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ABSTRACT  A continued need to develop safe and
effective analgesics and anti-inflammatory drugs fuels
the ongoing investigations of cyclooxygenase (COX).
In addition, a long unanswered question in the biomed-
ical arena revolves around the mechanism of action of
acetaminophen leading to its analgesic and antipyretic
activity. Upon the discovery of COX in 1971, alterna-
tive enzyme forms were initially suggested. With the
development of molecular biology, the discovery of
two major cyclooxygenase genes (COX-1 and COX-2)
was heralded in 1990, which has subsequently led to
the clinical use and development of selective COX-2
inhibitors. Splice variants of both COX-1 and COX-2
were first encountered in the early 1990s, as were sin-
gle nucleotide polymorphisms of COX-1 and 2. There
have been some recently well-publicized investigations
of COX-1 and -2 enzyme variants that may assist in
our eventual conceptual understanding of the mecha-
nisms of action of acetaminophen. The term “COX-3”
has been utilized by some scientists and in the media.
The evidence for “COX-3” in terms of various COX-
variants and possible scientific and therapeutic implica-
tions of COX variant enzymes are described.

INTRODUCTION

Over thirty years ago, the mechanism of action of aspi-
rin-like drugs or non-steroidal anti-inflammatory drugs
(NSAIDs) was proposed through their inhibition of
prostaglandin biosynthesis via the enzyme cyclooxyge-
nase (COX or prostaglandin H2 synthase) (1).  In 1982,
Sir John Vane’s efforts were recognized with a Nobel
Prize in Medicine. Some 20 years after the initial dis-
covery it was discovered that there are at least two
COX isoforms, COX-1 and COX-2 in 1990 (2).  Cur-
rent research has focused on developing safer NSAIDs

based on a better understanding of the existence of the
two COX isoforms and their mechanisms of action
and physiological roles in the pathogenesis of inflam-
mation.

Figure 1: Schematic of Pathways of Prostaglandin and
Thromboxane Formation and Action.

New classes of selective COX-2 inhibiting medications
have entered the worldwide market based on our
increased understanding of COX inhibition. These
new medications are safer alternatives to the current
NSAIDs in terms of gastrointestinal safety; however,
toxicological concerns regarding their renal and cardio-
vascular safety remain (3). As well as benefiting
arthritic patients, these specific inhibitors of COX-2
may demonstrate new therapeutic potential, slowing
down tumor growth, delaying the birth process, and
impeding the degenerative changes associated with
Alzheimer’s disease (3). Almost all available non-spe-
cific NSAIDs block both COX isoforms, which can
decrease the amounts of prostaglandins formed by
COX-1 and -2. There has been much speculation on
the part of scientists over the years (4), and some recent
research that suggests the possibility of a third COX
isoform with the cognomen “COX-3” (5-6).
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HOW DOES ACETAMINOPHIN/PARACETAMOL 
WORK? 

Acetaminophen/paracetamol was first used in medi-
cine in 1893 and gained popularity since 1949 after
demonstrating pain and fever–relieving properties.
Tylenol® is the common brand name in North Amer-
ica. Acetaminophen is a poor inhibitor of COX-1 and
COX-2, yet it remains a well-used analgesic/anti-
pyretic by millions of people. It has been puzzling to
pharmaceutical and medical science that acetami-
nophen relieves pain and fever; however, it is not a par-
ticularly effective anti-inflammatory drug. 

Some thirty years ago, using dog brains as a source of
enzymes Flower and Vane (4) suggested that acetami-
nophen acted centrally by inhibiting a COX enzyme.
Some studies with COX isozymes as well as studies in
homogenates or isolated microsomes have shown that
COX-1 and COX-2 are quite insensitive to acetami-
nophen (7). Other studies suggest acetaminophen has
been shown to inhibit activity of COX-1 and COX-2
in isolated tissues and cells, and to reduce prostaglandin
production in vivo (8). More recently, Graham and
Scott (9) have provided a thought provoking review of
this subject. Acetaminophen is a weak inhibitor of
COX in isolated enzymes and is a potent inhibitor of
prostaglandins in intact cells when low concentrations
of arachidonic acid or following activation of the
delayed pathway via cytokines to produce prostaglan-
dins (9). The inhibitory concentrations of acetami-
nophen under these conditions are within the
therapeutic range of plasma concentrations ~10µM.
Effects of acetaminophen are not as apparent when
arachidonic acid is greater than ~5µM and when inter-
mediate hydroperoxides levels are increased. It has
been suggested that some preparations used for measur-
ing COX inhibition also contain phenol, may have
effects COX-1 and COX-2 (9). Overall, acetaminophen
appears to act only at site-specific in vivo sites. In the
gastric mucosa, acetaminophen poorly inhibits COX
but in blood, platelets are at least partially inhibited by
acetaminophen (9). The majority of studies promoting
the existence of a “COX-3” are rooted in an effort to
explain the pharmacology of acetaminophen. It is a
general belief that another COX enzyme is selectively
inhibited by acetaminophen and thus this enzyme
plays a role in central prostaglandin production, which
in turn produces pain and fever. The inhibition of a

