub-complexes that may 
hint rate-limiting intermediates, which plays a 
significant role in the function of COX and is a 
key regulator in the oxidative phosphorylation 
process of tissue cells [4, 5].

COX is well known as a large complex com-
prised of at least 13 subunits. In detail, sub-
units I-III compose the catalytic core of the 
enzyme, which are all synthesized from mito-
chondrial DNA. By contrast, the remaining sub-
units (IV-VIII) are synthesized from cellular 
nuclear DNA (Figure 1) [6]. Detailedly, subunit I 
is located in heme A and the oxygen-binding 
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site composed of CuB/heme A3. The voltage-
dependent anion channel binds to subunit I; 
Besides, COX activity is inhibited at high ATP-to-
ADP ratios by binding to subunit I in the matrix. 
However, subunit II can bind site CuA and sub-
unit III has a role in proton pumping. Subunit IV 
is divided into IV-1 and IV-2, and the former 
shows allosteric ATP inhibition at high ATP-to-
ADP ratio. It’s unclear that IV-2 is induced under 
hypoxia (O2)-dependent allosteric ATP inhibi-
tion. Subunit V can bind zinc. Subunit VI de- 
creases of H+/e- from 1 to 0.5. The functions of 
others subunits are not definite [7]. 

Functions of COX6C

The gene, mapped to the chromosome region 
8q22.2, has 5 exons and encodes approxi-
mately 9-kDa protein consists of 75 amino 
acids. It is dominating expressing in mitochon-
dria and lesser in the nucleus. Besides, this 
gene encodes a potential transmembrane pro-
tein that may function in vesicle-mediated 
transport and sorting of proteins within cells. 
The protein may play a role in the development 
and the function of the eye, hematological sys-
tem, and central nervous system. Mutations of 
the gene could be associated with Cohen 
Syndrome, an inherited disease. Moreover, it 
has 77% amino acid sequence identity with 
mouse subunit VIc. Meanwhile, a pseudogene 
has been found on chromosomes 16p12.

In addition, to better understand the role of 
COX6C in disease, we consult the Gene Ex- 
pression Profiling Interactive Analysis (GEPIA) 
database and discover that COX6C is differen-
tially expressed in various cancers in the GEPIA 
database (Figure 2). Previous studies indicated 

eases

The increased expression of COX6C has been 
reported in various invasive organelles, which 
always could be observed in the damaged-tis-
sue cells. A series of biochemical processes, 
including OXPHOS, are usually employed. It has 
also been proposed that the expression level of 
COX6C may be considered as a marker of the 
degree of tissue and organ damage to guide 
the diagnosis and treatment of clinical di- 
seases.

COX6C is associated with muscle tissue dam-
age caused by disease

By real-time PCR, COX6C mRNA was regularly 
found to express in the rat muscle injury model, 
which was much higher than that of the control 
group within 6 hours after contusion. However, 
which was going down dramatically at 6-36 
hours after injury. It may be valuable for esti-
mating wound stages in combination with the 
results of pathological features [8]. Du and col-
leagues also provided similar evidence to show 
the expression of COX6C was positively corre-
lated with the time of skeletal muscle injury [9]. 
The role of COX6C in different disease models 
is not consistent. Crul group reported that the 
expression level of COX6C was decreased in 
the muscle tissue of patients with acute exac-
erbation of chronic obstructive pulmonary dis-
ease (COPD). It indicated that various ways, 
such as mitochondrial dysfunction, would ca- 
use a series of pathophysiological changes 
under this condition. These studies may pro-
vide a strategy for treating muscle loss in acute 
exacerbations of some diseases [10].

Figure 1. The structure of mammalian complex IV. Mammalian complex IV 
comprises 13 different subunits. In detail, subunits I-III compose the cata-
lytic core of the enzyme, which are all synthesized from mitochondrial DNA. 
By contrast, the remaining subunits (IV, Va, Vb, VIa, VIb, VIc, VIIa, VIIb, VIIc, 
VIII) are synthesized from cellular nuclear DNA. 

COX6C is relevant to the devel-
opment of familial hypercholes-
teremia (FH), chronic kidney dis-
ease (CKD), diabetes, breast 
cancer, uterine leiomyoma, fol-
licular thyroid cancer, melanoma 
tissues and other diseases. The 
mechanism may be correlated 
with the oxidative phosphoryla-
tion pathway of tissue cells in 
tissue injury diseases. As fol-
lows, we summarize COX6C-
related diseases (Table 1) and 
the functions of COX6C in spe-
cific diseases (Figures 3, 4).

