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Am J Physiol Cell Physiol 280: C701–C708, 2001.—KAT-50,
an established human thyrocyte cell line, expresses constitu-
tively high levels of prostaglandin endoperoxide H syn-
thase-2 (PGHS-2), the inflammatory cyclooxygenase. Here,
we examine primary human thyrocytes. We find that they,
too, express PGHS-2 mRNA and protein under control cul-
ture conditions. A substantial fraction of the basal prosta-
glandin E2 (PGE2) produced by these cells can be inhibited by
SC-58125 (5 mM), a PGHS-2-selective inhibitor. Interleukin
(IL)-1b (10 ng/ml) induces PGHS-2 expression and PGE2
production in primary thyrocytes. The induction of PGHS-2
and PGE2 synthesis by IL-1b could be blocked by glucocorti-
coid treatment. Unlike KAT-50, most of the culture strains
also express PGHS-1 protein. Our observations suggest that
both cyclooxygenase isoforms may have functional roles in
primary human thyroid epithelial cells, and PGHS-2 might
predominate under basal and cytokine-activated culture con-
ditions.

prostanoid; inflammation; cyclooxygenase

THYROID TISSUE IS A FREQUENT target of neoplastic and
inflammatory diseases. The high prevalence of nonen-
demic goiter, thyroid neoplasia, and autoimmune dis-
eases such as Hashimoto’s thyroiditis and Graves’ dis-
ease has provoked substantial investigation into the
pathogenesis of thyroid inflammation. However, our
understanding of these diseases remains superficial
and incomplete. Moreover, the inflammatory media-
tors expressed in thyroid tissue in physiological states
and in disease have yet to be defined in detail.

The eicosanoid biosynthetic pathways are important
components of the inflammatory machinery that uti-
lize arachidonate as the principal substrate. Arachid-
onate is a 20-carbon polyunsaturated fatty acid liber-
ated from plasma membrane phospholipids by the
action of phospholipase A2 (PLA2) (28). Prostaglandins
are formed by the cyclic oxygenation and subsequent
peroxidation of the central 5 carbon of arachidonate (6,

27). These two rate-limiting steps are catalyzed by
prostaglandin endoperoxidase H synthase (PGHS, EC
1.14.99.1), also known as cyclooxygenase (27). Two
isoforms of PGHS have been identified and cloned.
They are designated PGHS-1 and PGHS-2. Both iso-
forms are membrane bound, heavily glycosylated, and
contain heme prosthetic groups. They have very simi-
lar protein X-ray crystallographic structures (19, 27).
PGHS-1 is constitutively expressed in most cell types
and is thought to be responsible for a substantial frac-
tion of unprovoked prostaglandin production (26, 27).
In contrast, PGHS-2, also known as the inflammatory
cyclooxygenase, is not expressed ordinarily in most
tissues but can be induced by growth factors, tumor
promoters, and cytokines (3, 11, 13, 18, 24, 32) and,
thus, is thought to be responsible for prostaglandin
production in inflammation.

The pattern of expression and the functional roles of
PGHS enzymes and prostaglandins in normal and dis-
eased thyroid tissue are poorly characterized. Products
of PGHS enzymes have been implicated in the media-
tion of certain thyrotropin actions in thyroid epithelial
cells, but details concerning the expression of cyclooxy-
genases in these cells remain ill defined. Recent studies
have suggested that the arachidonate cascade and
PGHS-2 expression may have a significant involve-
ment in the regulation of cell growth, apoptosis, and
tumorgenesis in various cell types (4–6, 8, 14, 21, 23,
28, 33). Thus there is considerable reason to implicate
PGHS as participating in several normal and patho-
logical facets of thyrocyte biology.