distinct COX enzyme by acetaminophen as first postu-
lated in 1972 (4), could represent a primary central
mechanism by which acetaminophen and possibly
other analgesics decrease pain and fever.

COX-SPLICE VARIANTS

It is well established that alternative splicing of mRNA
is functionally significant. In addition to being one of
the first groups (3, 10) responsible for elucidating the
COX-1 and COX-2 isoforms, Xie et al. (10) also impor-
tantly described a splice variant of COX-2 in chicken
cells with retention of a 550 (base pair) bp intron
between exons 1 and 2. Another splice variant of
COX-1 in human fibroblasts was subsequently
reported by Diaz (11). 

In 1993, Dewitt and Meade (12) made an interesting
observation that serum treatment of 3T3 cells induces
COX-1 mRNA levels. However, no concomitant
increase in COX-1 protein was detected. Similar find-
ings in rat tracheal epithelial (RTE) cells were found
whereby 12-myristate 13-acetate diester treatment
induced COX-1 mRNA.  However, Western blot anal-
ysis could not unequivocally demonstrate protein
induction in these cells, despite an increase in COX-1
mRNA being detected (13).  Interestingly, RTE cells
also show an aberrantly spliced COX form that lacks
codon 1-36. This COX-1 mRNA induction without
evidence of protein production could be due to specific
induction of splice variant COX-1 V1 mRNA that does
not produce protein, or that the variant protein does
not recognize the non-specific antibody used to detect
the protein.

In EGC-6, RTE cells, and rat fibroblasts cells, the
retention of an intron and a COX-1 splice variant was
described (13). In other investigations, a COX-1 tran-
script of similar length 5.2 kilobases (kb) was previ-
ously shown to be present in endothelial cells (14).
Plant and Laneuville (15) also describe three transcripts
of COX-1 genes (2.8, 4.5 and 5.1kb) as well as two tran-
scripts of the COX-2 gene (2.8 and 4.5 kb). All of these
studies uniformly suggest the existence of COX-iso-
form splice variants with a tissue specific profile of
expression. 

These initial studies demonstrating COX splice vari-
ants consistently utilized splice variant nomenclature
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while referring to these new COX variants as they
were discovered. In 1999, a COX variant COX-2b was
discovered although it was suggested it might be con-
sidered a third COX (5). Subsequently, the existence of
an additional COX isozyme was suggested by others.
(16-17) Willoughby et al. postulated that an inducible
isoenzyme expressed in later, resolving stages of
inflammation was “COX-3” (16). These papers suggest
that “COX-3” is a variant of COX-2 that includes the
COX-2-specific carboxy terminus; however, each of
these publications utilized the designation “COX-3”.

A newly discovered COX variant enzyme in 2002 (6)
was also recently dubbed “COX-3”, even though it
derives from the same gene as COX-1, because it was
suggested that experience has shown that the impor-
tant differences between COX-1 and COX-2 are phar-
macological rather than genetic (6).  Subsequent
articles, commentaries, letters, and editorials have
referred to this variant as a “COX-3” (18-26). The use
of the term “COX-3” is confusing, as it has been
applied to at least two different COX variants. We
believe that the moniker “COX-3” should be reserved
for the product of an independent third COX gene
which clearly has not been yet identified in any spe-
cies. Furthermore, differences between COX-1 and
COX-2 are both genetic and pharmacological. It is,
therefore, necessary for the scientific community to
develop suitable nomenclature for future COX
advancements based on genetic isoforms rather than
simply function as physiological and pathophysiologi-
cal functions of COX appear to have extensive over-
laps. Moreover, as the expression and sequence of this
most recently described COX variant (6) closely
resembles COX-1, the nomenclature should also
reflect this.[Figure 1] In this article the variant COX
enzyme described by Chandrasekharan et al. in 2002
(6) will be termed COX-1V1 in accordance with the
accepted naming pattern utilized in the literature for
COX variants between 1991-1999.