COX6C and non-neoplastic dis-
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COX6C and familial hypercholesterolemia

COX6C and other COXs had gene enrichment in 
atherosclerotic vessels of FH patients through 
bioinformatics analysis, and they identified a 
ribosomal protein as an essential regulator of 

ss has been demonstrated to play an essential 
role in the progression of vascular diseases, for 
instance, hypercholesterolemia and athero-
sclerosis [13]. COX has been reported to regu-
late OXPHOS in eukaryotic enzymes, leading to 
reduced ATP production and mitochondrial 

Figure 2. Differential expression of COX6C in cancers in the GEPIA database. COX6C is highly expressed in BRCA, 
DLBC, KICH, LIHC, PAAD and THYM (Red), but it has a lower expression level in LAML (Green).

Table 1. Current research on COX6C in non-neoplastic diseases and 
cancers
Types Quantity references
non-neoplastic diseases muscle tissue damage 3 [8-10]

familial hypercholesteremia 4 [11-14]
chronic kidney disease 3 [15-17]
diabetes 5 [18-22]
infectious diseases 1 [23]
other diseases 6 [18, 24-28]

cancers breast cancer 3 [29-31]
gastric cancer 1 [32]
prostate cancer 1 [33]
uterine leiomyoma 2 [34, 35]
melanoma tissues 1 [36]
penile squamous cell carcinoma 1 [37]
retroperitoneal lipoma 1 [38]
follicular thyroid cancer 1 [39]
esophageal cancer 1 [40]
chronic lymphocytic leukemia 1 [41]

atherosclerosis in FH 
patients depending on 
module analysis and 
gene ontology (GO) en- 
richment analysis. It 
suggested that the ri- 
bosome and oxidative 
phosphorylation path-
way may be closely re- 
lated to atherosclerosis 
development [11]. Mo- 
reover, OXPHOS is a 
metabolic pathway, th- 
rough which energy  
is released from ATP  
molecules in mitochon- 
drial cells. Meanwhile,  
the accumulation of re- 
active oxygen species 
(ROS) caused an in- 
crease in oxidative st- 
ress in the cells [12]. 
Similarly, oxidative stre- 
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Figure 3. Research status of COX6C differential expression in non-neoplastic diseases. A. COX6C mRNA was much higher than that of the control group within 6 
hours after contusion, but it was going down dramatically at 6-36 hours after injury in the rat muscle injury model. B. COX can regulate oxidative phosphorylation 
(OXPHOS) in eukaryotic enzymes, which can lead to reduced ATP production and mitochondrial inactivation. They contribute to the progression of vascular diseases. 
C. The expression level of the COX6C mRNA appeared lower in chronic kidney disease (CKD), which revealed the mechanism caused by the imbalance between 
oxidation and antioxidant defense. COX6C and peroxisome proliferator-activated receptor-gamma coactivator 1 alpha (PGC-1α), an upstream gene of COX6C, can 
be considered as new prognosis evaluation indexes for end-stage renal disease (ESRD)/HD patients. D. The expression level of COX6C mRNA was remarkably up-
regulated in glomerular cells of patients with diabetic nephropathy (DN), manifesting a potential mechanism for the occurrence of DN. The expression of COX6C 
could increase in diabetes damage cells in the low-intensity laser irradiation. E. Host cells can up-regulate the expression of COX6C by silencing miR-4276 in the 
early stage of infection with the influenza virus when they first exposed to the influenza virus. F. PGC-1α expression increased in cardiomyocytes after 24 hours 
under hypoxia condition, which led to an increase in estrogen-related receptor alpha (ERRα), its downstream gene, consequently increased the mRNA expression of 
COX6C and Fabp3, which was two target genes of ERRα. Moreover, the level mRNA of COX6C was also differentially expressed in the damaged skin cells. And the 
overexpression of COX6C inhibited cell growth.
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Figure 4. Research status of COX6C differential expression in cancers. A. Under the hypoxic conditions, the higher level of COX6C promoted the stability of mitochon-
drial membrane potential (MMP) and reactive oxygen species (ROS) in MCF-7/MX. B. Overexpression of NDUFA4 remarkably upregulated the expression levels of 
COX6C, and then promoted the proliferation and decreased the apoptosis of gastric cancer cells. C. The high level of COX6C was necessary for providing a strong 
oxidative respiration rate to the growth of malignant tumors. D. The COX6C gene was the fused spouse of HMGIC, which was one of the key regulators in tumori-
genesis of uterine leiomyoma. E. Mitochondrial protein-enriched extracellular vesicles (EVs) and COX6C could be detected in human melanoma tissue plasma, 
which reflect the presence of disease. F. COX6C had a high-frequency gains in five penile squamous cell carcinoma (PSCC) cell lines. G. COX6C translocated in 
ETO8q chromosome breakpoint (8q22) and COX6C (8q22-q23) in retroperitoneal lipoma tissue cells, which was closely related to the occurrence and development 
of retroperitoneal lipoma. H. DERL/COX6C translocation may provide a diagnostic basis for follicular thyroid cancer. I. The expression of COX6C was significantly 
up-regulated at the early stage of different radiation doses of ionizing radiation, which may establish new strategies of alternative adjuvant therapy with little risk. 
J. Recombinant IL-24 stimulated the expression of COX6C after 36 hours, whereas the transcription of COX6C involved in DNA replication and metabolism was 
hampered within 6 hours.
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inactivation. Furthermore, mitochondrial dys-
function contributes to cardiovascular diseas-
es by inducing changes in mitochondrial mor-
phology and apoptosis [14]. 