Constitutive PGHS-2 expression has been found in
few tissues and cell types. These include certain re-
gions of the brain (35), the macula densa of the kidney
(12), bronchial epithelium (1), and pancreatic beta islet
(20), granulosa (16), and hepatic stellate cells (9). We
have reported recently that normal human thyroid
epithelium in situ and the well-differentiated human
thyroid epithelial cell line, KAT-50, express high levels
of PGHS-2 under basal, nonpathological conditions
(25). Those studies revealed that factors usually asso-
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ciated with PGHS-2 upregulation, including interleu-
kin (IL)-1b and serum, lower PGHS-2 expression tran-
siently in KAT-50 cells (25). The biological implications
of constitutive PGHS-2 expression in human thyroid
epithelium are unclear, but findings to date suggest
that the enzyme may play an important role in the
healthy thyroid.

We report here the results of studies examining
PGHS expression and activity in primary thyroid epi-
thelial cell cultures derived from donors with several
thyroid diseases and from normal appearing tissue.
Like KAT-50 cells, these thyrocytes express PGHS-2
mRNA and protein under basal culture conditions.
Moreover, an appreciable fraction of unprovoked pros-
taglandin E2 (PGE2) is attributable to the activity of
PGHS-2. These observations demonstrate the complex-
ity with which PGHS genes are expressed, regulated,
and utilized in human thyroid epithelial cells.

MATERIALS AND METHODS

Materials. Dispase I was purchased from Boehringer
Mannheim (Mannheim, Germany), and collagenase was from
Worthington Biochemical (Lakewood, NJ). The basic DAB
detection kit, mouse anti-human pan-keratin antibody
(clones AE1/AE3/PCK26), anti-human actin antibody (clone
HUC 1–1), and mouse Ig-negative reagent (clone MOPC 21)
were purchased from Ventanna Medical Systems (Tucson,
Arizona). The mouse anti-human CD31 antibody (clones SC/
70A) was purchased from Dako (Carpiteria, CA). Arachido-
nate and dexamethasone (1,4 pregnadien-9-fluoro-16a-meth-
yl-11b, 17a,21-triol-3,20-dione) were from Sigma (St. Louis,
MO). Anti-PGHS-1 and anti-PGHS-2 monoclonal antibodies
were obtained from Cayman (Ann Arbor, MI) and IL-1b from
Biosource (Camarillo, CA). SC-58125 was a generous gift of
Searle/Monsanto, and PGHS-1 and -2 cDNAs were gener-
ously provided by Dr. D. A. Young (Univ. of Rochester,
Rochester, NY).

Primary thyrocyte isolation and culture. These activities
were approved by the Institutional Review Board of the
Albany Medical Center. Thyroid tissue was obtained as sur-
gical waste from patients undergoing thyroidectomies for the
treatment of a variety of thyroid conditions. These included
Graves’ disease, Hashimoto’s thyroiditis, multinodular goi-
ter, and thyroid adenomas and carcinomas. Tissue from
glands harboring distant neoplasms was normal appearing
on gross examination. Thyroid specimens were incubated in
Hanks’ balanced salt solution (HBSS) on ice and processed
within 1 h of harvest. Tissues were trimmed of connective
tissue, finely minced, and washed four times with HBSS.
Minced tissue was incubated at 37°C in HBSS that contained
collagenase type A (130 U/ml) and Dispase grade I (0.5 U/ml)
for 1 h. The tissue remaining intact was reincubated in fresh
enzyme mixture for 30-min intervals until all fragments were
digested. The cellular mixture that contained liberated folli-
cles was centrifuged at 200 g for 2 min, and the resulting
pellet was resuspended in RPMI medium and allowed to
sediment with gravity for 1 h. The supernatant (containing
single cells) was discarded, and the sedimented follicles were
collected, pooled, resuspended in RPMI, and filtered through
a 200-mm nylon mesh. The twice-washed follicles were resus-
pended in 4 ml medium and incubated overnight in plastic
culture plates coated with agar (2%; Sigma). Intact follicles
were then pipetted into 25-mm plastic flasks. Follicles at-
tached to the flask surface, and monolayer cultures devel-
oped. Cells were maintained in a humidified 5% CO2 incuba-

tor at 37°C covered with RPMI supplemented with 10% fetal
bovine serum (FBS), penicillin (50 U/ml), and streptomycin
(50 mg/ml). Medium was changed every 3–4 days, and cells
were passaged with gentle trypsin treatment and utilized
between the second and sixth passages. Experiments were
performed on confluent monolayers, in most cases, within 1
wk of passage and seeding. KAT-50 cells were a generous gift
from Dr. K. Ain (Univ. of Kentucky, Lexington, KY). These
were provided to us at passage 8 in January 1997 and were
covered with MEM and utilized between passages 10 and 35.