COX-2 SPLICE VARIANT 1 (COX-2V1)

In 1999, Simmons et al. (6) suggested that a third, ace-
taminophen-sensitive isozyme of COX could be
induced in a murine macrophage cell line (J774.2) sub-
ject to chronic COX inhibition with indomethacin,
aspirin, racemic flurbiprofen or diclofenac in a concen-
tration dependent manner. Diclofenac appeared to

induce a COX-2 variant protein, furthermore,
lipolysaccharide also induced a COX-2 protein, how-
ever, only the diclofenac-induced COX-2 variant was
inhibited by acetaminophen. This new enzyme was
not isolated or cloned, but it was determined to be
immunologically related to COX-2. Most COX-2 anti-
bodies are designed to recognize some part of the
amino acid sequence between residues 570-598, which
is unique to COX-2. There is an absence of structural
information provided for the remainder of the COX
sequence in this manuscript, except for some pharma-
cology studies showing differences in NSAID binding
and inhibition. This COX variant was less sensitive to
inhibition by racemic flurbiprofen or tolfenamic acid
both of which are potent inhibitors of COX-1 and
COX-2. Interestingly, aspirin did not inhibit this
diclofenac-induced variant enzyme, suggesting that the
active site of this variant enzyme may be altered. It also
remains possible that a similarly induced enzyme in
vivo is a target for acetaminophen, which leads to sub-
sequent analgesic, and anti-pyretic activity for this
drug. The changes that are responsible for resulting in
this COX variant are not known. This enzyme was
speculated to be a COX-2 variant or a third COX.
There does not seem to have been any published fol-
low up investigations concerning this COX-2 variant
in the literature.

COX-1 SPLICE VARIANT 1 (COX-1V1)

In 2002, acetaminophen was shown to inhibit another
COX strongly expressed in the brain and it was sug-
gested that it might be involved in mediating pain and
perhaps fever (6).  This COX-1 variant was discovered
in dogs when two forms of mRNA for COX-1 were
found in dog brain. A sequence of the proposed “COX-
3” was published and attributed to a clone of the COX-1
gene with alternative splicing, resulting in the retention
of intron-1 in the mature mRNA. Translation of the
RNA results in a COX isozyme with an N-terminal
extension due to intron-1 and the retained signal peptide.
This COX-1 variant (COX-1V1) named “COX-3” in this
publication was then expressed in baculovirus insect
cells to see if this different mRNA would code for a
functional protein. The insect cells produced a novel
COX that produced prostaglandins. The inhibition
parameters of the recombinant protein to various analge-
sics and anti-inflammatory drugs were reported. In addi-
tion, two smaller forms of COX-1, “partial COX”, were
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also determined (PCOX-1a and PCOX-1b). Two con-
centrations of arachidonic acid were used (5 µM and 30
µM) in order to produce PGE2. At the lower concentra-
tion acetaminophen was only a marginally more potent
inhibitor of prostaglandin synthesis in the insect cells
containing COX-1V1 than in cells containing mouse
COX-1 but was much more important in cells containing
mouse COX-2. At high concentrations of arachidonic
acid COX-1V1, inhibition potency was reduced and
eliminated for COX-1 and COX-2. Further, investiga-
tions at low concentrations of arachidonic acid or fol-
lowing stimulation with other stimulants are required to
characterize the selectivity of acetaminophen and other
selective inhibitors of this COX variant isozyme.

It is suggested that the COX-1 gene mRNA is trans-
lated to COX-1 protein in dogs and humans (6).  There
is alternative splicing in the COX-1 gene, so some cells
remove a stretch of the mRNA sequence intron 1.
Other cells included intron 1 to form a COX-1V1 pro-
tein.  Therefore, COX-1V1, dubbed “COX-3”, has the
same sequence as COX-1 except that it retains intron 1.
This retention of intron 1 inserts 30-34 amino acids
depending on the mammalian species.  The retention
of intron 1 could possibly change protein folding and
active site conformation.  PCOX-1a is made from the
COX-1 gene and retains intron 1; however, exons 5-8
are deleted.  PCOX-1b differs in size by 90 nucleotides
to PCOX-1a as it also lacks intron 1.  Both PCOX-1a
and -1b mRNA was expressed in dog brain cortex (6).