COX6C and chronic kidney disease

Furthermore, Zaza et al. reported that COX6C 
mRNA expression was conspicuously down-
regulated in peripheral blood of patients with 
peritoneal dialysis [15]. According to another 
study, including the application of clinical thera-
py and renal replacement therapy dirty (RRT), 
the expression level of the COX6C mRNA app- 
eared noteworthy lower in patients with CKD, 
which revealed the mechanism for patients 
with CKD caused by the imbalance between 
oxidation and antioxidant defense. Renal tissue 
damage in stage 5 of CKD is associated with 
oxidative stress [16]. Moreover, COX6C was 
strongly related to the occurrence and death  
of hemodialysis (HD) cardiovascular disease. 
COX6C and peroxisome proliferator-activated 
receptor-gamma coactivator 1 alpha (PGC-1α), 
an upstream gene of COX6C, have been consid-
ered as new prognosis evaluation indexes for 
end-stage renal disease (ESRD)/HD patients 
[17].

COX6C and diabetes

It has been reported that low-intensity laser 
irradiation (LILI) could increase the expression 
of COX6C in diabetes damage cells, which 
proved that LILI had an impact on the mito-
chondrial electron transport chain (ETC, com-
plex I-IV) and oxidative phosphorylation (ATP 
synthase) genes [18]. The mRNA level of PGC-
1α and its downstream gene COX6C increased 
after exercise in insulin-sensitive people’s mus-
cles. However, the mRNA expression of PGC-1α 
and COX6C was blocked and decreased in the 
insulin-resistant group [19]. Recently, based on 
the combination of transcriptomic and pro-
teomic analyses, it has been found that avicula-
rin could play a hypoglycemic effect to alleviate 
type 2 diabetes mellitus (T2DM) by regulating 
the expression of COX6C [20].

Besides, the expression level of COX6C mRNA 
was remarkably up-regulated in glomerular 
cells of patients with diabetic nephropathy (DN) 
[21]. Also, subsequent studies described that 
the mRNA level of COX6C was prominently 
increased in rats treated with telmisartan com-

pared with their negative controls, manifesting 
that DN’s occurrence may be associated with 
mitochondrial oxidative phosphorylation path-
way [22].

COX6C and infectious diseases

Host cells could upregulate the expression of 
COX6C by silencing miR-4276 in the early stage 
of infection with the influenza virus when they 
first came into contact with the influenza virus. 
It was also propounded that the influenza virus 
infected the host and caused changes in the 
miRNA profile, cell death, and tissue damage. It 
was speculated that COX6C was a vital player in 
the apoptosis pathway, which may be an essen-
tial regulator of the early stage of influenza flu-
idity and can be changed during the virus infec-
tion [23]. 