Immunohistochemistry. A sample of the cultured primary
thyrocytes was trypsinized and washed in PBS. Cells were
then fixed in 95% ethyl alcohol for 30 min and embedded in
paraffin. Four micrometers of cell block sections were cut and
placed in the reaction chamber of a Ventanna ES automated
immunohistochemistry system (Ventanna Medical Systems)
that uses an indirect biotin-avidin detection method. Endog-
enous peroxidase activity was blocked with 1% H2O2. The
slides were incubated with a primary antibody for 32 min at
37°C followed by a biotinylated secondary antibody for 8 min
at 37°C. Avidin-horseradish peroxidase and diaminobenzi-
dine were followed by copper sulfate enhancement and coun-
terstaining with hematoxylin. To confirm the specificity of
the primary antibody, negative control slides were run using
a negative control reagent for the same incubation time as
the primary antibody. Slides were dehydrated, coverslipped,
and evaluated by light microscopy.

Western blot analysis. Standard immunoblot techniques
were utilized to determine cyclooxygenase protein levels.
Confluent monolayers in 60-mm-diameter plates were
shifted to medium that contained 1% FBS for 16 h before
initiation of experimental treatments. After incubation with
test compounds, plates were rinsed with PBS and harvested
in a buffer that contained 15 mM 3-[(3-cholamidopropyl)di-
methylammonio]-1-propanesulfonate, 1 mM EDTA, 20 mM
Tris, 10 mg/ml soybean trypsin inhibitor, 5 ml/ml Nonidet
P-40, and 10 mM phenylmethylsulfonyl fluoride. Lysates
were taken up in Laemmli buffer and subjected to SDS-
polyacrylamide gel electrophoresis (SDS-PAGE), and the sep-
arated proteins were transferred to a polyviniledene difluo-
ride membrane (Millipore, Bedford, MA). The membrane was
incubated with monoclonal anti-human PGHS-1 or -2 anti-
bodies at RT for 2 h, washed, reincubated with peroxidase-
labeled secondary antibodies for 2 h at RT, and rewashed.
The ECL-Plus system (Amersham Pharmacia Biotech, Pis-
cataway, NJ) was then used to generate the specific signals,
which were captured on X-OMAT film (Kodak, Rochester,
NY) and quantitated densitometrically with a BioImage (Mil-
ligen, Ann Arbor, MI) scanner.

Northern blot analysis. To determine the steady-state lev-
els of PGHS mRNAs, confluent thyrocyte monolayers in 100-
mm-diameter plates were shifted to medium supplemented
with 1% FBS for 16 h before experimental manipulation.
Plates were then rinsed, and cellular RNA was extracted,
precipitated, and solubilized in diethyl pyrocarbonate-
treated water using the RNA isolation system (ULTRASPEC;
Biotecx, Houston, TX) as we have described previously (25).
Equal amounts of RNA (usually 30 mg) were electrophoresed
in 1% agarose (GIBCO BRL)-formaldehyde gels and trans-
ferred to Zetaprobe membrane (Bio-Rad). Before transfer,
ethidium bromide staining was performed to verify the in-
tegrity of the electrophoresed RNA. 32P-labeled PGHS-1 and
PGHS-2 cDNA probes were generated using a random
primer labeling kit (Bio-Rad). The membrane was incubated
with the probe in a hybridization solution [203 SSC (stan-
dard sodium citrate), 53 Denhardt’s solution, 50% form-
amide, 1 M phosphate buffer, 10% SDS, and 0.25 mg/ml
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sheared, denatured salmon sperm DNA (Amresco, Solon,
OH)] at 42°C overnight. After high-stringency washing,
membranes were exposed to X-OMAT AR film at 220°C. To
normalize the amount of RNA transferred, the membranes
were stripped according to the manufacturer’s guidelines and
rehybridized with a radiolabled human glyceraldehyde-3-
phosphate dehydrogenase probe.