Subsequently, the presence of COX-1V1 was examined
in various human tissues for the presence of COX-1V1
mRNA. In humans, COX-1V1 mRNA expression has
shown to be tissue specific and most abundant in the
heart and cerebral cortex at ~5% of normal COX-1;
another faint mRNA band was also detected. COX-
1V1 appears to be more sensitive than COX-1 or
COX-2 to inhibition by acetaminophen and is much
more sensitive to diclofenac, indomethacin, racemic
ibuprofen and aspirin. 

However, production of PGE2 from exogenous arachi-
donic acid, which is indicative of basal COX activities
of the three Sf9 constructs, was significantly different.
Furthermore, two different species including dog and
mice COX enzymes were employed. The COX-1V1
construct was approximately 20% as active as the
COX-1 construct and was only 4% as active as the

COX-2 construct. Therefore, it is difficult to know
whether acetaminophen truly has a greater ability to
inhibit COX-1V1>COX-1>>COX-2, or if the 50%
inhibitory concentrations (IC50's) merely reflect the
variable activities of the Sf9 constructs. Future studies
using constructs with equivalent arachidonic acid utili-
zation should be employed. Employing purified (or
microsomal) preparations of the different COX iso-
forms exhibiting similar specific activities would also
allow a better comparison of the inhibitory potency of
acetaminophen and NSAIDs against the isoforms. Fur-
thermore, it should be noted that in the initial report
canine (COX-1V1) was compared to murine (COX-1)
and murine COX-2 expressed by transected cells.
Interestingly, the DNA sequencing of intron 1 from
dog, human and mouse COX-1 genes displays a high
degree of conservation. 

Predictably, these interesting findings were followed
by various commentaries, reports, and editorials (18-
27). Each commentary also used the “COX-3” appella-
tive; however, some commentaries suggest this new
COX variant is best described as a COX-1b. 

COX-1V1: FURTHER INVESTIGATIONS

O’Brien’s group in Australia (28) followed up on the
COX splice variant work of Kitzler (13) in rats and
investigated the effect of ageing on COX gene expres-
sion in the normal rat stomach. COX-1V1 mRNA lev-
els were lower than COX-1 mRNA levels. COX-1V1

mRNA levels were elevated in adult rats but not
induced after acute gastric injury (28). In a rat colorec-
tal cancer model COX-1V1 mRNA levels were ele-
vated in colorectal tumors and reduced after the
NSAIDs (sulindac and sulindac sulphone) and COX-2
inhibitor (celecoxib) treatment to levels observed in
normal colonic mucosa (29). These data suggests that
COX-1V1 may be regulated by NSAID treatment and
may be affected by the ageing process (13, 29).

The scientific literature is now reacting to the findings
exploring the expression patterns of COX variants.
The expression of putative rat (COX-1V1) mRNA in
primary cultures of neurons, astrocytes, endothelial
cells, pericytes, and choroidal endothelial cells was
demonstrated in rat brain. mRNA of COX-1V1 was
expressed in all cells except neurons with cerebral
endothelial cells having the highest expression. This
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expression did not change after lipopolysachharide
challenge suggesting this enzyme may be constitutive
(30). COX-1V1 mRNA was ~13% the levels of COX-
1 mRNA. A follow-up study by the same group in rat
central nervous system demonstrated COX-1V1
expression was highest in the choroid plexus and spinal
cord followed by pituitary gland, hypothalamus, hip-
pocampus, medulla, cerebellum and cortex. The
mRNA levels were higher in major brain arteries and
dramatically higher in brain microvessels and appeared
to relate to vascular density of a given brain region.
COX-1V1 mRNA was ~30% of the levels of COX-1
mRNA in brain microvessels (31). It remains
unknown if this COX-1V1 mRNA encodes a func-
tional or truncated protein in mice or rats. These ini-
tial findings do not rule out the possibility that COX-1
V1 can be induced by other stimuli or under other
pathophysiological conditions.

A recent publication suggests COX-1V1 mRNA is
present in heart, aorta, lung, brain and cerebellum but
not in whole blood of rat (33). The Western blotting
using a commercially available antibody raised against
canine (COX-1V1) did not detect any immunoreactive
proteins in rat. Acetaminophen was not a selective
inhibitor of “COX” activities in the central nervous
system of the rat. This data is consistent with the
apparent impossibility for expression of COX active
protein from COX-1V1 mRNA in the rat due to frame
shift error. Comparing acetaminophen to other
NSAIDs provided no evidence for acetaminophen
inhibitable COX activity in cerebellum or brain in the
rat (32).

