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xpression of COX-1 and COX-2 in a Clinical Model of
cute Inflammation

sma A. Khan,* Michael Iadarola,* Hsiu-Ying T. Yang,* and Raymond A. Dionne†

National Institute of Dental and Craniofacial Research and
National Institute of Nursing Research, National Institutes of Health, Bethesda, Maryland.

Abstract: Cyclooxygenase (COX) plays an important role in the induction of pain and inflammation
as well as the analgesic actions of NSAIDs and coxibs. This study evaluates the expression of the two
isoforms COX-1 and COX-2 in a clinical model in which the surgical removal of impacted third molars
is used to evaluate the analgesic activity of anti-inflammatory drugs. A 3-mm punch biopsy was
performed on the oral mucosa overlying 1 impacted third molar immediately before extraction of 2
impacted lower third molars. After the second tooth was extracted, a second biopsy was performed
adjacent to the surgical site either immediately after surgery or 30, 60, or 120 minutes after surgery.
RNA was extracted from the biopsy specimens, and RT-PCR was performed to assess mRNA levels of
COX-1, COX-2, and glyceraldehyde-3-phosphate dehydrogenase (G3PDH). The RT-PCR products in the
biopsy specimens were normalized to G3PDH and compared with baseline. COX-2 mRNA was pro-
gressively increased at 30, 60, and 120 minutes after surgery (P < .05); COX-1 mRNA was transiently
decreased at 60 minutes during the postsurgical period (P < .05). The results demonstrate peripheral
elevation of COX-2 after tissue injury, which may contribute to increased prostaglandin E2 at the site
of injury, pain onset, and the analgesic activity of both nonselective NSAIDs and selective COX-2
inhibitors.
Perspective: This clinical study uses a physiologically relevant model to determine the time course of
expression of COX-1 and COX-2 in acute inflammation of the human oral mucosa. This study furthers
our understanding of the contribution of the COX isoforms to acute pain.

© 2007 by the American Pain Society
Key words: COX-1, COX-2, cyclooxygenase, inflammation, lipopolysaccharides, NSAID, prostaglandin,

polymorphonuclear.
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yclooxygenase (COX), also known as prostaglandin
H synthase, is the key enzyme in the synthesis of
prostaglandins (PGs). Elucidation of the 2 COX iso-

orms gave rise to the concept that the constitutive en-
yme COX-1 was responsible for the production of the
Gs with homeostatic functions in tissues such as the
tomach, kidney, and platelets, whereas COX-2, the in-
ucible enzyme, was responsible for the production of
he proinflammatory PGs.15,26,32

There is extensive evidence based on animal as well as
uman studies supporting the role of COX-2 in the de-
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elopment of inflammation.26,31,33 Animal models of
nflammation have demonstrated that COX-2 mRNA and
rotein as well as PGs increase in a time-dependent man-
er that parallels the inflammatory process.1 Inflamma-
ory cytokines and endotoxins can induce a 10- to 80-fold
ncrease in the level of COX-2 expression in monocytes,

acrophages, chondrocytes, fibroblasts, and endothelial
ells.1,2 The contribution of COX-2 to inflammation is
urther supported by demonstration that the expression
f COX-2 and production of PGs can be inhibited by anti-

nflammatory cytokines and glucocorticoids.6,24

The concept that COX-2 is the only COX isoform in-
olved in inflammation has been challenged by a num-
er of studies.8,10,22,34 It is now believed that COX-1 is
esponsible for the initial prostanoid response to inflam-
atory stimuli, whereas COX-2 becomes the major

ontributor to prostanoid synthesis as inflammation
rogresses.9,15,23,30 PGE2 can be produced by PGE syn-

hase from many different cell types including neurons,
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350 COX Expression
ndothelial cells, and neutrophils. PGE2 released in in-
amed tissue sensitizes the terminals of afferent nerve
bers, thereby enhancing nociceptive processing within
he spinal cord and brain to evoke hyperalgesia.28 COX-1
RNA has a half-life of about 12 to 15 hours, whereas
OX-2 has a shorter half-life of less than 3.5 hours,18 sug-
esting a close temporal link between tissue injury,
OX-2 expression, and elevated PGE2 in comparison to
onstitutively expressed COX-1.
A previous study in the oral surgery model demon-

trated differential production of products of COX-1
thromboxane B2, the stable metabolite of thromboxane