PGE2 assay. PGE2 levels were determined using a radio-
immunoassay (Amersham Pharmacia Biotech). Confluent
monolayers in 24-well plates were shifted to 1% FBS for 16 h
before experimental manipulations. All treatments were per-
formed in triplicate culture wells. Half an hour before culture
harvest, medium was removed and replaced with PBS sup-
plemented with the respective test compounds. PBS was
removed and subjected to PGE2 assay following the manu-
facturer’s instructions. Data are expressed as means 6 SE of
PGE2 levels from triplicate cultures.

RESULTS

Primary thyrocyte immunohistochemical analysis.
The strategy employed to isolate primary thyrocytes
yielded cells of a consistent morphology that were ca-
pable of replication in culture. A typical preparation is
shown in Fig. 1. We next determined whether the
cultures of primary thyrocytes contained other cell
types. Cells were stained as described in MATERIALS AND

METHODS. As is evident in the photomicrograph con-
tained in Fig. 1A, the primary thyrocytes, in this case
from a patient with Hashimoto’s thyroiditis, stained
strongly with antibodies against the epithelial cell
marker, cytokeratin. Conversely, the cells failed to
exhibit immunoreactivity for the endothelial cell
marker, CD31 (Fig. 1C). Less than 5% of cells stained
for muscle-specific actin (Fig. 1D), likely signifying the
rare presence of myofibroblasts. These cells could be

passaged several times and retained the phenotype
that we observed immediately following their isolation
from the tissue. Moreover, the growth patterns were
invariant with regard to whether they derived from
normal or diseased thyroid tissue.

PGHS-1 and PGHS-2 mRNA expression in cultured
primary thyroid follicular cells and KAT-50 cells. Near-
confluent monolayers of primary thyrocytes were ex-
amined by Northern blot analysis for the expression of
PGHS-1 and PGHS-2 mRNAs. Both transcripts could
be detected under basal culture conditions in these
cells (Fig. 2). This constitutive expression of mRNAs
for both isoforms is consistent with our findings in
KAT-50 cells (25). PGHS-1 mRNA levels were unaf-
fected by the addition of IL-1b (10 ng/ml) or dexameth-
asone (10 mM) to the medium for 6 h. In contrast, the
levels of PGHS-2 mRNA were upregulated dramati-
cally by IL-1b. Cytokine treatment for 6 h resulted in a
24-fold increase in the levels of this transcript, which
migrated as a 5.0-kb band, in primary thyrocytes. The
induction of PGHS-2 mRNA contrasts with our find-
ings in KAT-50 cells, where IL-1b downregulates the
high constitutive levels of expression (25). Dexameth-
asone failed to influence the basal PGHS-2 mRNA
levels when added alone. When the steroid was added
in combination with IL-1b, the cytokine’s induction of
PGHS-2 mRNA was attenuated by .50% (Fig. 2). In
KAT-50 cells, dexamethasone diminished significantly
the basal PGHS-2 mRNA levels (25).

PGHS-1 and PGHS-2 protein expression in cultured
primary thyroid follicular cells and KAT-50 cells. We
next examined whether the pattern of PGHS mRNA
expression observed in thyrocytes corresponded with