The expression of mRNA encoding a COX-1V1 in the
mouse central nervous system has been suggested (33).
Tissues from C57BL/6 mice were prepared from cortical
tissue after 8 hours intra cortical interleukin (IL)-1β or
vehicle injections and from spleen homogenates, pri-
mary mouse astrocyte and microglial cultures. All tis-
sues exhibited COX-1V1 mRNA but at lower relative
amounts than COX-1 mRNA. The COX-1V1 mRNA
was not significantly induced by an acute inflammatory
stimulus IL-1β. In the mouse, the COX-1V1 product
revealed that the nucleotides of the COX-1 intron are
present and are retained in frame.

“COX-3”: A THEORY WITHOUT 
EXPERIMENTAL EVIDENCE?

Some investigators are now referring to acetami-
nophen as a “COX-3” inhibitor or even a “selective
COX-3 inhibitor” in rat studies (34-35).  The use of
this term has been undertaken without any proof of a
functional “COX-3” rat protein or that acetaminophen
functionally works selectively through such an
enzyme in vivo in any species.

Willoughby et al. (16) suggested a third physiological
form of COX that may be a separate form of COX-1
and -2 based on a late-induced enzyme appearing 48
hours after the start of the inflammatory process,
which may produce prostaglandins involved in the res-
olution of inflammation.  Early produced COX-2
expresses PGE2 while late appearing COX-2 synthe-
sizes mainly PGD2 (36). It is hypothesized that COX-2
functions in resolution of acute inflammatory
responses and that “COX-3” is turned on later in
inflammation and may be involved in the biosynthesis
of endogenous anti-inflammatory mediators. It is spec-
ulated that such an enzyme may induce cyclopenet-
anone prostaglandins and resolvins, which can be
triggered by aspirin treatment (37-38).

COX SINGLE NUCLEOTIDE POLYMORPHISMS

Single nucleotide polymorphisms (SNPs) may be use-
ful in identifying candidate disease genes and individu-
als at risk of disease. Polymorphisms in the COX-1 or -
2 genes could alter enzyme expression, function, and
response to anti-inflammatory drugs. In addition,
increased risks for cancer, hypertension, other diseases
and occurrence of greater side effects due to drugs are
also possible with different SNP’s. Both the COX-1
and COX-2 gene have demonstrated SNP sequences
with rare polymorphisms being identified (39-40). The
demonstration of the low numbers of and rare allelic
variation in functionally important polymorphisms of
COX-1 and COX-2 genes may suggest that because of
the critical roles of these enzymes, SNPs are not likely
to develop. 

For the COX-1 isoform there were at least 18 SNPs
identified with seven resulting in amino-acid changes.
Preliminary allele frequencies suggest these SNPs were
all rare and found in less than 4% of the population
(41). Interestingly, two SNPs heterozygotes (A-842G
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and C50T) demonstrated significantly greater inhibi-
tion of GH2 inhibition by aspirin compared to com-
mon allele homozygotes. However, any
pharmacological or clinical relevance of this SNP has
not been established (40).

For the COX-2 isoform, over twenty different SNPs
have been detected (42, 43).  Preliminary studies of
some of these variants did not reveal any pharmacolog-
ical distinctiveness and their allele frequency estimates
suggest that they are very uncommon. 

In addition, none of these allelic variants segregated
with a particular colorectal disease phenotype (42, 43).
However, more recently, several polymorphisms in
the coding region for COX-1 were examined and an
increased risk for individuals heterozygous for the
COX-1 SNP L15L16-Ldel allele and adenoma risk
among non-users of NSAIDs was identified. 

Moreover, a reduced risk of adenoma among users of
NSAIDs for P17L was reported.(44) More information
on COX-1 and COX-2 SNP’s can be located at the
National Centre for Biotechnology SNP Database
(http://www.ncbi.nlm.nih.gov/SNP).

COX-1 SPLICE VARIANT ANTIBODIES AND 
PRIMERS

It is important that pharmaceutical companies develop
COX reagents, antibodies, primers and screening kits
specific for each variant COX found.  Several compa-
nies now sell COX-1V1 antibodies for mouse, human,
and dog (Table 1). 