COX6C is associated with other diseases

Several literatures demonstrated that COX6C 
expression was increased in the injured brain 
tissue compared with normal control by us- 
ing MALDI imaging-mass-spectrometry. COX6C 
would become a potential diagnostic biomarker 
or target for nerve recovery, and even a thera-
peutic target for ischemic stroke [24]. The level 
mRNA of COX6C was also differentially ex- 
pressed in the damaged skin cells through the 
culture of damaged human cells in vitro [18]. 
Other studies indicated that PGC-1α expres-
sion increased in myocardial cells after 24 
hours under hypoxia condition, which led to an 
increase in its downstream gene, estrogen-re- 
lated receptor alpha (ERRα), consequently in- 
creased the mRNA expression of COX6C and 
Fabp3, which was two target genes of ERRα 
[25]. The estradiol/ERα signaling axis up-regu-
lated the mitochondrial biological energy sys-
tem to improve osteoblast maturation, which 
promoted bone formation [26].

In another paper, the researchers found that 
DAZAP1, a conserved RNA-binding protein, 
bound to COX6C pre-mRNA, but not to COX6C 
mRNA from intron-free expression vectors. 
Meanwhile, the overexpression of DAZAP1 led 
to the accumulation of all introns of COX6C pre-
mRNA, manifesting that DAZAP1 reduced the 
pre-mRNA’s splicing efficiency. They also con-
firmed DAZAP1 silence and COX6C overexpres-
sion inhibited cell growth through cell prolifera-
tion curves in vitro. These evidences indicate 



Clinical significance of COX6C in diseases

7	 Am J Transl Res 2021;13(1):1-10

that DAZAP1 is a negative regulator of pre-
mRNA splicing, which may control mitochondri-
al energy generation by regulating COX6C ex- 
pression [27].

Otherwise, COX6C may be a candidate bio-
marker associated with different genetic ad- 
vantages of boar taint (BT) depending on dif-
ferential expression analysis with co-expres-
sion analysis [28].

COX6C and cancers

Accumulating evidence illustrates that COX6C 
has a special relationship with breast cancer, 
thyroid tumors, uterine cancer, prostate can-
cer, esophageal cancer, and melanoma in 
recent years. And they put forward that the dif-
ferential expression of COX6C is associated 
with the prognosis of some tumors and is 
expected to become one of the diagnostic 
markers of specific tumors.

COX6C and breast cancer

The expression of COX6C was up-regulated in 
breast cancer, confirmed through tissue micro-
array and other methods [29]. Several academ-
ics analyzed the ERRα expression in tumor tis-
sues from 58 breast cancer patients via a cDNA 
microarray. The COX6C expression in estrogen 
receptor + (ER+) patients was much higher 
than that in non-hormone-responsive breast 
cancer (ER-) controls, which may play a critical 
role in the differentiation between ER-positive 
and ER-negative subtypes [30]. In addition, 
ATP-binding cassette superfamily G member 2 
(ABCG2) and ATP synthase were increased in 
breast cancer cell line MCF-7/MX, which was 
resistant to mitoxantrone (MX). Under the 
hypoxic conditions, the higher level of COX6C 
promoted the stability of mitochondrial mem-
brane potential (MMP) and ROS in MCF-7/MX, 
which provided a certain idea for targeted drug 
therapy of breast cancer [31].

COX6C and gastric cancer

The expression level of COX6C was remarkably 
up-regulated in gastric adenocarcinoma cell 
lines (AGS), as well as the overexpression of 
long non-coding MIF-AS1 or NDUFA4. It has 
been reported that overexpression of NDUFA4 
could promote the proliferation and decreased 
the apoptosis of gastric cancer cells through 
activation of the oxidative phosphorylation pa- 
thway [32].

COX6C and prostate cancer

Another report [33] indicated that the mRNA 
expression level of COX6C was up-regulated in 
the clinical prostate tumor tissues through 
northern hybridization analysis. As the protein 
of the mitochondrial inner respiratory chain, 
the high level of COX6C was necessary for pro-
viding a strong oxidative respiration rate to the 
growth of malignant tumors, which had a mean-
ingful clinical significance for the diagnosis of 
prostate cancer. Among many carcinogenic fac-
tors of prostate cancer, the transcriptional reg-
ulation of COX6C played an essential part in 
prostate cancer occurrence and development.