2) and PGE2 production mediated by both COX-1 and
OX-2. The selective COX-2 inhibitor celecoxib did not
ave any detectable effect on thromboxane B2 levels and
nly suppressed PGE2 levels from 120 to 240 minutes
fter oral surgery.14 A similar time course of action was
lso demonstrated for rofecoxib in the oral surgery
odel, with the effects of the selective COX-2 inhibitor
eing seen at 60 to 240 minutes after surgery (based on
npublished observations). These data suggest that the
xpression of COX-2 after tissue injury takes 1 to 2 hours
o produce increased prostanoid levels that contribute to
ain and the acute inflammatory process. We conducted
study to examine the in vivo expression of COX-1 and
OX-2 in the human oral mucosa before and after post-
urgical trauma and the onset of inflammation. Our re-
ults demonstrate that COX-2 mRNA rapidly increases in

time-dependent manner after surgery, whereas the
evel of COX-1 mRNA transiently decreases but otherwise
hows no sustained alteration during the postsurgical
eriod.

aterials and Methods

ubjects and Study Design
The study was approved by the Institutional Review
oard, National Institute of Dental and Craniofacial Re-
earch, National Institutes of Health. Informed consent
as obtained from all subjects. Subjects, 16 years or
lder, were enrolled as outpatients and underwent sur-
ical removal of impacted mandibular third molars. In-
lusion criteria were the presence of 2 mandibular third
olars, classified as partial or full bony impaction by clin-

cal and radiographic examination. Exclusion criteria in-
luded the presence of infection or inflammation at ei-
her of the 2 extraction sites as determined by clinical
xamination. Subjects who were pregnant or nursing

able 1. Sequence of Primers Used and Their P
GENE SEQUENCE OF PRIMERS (5= TO 3=) PROD

OX-1 Forward-CAGACGACCCGCCTCATCCTCATAG
Reverse-GCCTCAACCCCATAGTCCACCAACA

OX-2 Forward-TGGGAAGCCTTCTCTAACCTCTCCT
Reverse-CTTTGACTGTGGGAGGATACATCTC

3DPH Forward-GACCCCTTCATTGACCTCAACTAC

Reverse-CATCGCCCCACTTGATTTTG
ere excluded from the study, as were those taking an-
idepressants, diuretics, aspirin, coumadin, or any other
nticoagulants and any drugs such as steroids, which
ight influence pain report or the synthesis and activity

f COX.
Preoperative and postoperative punch biopsies were
btained from each subject. The preoperative biopsy
as performed from the oral mucosa overlying 1 im-
acted third molar, immediately before the surgical ex-
raction. After this, both mandibular third molars were
emoved and the postoperative biopsy was obtained
rom the other extraction site. Subjects (n � 10 per
roup) were randomly allocated with respect to the sec-
nd biopsy into 1 of 4 groups: (1) time 0, immediately
fter surgery (n � 10); (2) 30 minutes after surgery (n �
3); (3) 60 minutes after surgery (n � 10); or (4) 120
inutes after surgery (n � 10).

NA Extraction and RT-PCR Analysis
The samples were immediately frozen and maintained

t �80°C. Total RNA was extracted by using the RNeasy
NA extraction kit (Qiagen; Valencia, CA). RNA yield was
uantified by using the RiboGreen RNA Quantitation Kit
Molecular Probes; Eugene, OR). The RNA yield was
46 � 42 ng/mg tissue weight. RT-PCR was carried out by
sing the Access RT-PCR system (Promega; Madison, WI).
rimer sequences and assay parameters are given in Ta-
le 1.
The program used for RT-PCR on a thermocycler (Robo-

ycler Gradient 96; Stratagene, La Jolla, CA) consisted of
8°C for 45 minutes and 94°C for 2 minutes for the syn-
hesis of first-strand cDNA by reverse transcriptase, fol-
owed by 40 cycles of a denaturation step at 94°C for 30
econds, an annealing step at 55°C for 1 minute, and an
xtension step at 68°C for 2 minutes for amplification of
DNA reverse transcribed from COX-2 mRNA. The final
xtension was done at 72°C for 7 minutes. The program
or COX-1 was similar except that the extension was
one at 72°C. For G3DPH, the extension and the final
xtension were done at 68°C. The amount of RNA tem-
late and number of cycles that would yield relative val-
es in the linear range of amplification for each target
ranscript in the RT-PCR were determined by preliminary
xperiments. Each group of RT-PCR experiments in-
luded a negative control in which the extracted RNA
as replaced by RNase-free water.
The PCR products were detected by electrophoresis in