These antibodies may only be used in a species-selec-
tive manner, as those raised against one species of
COX-1V1 may possibly not react with other species
COX-1V1 proteins. In addition, there are published
functional primers for rat, mouse, dog and human
studies available (Tables 1 and 2).

Specific inhibitors of COX-1V1 are currently being
developed by several companies, and provision of
them to basic researchers as scientific tools may assist
in determining the functional roles of the COX vari-
ants.

Table 1: Antibodies to COX-1V1

Table 2: PCR Primers Specific for COX-1V1 in Various

Species.

DISCUSSION

Pre-clinical animal models have dramatically increased
our understanding of the functional roles of COX-1
and COX-2 inhibition. Animals are often used as mod-
els for human pain, inflammation, toxicity, and cancer.
It is important to understand the expression and func-
tional roles of COX-variants in animals in order to
develop and test new compounds in the most appropri-
ate animal model for the development of new drugs.

Recent work using transgenic knockout mice deficient
in the isozymes for COX have shed some light on the
specific signalling roles of the two prostaglandin bio-
synthetic pathways defined by these enzymes. The
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functional roles of prostaglandins derived from COX-
1, COX-2, and their variants need to be further eluci-
dated. It is entirely possible that some of the effects of
NSAIDs will be related to their ability to suppress
COX-1V1 and that the prostanoids derived via COX-
1V1 contribute to inflammation, pain, fever, Anti-
Alzheimer’s and anti-cancer effects. Furthermore, it is
possible that PCOXs will also have other relevant
physiological and pathophysiological functions besides
COX. Currently, COX-1 knockout mice are deficient
in both COX-1 and COX-1V1. No specific knockout
mice for each COX variant have been developed. To
functionally test the hypothesis that (COX-1V1) is an
acetaminophen-inhibitable COX is to determine the
effect of this drug in COX-1 knockout mice. The
development of specific COX-1V1 knockout mice may
be technically challenging and may never eventuate.

Many tumours have been shown to over-express
COX-2.  Specific COX-2 inhibitors are currently being
explored for treatment efficacy in various cancers.
Celecoxib has received Food and Drug Administration
approval for the treatment of familial adenomatous
polyposis. Interestingly, there are some other cancers
that over express COX-1 including ovarian adenocarci-
nomas and cervical carcinomas (45, 46). COX-1 activ-
ity also potentiates the differentiation of human acute
promyelocytic leukemia (47). Whether the COX-1V1

variants is expressed in some cancer and its specific
inhibition will demonstrate beneficial anti-cancer activ-
ity remains to be determined. In mice lacking the
COX-1 gene, pyresis is not blunted.  Neither the
COX-1 gene nor the COX-1 protein appears to under-
lie pyresis. COX-2 knockout mice have blunted
pyretic responses and COX-2 inhibitors are effective
anti-pyretic agents (48, 49). In addition, the anatomical
site of fever regulation is the hypothalamus and COX-
1V1 is expressed in the cerebral cortex. However, it
remains possible that COX-1V1 could contribute to
fever response and underlie pyresis.

It is now well established that COX-2 inhibitors have
clinically demonstrated the ability to reduce inflamma-
tion and analgesic response in clinical use. The role of
COX-1 has been conceptually neglected in inflamma-
tion (50, 51). A role for COX-1 in fever may exist and
a role of COX-1 in pain may exist. In a model of post-
operative pain, COX-1 immunoreactivity increased in
glial cells of the spinal cord and intrathecal SC-560 (a

specific COX-1 inhibitor) was effective in inhibiting
pain (52). Whether targeting COX-1V1 specifically in
the spinal cord or development of a specific COX-1V1

inhibitor could prove an effective strategy for certain
types of analgesia and inflammation remains possible.

Interestingly, we have previously demonstrated that
compensatory increases in COX enzymes can occur.
For instance, COX-2 may be up regulated when COX-
1 is inhibited in the stomach (53).  How, when and
why COX-1V1 is increased or decreased or co-regu-
lated with other COX’s and the relevance of these
compensatory increases to physiology and pathophysi-
ology remains to be elucidated.