COX6C and uterine leiomyoma

In uterine leiomyoma, some scholars reported 
that the COX6C gene on chromosome 8q22-23 
was the fused spouse of HMGIC, a novel het-
erotopic sequence of high mobility group pro-
tein isoform I-C [34]. They demonstrated that 
the first three exons of the HMGIC gene encod-
ing three DNA binding domains fused with the 
second exon of the COX6C gene. Gene rear-
rangement identification showed that HMGIC 
was one of the key regulators in tumorigenesis 
of uterine leiomyoma. Consistently, Mine and 
colleagues also reported that HMGIC gene 
fusion was confirmed in uterine leiomyoma by 
RT-PCR, and COX6C translocated with RAD51B 
gene loci. Furthermore, it was recognized that 
the fusion of HMGIC DNA domain with spacer 
and the acidic carboxyl-terminal regulatory 
domain was a common tumorigenic mecha-
nism in the development of uterine fibroids 
[35].

COX6C and melanoma

A groundbreaking study demonstrated mito-
chondrial protein-enriched extracellular vesi-
cles (EVs) could be detected in human melano-
ma tissue plasma. And notably, COX6C was 
highly ubiquitous in the plasma of melanoma 
patients and was not markedly changed in 
breast cancer and ovarian cancer patients. The 
subpopulation of EVs can reflect the presence 
of disease, which could be another useful bio-
marker [36].

COX6C and penile squamous cell carcinoma

In addition, whole-genome sequencing (WGS) 
analyses and copy number variations (CNVs) 
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revealed high-frequency gains of COX6C in five 
penile squamous cell carcinoma (PSCC) cell 
lines, which derived from Chinese PSCC pa- 
tients [37].

COX6C and other cancers

Several reports have illustrated that COX6C 
was also closely related to the occurrence and 
development of retroperitoneal lipoma, follicu-
lar thyroid cancer, esophageal cancer, and 
other cancers. Concretely, COX6C translocated 
in ETO8q chromosome breakpoint (8q22) and 
COX6C (8q22-q23) in retroperitoneal lipoma 
tissue cells. A better classification of adipose 
tumor tissues could be obtained by karyotype 
analysis of retroperitoneal lipoma cases to 
assess chromosome 1 and 8 rearrangements 
[38]. So far, DERL/COX6C translocation has 
been found in thyroid cancer cell tissues, which 
may provide a diagnostic basis for follicular thy-
roid cancer [39]. In this study, the influence of 
ionizing radiation on esophageal cancer was 
evaluated by cDNA microarray. COX6C was sig-
nificantly up-regulated at the early stage of dif-
ferent radiation doses of ionizing radiation, 
which may improve our understanding of radio-
therapy’s molecular basis to establish new 
strategies of alternative adjuvant therapy [40]. 
Some researchers have also explored chronic 
lymphocytic leukemia (CLL) by utilizing a B-cell 
differentiation model and mRNA profiling. They 
demonstrated that recombinant IL-24 stimulat-
ed the expression of COX6C after 36 hours, 
whereas the transcription of COX6C involved in 
DNA replication and metabolism was ham-
pered within 6 hours [41]. 

Summary and future perspectives

COX6C is an indispensable regulatory factor in 
the oxidative phosphorylation process of tissue 
cells, and plays an essential role in the mito-
chondrial electron transport chain of cells. Its 
expression is often closely related to the occur-
rence and development of tissue damages and 
tumors.

To date, the differential expression of COX6C 
has been found in increasing diseases. As a 
transcription regulator, COX6C can not only par-
ticipate in oxidative phosphorylation of tissue 
cells, but also interact with a series of upstream 
regulatory proteins to regulate the biological 
behavior of cells. Therefore, COX6C can be rec-

ognized as a valuable biomarker for predicting 
the degree of tissue cell damage and the prog-
nosis of tumor disease according to the differ-
ent expression levels. 

However, at present, there are still a few issues 
that need to be addressed. 1. It is clear that the 
expression levels of COX6C vary significantly in 
different diseases and tissue. Which specific 
subsets of cells are responsible for the differ-
ence? 2. In tissues, the regulatory patterns of 
COX6C and its upstream and downstream mol-
ecules are not clear. Whether the regulatory 
patterns are consistent in different tissues and 
cell subtypes is not clear. 3. The mechanism of 
COX6C as a somatic molecule in cells of differ-
ent tissues remains unclear. 4. Much more 
studies should be performed to clarify how to 
take the expression level of COX6C as a marker 
of disease diagnosis or prognosis, even a novel 
target for treatment. The discussion of the 
above problems will greatly improve our under-
standing of the relevant functions of COX6C.
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