% agarose gels visualized with ethidium bromide stain-

ct Length
ENGTH (BP) RNA TEMPLATE (ng) NUMBER OF CYCLES FOR PCR

75 4 40

88 8 40

67 2 26
rodu
UCT L

2

3

1
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ng. A fluorescence imaging system (AlphaImager; Alpha
nnotech Corp., San Leandro, CA) was used to acquire the
mage of the fluorescent bands. Analysis of band inten-
ity was performed on a Macintosh computer, using the
ublic domain NIH Image program (developed at the
.S. National Institutes of Health and available on the

nternet at http://rsb.info.nih.gov/nih-image). The RT-
CR products were normalized to G3PDH, and the results
f postsurgical biopsies were compared with those of
resurgical biopsies.

tatistical Analysis
Changes in the ratio of COX-1/G3PDH and COX-2/
3PDH over time were compared with ratios in the pre-

urgical biopsies. A permutation test for 2 related sam-
les tested for change over time in levels of each COX

soforms was performed with post hoc testing to deter-
ine if any time points differed from baseline. Statis-

ical analyses were performed with SPSS 6.1 (SPSS; Chi-
ago, IL).

esults

ubjects
The study sample consisted of 43 usable subjects dis-

ributed among the treatment groups (Table 2). The
ean age, 20 years, is characteristic of the young adult
opulation undergoing the removal of impacted third
olars. Subjects in the 4 groups did not differ in terms of

igure 1. Representative products of the RT-PCR for COX-2,
OX-1, and G3PDH. Notice that COX-2 is either not detectable in
he presurgical biopsy specimens or is barely detected and is
nduced at 30, 60, and 120 minutes after surgery in these sam-
les. In contrast, COX-1 was detected at all time points exam-

able 2. Demographic and Surgical Features of
TIME OF BIOPSY FROM

END OF SURGERY (MIN) N AGE (YEARS) S

0 10 19.0 � 3.9
30 13 18.9 � 3.5
60 10 23.1 � 5.9

120 10 19.0 � 3.3

Extraction difficulty is the sum calculated by assigning a score of (2) for soft tis
ned. a
emographic and surgical factors such as extraction dif-
culty, the dose of midazolam, or the amount of lido-
aine administered, which could affect the outcome of
he study.

OX-2 mRNA
Under the conditions used, COX-2 expression in the
reoperative biopsy specimens was either not detectable
r was seen as a faint band (Fig 1). Low levels of COX-2
essage were detected in 51% of the presurgical biopsy

pecimens. The ratio of COX-2 mRNA/G3PDH mRNA in
iopsy specimens obtained at time 0 immediately after
urgery did not differ from that in the presurgical biop-
ies. Biopsy specimens collected at 30, 60, and 120 min-
tes after surgery demonstrated a progressive significant

ncreases (P � .01) in the level of COX-2 message over
ime as compared with preoperative levels (Figs 1 and 2).
he presence of additional bands in Fig 1 probably is due
o the large number of PCR cycles needed to detect
OX-2.

OX-1 mRNA
The COX-1 transcript was detected in all the presurgi-

al and postsurgical biopsy specimens (Figs 1 and 3). The
atio of COX-1 mRNA/G3PDH mRNA in the biopsy speci-
ens collected immediately after surgery did not differ

ignificantly from that of the preoperative biopsy speci-
ens (Fig 3). We detected a significant decrease in the

atio of COX-1 mRNA/G3PDH mRNA in samples collected
t 60 minutes after surgery, as compared with baseline

Patient Sample

/F
EXTRACTION

DIFFICULTY*
MIDAZOLAM

DOSE (MG)
LIDOCAINE

DOSE (MG)

6.4 � 1.6 4.5 � 0.7 155.6 � 13
6.5 � 1.1 4.3 � 0.7 144.8 � 30
7.0 � 1.2 4.7 � 0.5 164.0 � 25
7.0 � 1.2 4.6 � 0.6 162.0 � 26

pactions, (3) for partial bony impactions, and (4) for full bony impactions.
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igure 2. Change in the ratio of COX-2 mRNA/G3PDHmRNA in
he postoperative biopsy specimens as compared with the pre-
perative biopsy specimens. “0” represents biopsy specimens
hat were obtained immediately after surgery. A significant in-
rease was detected in the biopsy specimens obtained at 30, 60,
the

EX M

6/4
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nd 120 minutes after surgery. *P � .05.
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352 COX Expression
P � .05). The level of COX-1 mRNA was numerically
ower at 30 and 120 minutes after surgery, as compared
ith baseline, but was not statistically significant. No

onsistent change was observed with G3PDH.