Dinchuck et al. (54) cloned various COX-1 cDNA’s
and demonstrated that some clones did indeed retain
intron 1. However, they also found that their clones
agreed with human COX-1 intron 1 sequence available
from human genome sequencing effort (accession
NT_017568). Intron 1 is 94 nucleotides long and shifts
the remaining COX-1 variant out of frame with
respect to open reading (51, 54).  In the rat retention of
intron 1 in rat COX-1 would also shift the COX-1V1
sequence out of frame with respect to the open reading
frame resulting in completely different proteins (32).
However, Simmons 2003 (55) suggests alternative poly-
dentation occurs in human COX-1V1, and in spite of
the fact that intron 1 is out of frame; at least part of the
intron is retained in COX-1V1 proteins. It is apparent
that intron-1 is out of frame in rodents and some alter-
native processing event overcomes the effect of the
frame shift in intron-1 to produce intron-1 antibody-
recognized proteins (54). COX-1 polymorphisms were
recently screened for the human COX-1 gene includ-
ing the intron 1 region and no polymorphisms or dele-
tions in intron 1 were determined (41). 

Compensation by ribosomal frame shifting is possible,
although a questionable explanation in producing a
functional COX-1V1 protein.  A 65 kda protein in
human aorta postulate to be COX-1V1 and a ~53 and
50 kD protein postulated to be PCOX1a and b at
~25%, the level of COX-1 has been determined.(6)
Interestingly, COX-1V1 is smaller than predicted for a
glycosylated protein to the same extent as COX-1
which could suggest hypo-glycosylation or other dif-
ferences. Currently, the activities of PCOX1-a & b are
not known (6, 55). It is apparent that more investiga-
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tions must be undertaken on COX-1V1 as some of the
published sequences differ by one nucleotide in intron
1 and hence are out of frame. Whether there are indeed
genuine polymorphisms or sequencing errors in all rel-
evant species utilized in drug development should be
ascertained. Whether ribosomal frame shift occurs in
all species and is responsible for the production of a
functional COX-1V1 protein needs to be further
detailed.

Importantly with the discovery of new COX variants,
it must be recognized that previous voluminous data
on COX-2/COX-1 ratio inhibition in fact involves
COX-2 and its variants:COX-1 and its variants. COX
inhibition data with NSAIDs and COX-2 inhibitors
must bear in mind the discovery of new COX variants,
as previous literature data do not reflect specificity to
each currently known isoform and variant. For
instance the presence of a splice variant may be experi-
mentally important in that it could lead to the overesti-
mation of the amount of COX-1 or COX-2 mRNA on
polymerase chain reaction (PCR) with primers that do
not distinguish the splice variant from COX-1 or
COX-2 or in Northern blots probed with full-length
COX-1cDNA.  This could lead to underestimation of
COX-1 or -2 mRNA and an overestimation of induc-
tion of functional COX mRNA on the Northern
blots.  It is possible that investigations that show no
significant induction of COX-1 or COX-2 mRNA will
be because high basal levels of COX splice variant
mRNA mask induction of COX-1 or -2 mRNA.

CONCLUSIONS

Some recent and exciting scientific discoveries sur-
rounding COX have led to a further conceptual under-
standing and much confusion in the scientific literature
about formation, action, and nomenclature of these
prostanoid-producing enzymes (Figure 1). Currently,
there remain just a handful of research papers available
regarding these COX variant discoveries. Further, two
of these well-recognized and publicised research papers
(5, 6) point scientists in two very different directional
pathways. Temporally “COX-3” was first demon-
strated to be a COX-2 variant (5) then subsequently a
COX-1 variant. Ultimately, however, there is not any
concrete scientific evidence for an actual third indepen-
dent COX gene in the literature to date. Although
COX isoenzymes are currently derived from two dis-

tinct genes, this does not rule out the possibility of
other undiscovered COX genes. With the wisdom of
retrospection we can be confident that both COX-1,
COX-2, and their variants will all demonstrate physio-
logical and pathological roles. Interestingly, there is
organ and tissue-specific alternative splicing of COX-
1V1, which may prove to be an important method of
modulating COX-1 activity. Whether or not a conse-
quential target of acetaminophen activity has been
actually discovered still remains to be seen. 

Perhaps the most pertinent scientific question that
remains to be comprehended surrounding COX is
why are there so many. The determination of this per-
plexity and a swift riposte may lie in our eventual
understanding of the natural substrates for COX other
than arachidonic acid. Optimistically, these COX vari-
ants may eventually lead to more effective pain reliev-
ers, anti-inflammatories, anti-pyretics, anti-cancer
agents, or treatments for Alzheimer’s and other condi-
tions. Undoubtedly, and all of these potential indica-
tions and avenues will surely be exploited (if possible)
by pharmaceutical companies in the future.
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