Fig. 1. Thyrocyte immunohistochemi-
cal staining. Thyrocytes were cultured
as described in MATERIALS AND METH-
ODS. They were then trypsinized, col-
lected, and stained with a primary an-
tibody followed by a biotinylated
secondary antibody. The cells, in this
case from a patient with Hashimoto’s
thyroiditis (A), demonstrate strong,
diffuse cytoplasmic immunoreactivity
for cytokeratin. B: negative control. C:
cells do not stain for CD31. D: fewer
than 5% of cells stain for actin.
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that of the encoded cyclooxygenase proteins. Near-
confluent monolayers were shifted to medium supple-
mented with 1% FBS without or with the test com-
pounds. Cell proteins were subjected to SDS-PAGE
and examined by Western blot analysis for expression
of PGHS-1 and PGHS-2. We found that KAT-50 cells
fail to express PGHS-1 protein under any culture con-
ditions, despite high levels of PGHS-1 mRNA (25). In
contrast, some of the primary thyrocytes express abun-
dant PGHS-1 protein under these same basal culture
conditions (Fig. 3A). Moreover, these levels are unal-
tered by IL-1b (10 ng/ml) or dexamethasone (10 mM).

Primary thyrocytes express PGHS-2 protein under
basal culture conditions (Figs. 3 and 4). The levels of
expression are considerably lower than those observed
in KAT-50 cells (Figs. 3C and 4). When thyrocytes are
treated with IL-1b (10 ng/ml), the levels of PGHS-2 are
induced dramatically. Adding the cytokine in combina-
tion with dexamethasone (10 mM) resulted in a mark-
edly attenuated IL-1b induction of PGHS-2. The ste-
roid had little effect on constitutive PGHS-2 protein
expression in these thyrocytes (Fig. 3A). The induction
of PGHS-2 protein by IL-1b was time dependent. As
can be seen in Fig. 3B, by 6 h of cytokine addition to the
medium, there is a 100-fold increase in PGHS-2 ex-

pression that is maintained for at least 48 h, the
duration of the study. In contrast, IL-1b transiently
attenuated constitutive PGHS-2 expression in KAT-50
cells (Fig. 3C). The levels were decreased by 70% after

Fig. 3. Effects of IL-1b, dexamethasone, and 10% FBS on PGHS-1
and PGHS-2 protein expression in primary thyrocytes. Near-conflu-
ent monolayers were shifted to RPMI medium containing 1% FBS for
16 h. After incubation with the test compounds indicated, they were
washed, and cell proteins were solubilized, subjected to SDS-PAGE,
and examined by Western blot analysis for expression of PGHS-1
and -2 protein. Signals were generated using the enhanced chemilu-
minescence (ECL) system and captured on film, and the resulting
band intensities were determined by scanning densitometry. A: thy-
rocytes were derived from a patient with Graves’ disease and treated
for 12 h with IL-1b (10 ng/ml), dexamethasone (10 mM), or 10% FBS
alone or in combination. B: primary thyrocytes derived from a pa-
tient with Graves’ disease were treated with IL-1b (10 ng/ml) for
specified periods up to 48 h. C: KAT-50 cells treated with IL-1b (10
ng/ml) results in transient downregulation of constitutive PGHS-2
expression.

Fig. 2. Effects of interleukin (IL)-1b and dexamethasone (Dex) on
the expression of prostaglandin endoperoxide H synthase (PGHS)-1
and PGHS-2 mRNA levels in primary thyrocytes. Thyrocytes, in this
case from a patient with multinodular goiter, were allowed to pro-
liferate to near confluence in RPMI medium containing 10% fetal
bovine serum (FBS). They were then shifted to medium with 1%
serum for 16 h and then nothing (control), IL-1b (10 ng/ml), or
dexamethasone (10 mM) alone or in combination with IL-1b for 6 h.
Monolayers were rinsed and cellular RNA was extracted as described
in MATERIALS AND METHODS and subjected to Northern hybridization
with cDNA probes for PGHS-1 and PGHS-2. RNA/DNA hybrids were
analyzed with autoradiography, and the membranes were stripped
and rehybridized with a glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) probe. Bottom: the PGHS-2 signals normalized to the
respective GAPDH densities.
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6 h of cytokine treatment but returned to basal values
by 12 h.