iscussion
It is widely accepted that COX-1 is responsible for the

mmediate prostanoid response to inflammatory stimuli,
hereas COX-2 becomes the primary contributor to pro-

tanoid synthesis as inflammation progresses. The results
f this study are supportive of this concept as we dem-
nstrate COX-1 message at baseline and throughout the
ostoperative period in comparison to negligible COX-2
essage before surgery with an increase in the level of
OX-2 message during the postsurgical period.
This study demonstrates a significant decrease in the

evel of COX-1 mRNA in biopsy specimens obtained 60
inutes after surgery (P � .05), as compared with the

evel of COX-1 in preoperative biopsy specimens. Prior
tudies have reported that the level of COX-1 mRNA and
rotein in the peripheral tissues do not change during
cute inflammation.26,31 It is conceivable that the dis-
repancy between these reports and our data is due to
ifferences in the types of stimuli used and in the tissue
xamined. Liu et al17 report a 2- to 5-fold decrease in the
evel of COX-1 mRNA in the myocardial and pleural tis-
ues of rats after systemic administration of lipopolysac-
harides (LPS). A similar study reported a decrease in
OX-1 mRNA in the rodent renal medulla 1 hour after

njection of LPS.13 Although these data support our ob-
ervations, the systemic administration of LPS is a model
f sepsis and may not be reflective of the physiological
hanges of postsurgical trauma and acute inflammation.

subsequent study in the oral surgery model16 using
uantitative real-time PCR in a larger sample replicated
he observed decrease in COX-1 mRNA in the immediate
ostoperative period, suggesting that acute tissue injury
nd inflammation in humans not only stimulates in-
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igure 3. Change in the ratio of COX-1 mRNA/G3PDH mRNA in
he postsurgical biopsy specimens as compared with the presur-
ical ones. “0” represents biopsy specimens that were obtained

mmediately after surgery. A significant decrease in COX-1
RNA was detected at 60 minutes after surgery. *P � .05.
reased COX-2 mRNA but also transiently inhibits COX-1 m
RNA transcription similar to immune stimuli such as
PS.13,17

The results from this study clearly demonstrate in-
reased expression of COX-2 after the induction of in-
ammation. Previous studies examining the levels of
GE2 in the extraction sites after oral surgery demon-
trate a decrease in PGE2 levels in the immediate postop-
rative period10,14 followed by an increase, which is co-
ncident with report of moderate to severe pain.10,14,25

lthough the relative contributions of COX-1 and COX-2
o PGE2 production are not known, it is likely that COX-2
s primarily responsible for the increased levels of PGE2,
ut with continued production of PGE2 by COX-1.
COX-2 is induced in cultured gingival fibroblasts after

pplication of proinflamatory agents such as interleu-
in-1� (IL-1�), LPS, and bradykinin.19,21,22,37 The in-
reased expression of COX-2 in fibroblasts results in en-
anced synthesis of PGE2.22,35-37 The same phenomenon
an be observed in endothelial cells on induction with
L-1�.11 Polymorphonuclear cells also upregulate COX-2
xpression in experimental systems after LPS stimula-
ion.19 Taken together with our results, it appears that
fter tissue trauma, mainly 3 types of cells contribute to
OX-2 induction and subsequently to PG synthesis: the
esident fibroblasts and endothelial cells as well as the
nvading PMNs. The increased levels of PGs may in turn
nfluence the maintenance of nociceptive processes in
ostoperative pain.
The oral surgery model is a useful and reproducible
odel of acute pain, widely used in analgesic research.3,4

dapting microdialysis to the oral surgery model has fa-
ilitated examination of the relations among mediators
f inflammation, pain report, and analgesic activity in
umans.5,12,25,29 The results of previous studies using mi-
rodialysis and the oral surgery model demonstrated in-
reased PGE2 production at later time points during the
ostoperative period (120 to 240 minutes) suggestive of

ncreased COX activity. The present study supports these
bservations by demonstrating increased COX-2 expres-
ion with negligible changes in COX-1 expression at the
ame time points. This increase in COX-2 expression also
uggests a role of this isoform in the inflammatory
esponse and subsequent resolution of tissue injury
nd repair, although the exact role needs clarifica-
ion.7,27 Taken together with previous demonstrations
f a PGE2 time course after surgery,10 differential effects
f coxibs on biomarkers for COX-1 and COX-214 (and
ased on unpublished observations) and the ability to
imultaneously measure pain and analgesia in humans
upport the utility and clinical relevance of the oral sur-
ery model for mechanistic studies of inflammation.
To conclude, this study demonstrated the induction of
OX-2 mRNA in acute inflammation in humans. The use
f a physiologically relevant model of acute inflamma-
ion further enhances the generalizability of these find-
ngs, which are relevant to other types of acute inflam-
atory pain.
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