We next examined multiple thyrocyte strains de-
rived from individuals with a variety of thyroid dis-
eases. As the Western analysis in Fig. 4 indicates,
PGHS-2 protein is expressed constitutively in all
strains examined. The levels of expression varied
widely but were uniformly lower than those found in
untreated KAT-50. When treated with IL-1b (10 ng/ml)
for 12 h, PGHS-2 levels were induced in all strains
examined, but the magnitude of increase varied
widely. When the cell lysates from the same strains
were examined for PGHS-1 protein levels, most exhib-
ited easily detectable signals that were invariant with
cytokine treatment. Of considerable interest was
strain 2, in which there was no detectable PGHS-1
protein. Strain 1 expressed very low levels of PGHS-1.
Interestingly, both cultures were from individuals with
multinodular goiter. Thus the expression of PGHS-1
protein appears highly variable in different strains of
primary thyrocytes.

PGE2 synthesis in cultured primary thyroid follicu-
lar cells and KAT-50 cells. The distinct profiles of
PGHS expression observed in primary thyrocytes and
KAT-50 cells suggest that the synthesis of prostanoids
in these two cell types might differ. Specifically, the
PGHS isoform responsible for most of the PGE2 pro-
duction under basal and cytokine-treated conditions
might differ in primary thyrocytes and KAT-50 cells.
We evaluated the production of PGE2 by quantitating
its release from these cells into the culture medium
under basal and cytokine-treated conditions. Primary
thyrocytes produce modest levels of PGE2 under un-
provoked culture conditions, similar to those found in
KAT-50 cells. Addition of exogenous arachidonate re-
sulted in a concentration-dependent increase in PGE2
release from the thyrocytes (Fig. 5). At a concentration
of 0.625 mM, PGE2 levels were increased fourfold over
controls, while at 2.5 mM, prostanoid levels increased
14-fold above controls. Maximal PGE2 production oc-
curred with a concentration of 5 mM where levels were
50-fold above basal. Indomethacin (5 mM), a nonselec-
tive PGHS inhibitor, inhibited PGE2 production nearly
completely in the thyrocytes (Fig. 6). IL-1b (10 ng/ml)
exerted a substantial upregulatory effect on PGE2 pro-

duction, both in the absence and presence of exogenous
arachidonate (Fig. 6). SC-58125 (5 mM), a PGHS-2-
selective inhibitor, reduced basal and IL-1B-induced
PGE2 synthesis by ;50% (Fig. 6). These results with
SC-58125 suggest that PGHS-2 contributes substan-
tially to both basal and cytokine-provoked PGE2 pro-
duction in thyrocytes. Dexamethasone did not appear
to affect PGE2 synthesis, consistent with our findings
concerning PGHS-2 levels. Both PGHS inhibitors ex-
erted equivalent blockade of PGE2 production in pri-
mary thyrocytes and KAT-50 cells (Fig. 6C).

We next compared the PGE2 synthesis profiles in two
strains of thyrocytes, one with undetectable PGHS-1
expression and the other with high basal levels of the
cyclooxygenase. As Fig. 7 suggests, strain 2, the thyro-
cytes with undetectable PGHS-1, also exhibited a con-
siderably lower basal PGE2 production than strain 5,
which expresses PGHS-1. PGE2 production increased
eightfold in strain 2 with IL-1b treatment for 16 h. This
was a considerably smaller fractional increase than
that in strain 5. Of particular interest, SC-58125 in-
hibited basal PGE2 to below the levels of detection in

Fig. 4. Survey of basal and IL-1b-stimulated PGHS-1 and PGHS-2 expression in primary thyrocytes and KAT-50.
Near-confluent monolayers were shifted to RPMI medium that contained 1% FBS for 16 h. After treatment with
IL-1b (10 ng/ml) for 12 h, monolayers were washed, and cell proteins were solubilized, subjected to SDS-PAGE, and
examined by Western blot analysis for expression of PGHS-1 and PGHS-2 protein. Signals were generated using
the ECL system and captured on X-ray film. Strains 1, 2, and 7 are thyrocytes derived from 3 patients with
multinodular goiter. Strain 3 was from normal appearing tissue in a patient with papillary cancer. Strain 4 was
from a patient with Hashimoto’s thyroiditis. Strains 5 and 6 were derived from 2 patients with Graves’ disease.

Fig. 5. Exogenous arachidonate increases prostaglandin E2 (PGE2)
production in primary thyrocytes. Thyrocytes, in this case from a
patient with multinodular goiter, were seeded in 24-well plates and
allowed to proliferate to near confluence. They were shifted to me-
dium that contained 1% FBS for 16 h and treated with arachidonate
at the concentrations indicated for 16 h. For the final 30 min,
medium was removed, and PBS containing the respective concentra-
tions of arachidonate was added. PBS was collected and subjected to
radioimmunoassay for PGE2 as described in MATERIALS AND METHODS.
Data are expressed as means 6 SE from triplicate wells.
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strain 2, whereas production in strain 5 was only par-
tially inhibited. The IL-1b-provoked increase in syn-
thesis exhibited by strain 2 could be inhibited ;50% by
SC-58125, leaving a substantial level of residual pro-
stanoid generation. This result suggests some contri-
bution to PGE2 synthesis from PGHS-1 following cyto-

kine treatment despite the failure to detect the
isoform.

DISCUSSION

Cyclooxygenases and their products play essential
roles in normal cellular physiology as well as in the
mediation of inflammatory states. PGHS-2 was origi-
nally characterized as an oncogene-responsive enzyme
(11), and significant PGHS-2 overexpression has been
observed in colorectal cancers, squamous carcinomas,
and other solid tumors (7, 14, 15). In cultured colonic
epithelial cells, overexpression of PGHS-2 has been
linked to reduced apoptosis and increased cell life span,
theoretically leading to enhanced tissue growth poten-
tial (28, 33, 36). Nonsteroidal anti-inflammatory
agents such as indomethacin and SC-58125 reversed
these effects (8, 31). In animal studies, mice with a
genetic susceptibility to colonic neoplasia exhibited a
decreased propensity for polyp development after
treatment with cyclooxygenase inhibitors (17, 22). In
addition, epidemiological studies have shown a dimin-
ished incidence of colonic neoplasia associated with
chronic ingestion of aspirin and related compounds (10,
30). A question emerging from the current studies is
the potential for involvement of PGHS-2 in the devel-
opment of thyroid neoplasia. This has not been as-
sessed and remains an intriguing question.

A role for PGHS-2 in normal thyroid function has
been suggested by earlier studies performed in the rat
thyroid cell line FRTL-5 (29). These demonstrated that
thyrotropin may upregulate arachidonate release and

Fig. 7. Levels of basal and cytokine-stimulated PGE2 synthesis dif-
fer among thyrocyte strains. Strain 2 is derived from a patient with
multinodular goiter and not expressing detectable PGHS-1 protein.
Strain 5, derived from a patient with Graves’ disease, is character-
ized by high basal PGHS-1 protein expression. Thyrocytes were
seeded in 24-well plates and allowed to proliferate to near confluence
in medium with 10% FBS. They were shifted to medium with 1%
FBS for 16 h and treated with IL-1b (10 ng/ml), SC-58125 (5 mM), or
indomethacin (10 mM) as indicated for 16 h. All wells were treated
with arachidonate (1 mM). PGE2 levels were determined as described
in the legend to Fig. 5.

Fig. 6. Thyrocytes treated with IL-1b produce increased amounts of
PGE2. This synthesis can be inhibited by SC-58125. Thyrocytes were
seeded in 24-well plates and allowed to proliferate to near conflu-
ence. They were shifted to medium with 1% FBS for 16 h and treated
with the test compounds indicated for 16 h. PGE2 levels were deter-
mined as described in the legend to Fig. 5. Thyrocytes obtained from
a patient with Graves’ disease (A) and thyrocytes from a patient with
multinodular goiter (B) were treated with arachidonate (5 mM) or
IL-1b (10 ng/ml) alone or in combination with dexamethasone (10
mM), indomethacin (5 mM), and SC-58125 (5 mM). C: KAT-50 cells
were treated with arachidonate (5 mM), indomethacin (5 mM), or
SC-58125 (5 mM) for 16 h.
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cyclooxygenase activity. In addition, thyroid-stimulat-
ing immunoglobulins have been shown to enhance
FRTL-5 cell proliferation in vitro through increases in
PLA2 activity and arachidonate release (4). These ef-
fects on cell division proved susceptible to inhibition by
indomethacin (4). Similarly, IgGs from individuals
with Graves’ disease have been shown to stimulate
PLA2 activity in cultured primary human thyrocytes
(2). These observations imply that the prostanoid bio-
synthetic pathways might be involved in normal and
disease-related thyroid epithelial cell growth and func-
tion.

The constitutive expression of PGHS-2 mRNA and
protein exhibited by untreated primary thyrocytes is
consistent with our earlier observations in KAT-50
cells (25). Moreover, they are entirely congruent with
the PGHS-2 protein detected in situ in normal thyroid
epithelium (25). Both primary thyroid and KAT-50
cells express PGHS-2 protein and mRNA constitu-
tively, but the levels of this isoform appear to be con-
siderably higher in KAT-50. This difference may reflect
a compensatory mechanism by which cells can adapt to
an apparent absence of PGHS-1 protein (25), where
PGHS-2 may represent the only functional cyclooxy-
genase. Furthermore, regulation of PGHS-2 appears to
differ substantially in the two types of cells. In KAT-50,
PGHS-2 mRNA (25) and protein expression are down-
regulated by IL-1b, while the cytokine upregulates the
cyclooxygenase in primary thyroid cells. Although the
molecular basis for the differential impact of IL-1b in
these two cell types remains uncertain, these findings
underscore the cell type-specific nature of PGHS-2
gene regulation. It is unlikely that the constitutive
expression of PGHS-2 is a consequence of the low
serum concentration (1%) present in the culture me-
dium, although some small impact on cyclooxygenase
levels cannot be excluded. This level of serum failed to
induce PGHS-2 in fibroblasts (32) and actually lowered
its expression in KAT-50 cells (25).

PGHS-1 is expressed by most cell types and is gen-
erally unaffected by regulatory factors that influence
PGHS-2 (27). PGHS-1 can be regulated modestly in
certain situations, such as in cultured endothelial cells,
where phorbol esters enhance PGHS-1 gene transcrip-
tion (34). Most primary thyrocytes, unlike KAT-50,
also express PGHS-1 protein. However, one strain of
primary thyrocytes lacked constitutive PGHS-1 ex-
pression and a second exhibited a basal PGHS-1 level
considerably lower than that found in the other
strains. These two strains were derived from patients
with multinodular goiter. A third strain, also derived
from a multinodular gland, expressed high basal levels
of PGHS-1 as did all other strains examined. Further-
more, the strain that lacked constitutive PGHS-1 ex-
pression appeared to express high basal levels of
PGHS-2. The variability in PGHS-1 and -2 expression
in these thyrocyte strains may signify a complemen-
tary role for the two isoforms. This is exemplified in
KAT-50 where the absence of PGHS-1 protein is ac-
companied by high levels of PGHS-2 expression. These
differences in PGHS profile expression could result

from adaptive changes from cultivation in culture.
What emerges from the current studies is the uncer-
tain relationship that the two PGHS isoforms share in
thyrocytes as well as in the other cell types expressing
both cyclooxygenases constitutively.

Primary thyrocytes exhibit substantial basal prosta-
glandin production when provided exogenous arachid-
onate. In the absence of exogenous arachidonate, PGE2
production is modest. This suggests that arachidonate
availability may be rate limiting, at least in certain
situations. Clearly, details concerning the levels of
PLA2 expression and activity in these cells might pro-
vide insight into the mechanisms regulating eicosanoid
production. Both basal and IL-1b-dependent PGE2
synthesis in primary thyrocytes can be blocked in part
by SC-58125. This finding implies an important contri-
bution of PGHS-2 activity to prostanoid generation in
resting and cytokine-activated thyrocytes.
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