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ABSTRACT

Three intracellular signal transduction pathways have been found to be
utilized by y-interferon i II N-yi in the induction of HLA-DR in several cell
types, mainly monocytes/macrophages and B-cells: the protein kinase A
(PKA); Ca2*-calmodulin; and protein kinase C (I'M 'i pathways. In this

study, we investigated the role of these pathways in IFN-y-induced
HLA-DR expression in normal and neoplastic human thyroid cells.

The PKA pathway seemed to inhibit both neoplastic and normal II V
y-induced HLA-DR expression; addition of thyroid-stimulating hormone
to normal thyroid cells, as well as 8-bromo cyclic AMP and forskolin to
normal and neoplastic cells, reduced the amount of IFN-y-induced HLA-
DR. Moreover, II-S. a PKA inhibitor, enhanced such IFN-y-induced
HLA-DR expression. The calcium-calmodulin pathway does not seem to
play a role in IFN-y-induced HLA-DR expression in normal and neoplas
tic thyrocytes, since the Ca-ionophore A23187, EGTA, and the calmodulin
antagonist, W-7, neither induced HLA-DR nor showed any effect on
HLA-DR expression induced by IFN-y. Alone, phorbol 12-myristate 13-
acetate, a PKC activator, did not induce HLA-DR on thyroid cells. How
ever, its addition to neoplastic cells together with IFN-y caused a syner-
gistic elevation of the expressed HLA-DR, whereas it significantly
inhibited IFN-y-induced HLA-DR in normal thyrocytes. TPA had to be
added before or together with IFN-y for optimal function. If added more
than 6 h after IFN-y, TPA was not effective. An inactive TPA analogue did
not affect HLA-DR induction, while an active analogue mimicked TPA.

Staurosporine, a PKC inhibitor, reduced the TPA enhancing effect in
neoplastic thyrocytes and cancelled TPA inhibition in normal cells. More
over, when added to IFN-y without TPA in normal thyroid cells, Stauro
sporine increased 3- to 4-fold the amount of HLA-DR. Thus, in normal
thyroid cells the PKC pathway is activated by IFN-y and inhibits
HLA-DR expression. In neoplastic thyrocytes, although IFN-y does not
induce HLA-DR via PKC, this pathway augments HLA-DR expression.

INTRODUCTION

Normal thyroid epithelial cells do not constitutively express MHC2

Class II antigens. However, the expression of these antigens is wide
spread within thyroid glands obtained from animals and humans with
autoimmune thyroid disease (1) and neoplastic thyroid glands (2).
Whereas the expression of MHC Class II antigens on autoimmune
thyroid epithelial cells is probably secondary to cytokine release from
activated infiltrating lymphocytes (3), the cause of this expression in
malignant thyroid cells is not clear since MHC Class II antigens have
been found in the absence of lymphocytic accumulation (4).

Evidence now suggests that MHC Class Il-bearing thyroid epithe
lial cells are able to present self-antigens to T-lymphocytes, thus
inducing autoimmunity (5). MHC Class II antigens have been dem-
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onstrated in carcinomas derived from MHC Class Il-negative normal

counterparts (6, 7). Surface MHC Class II expression in these tumors
has been suggested to serve as diagnostic and prognostic markers (8).
In approximately half of the patients with thyroid carcinomas, clinical
evidence of cervical lymph node mÃ©tastasesis found at the time of
treatment (9). However, despite the high rate of lymphatic metastasis,
thyroid tumors have an excellent prognosis (10). This paradox sug
gests the possibility that endogenous antitumor factors which secrete
IFN-y, and thus induce MHC Class II antigens on tumor cells, are

present that limit tumor cell proliferation despite mÃ©tastasesto lymph.
In thyroid tumors as well as other nonimmunological malignancies,
the regulation of MHC antigen expression and the role of these anti
gens in the presentation of tumor antigens to the immune system
remain to be elucidated.

At least in vitro, IFN-y is the main inducer of MHC Class II

antigens in both normal and neoplastic thyroid cells (11, 12). Little is
known, however, about the signal transduction mechanism responsi
ble for inducing MHC Class II molecules in these cells (13). When an
extracellular signal is transduced to receptors, hydrolysis of phos-
phatidyl inositol 4,5-biphosphate occurs, and DAG and IP, are pro

duced. DAG activates PKC, which leads to a cell response (14). On
the other hand, IP3 serves as a mediator of Ca2+ mobilization from

internal stores, probably the endoplastic reticulum, and the intracell
ular Ca2+ concentration rises. This, in turn, activates calmodulin and

leads to a cell response. It is also recognized that the accumulation of
intracellular cAMP transduces an extracellular signal to cells by ac
tivating PKA (15, 16). Certain growth factors, such as epidermal
growth factor, insulin, and insulin-like growth factor I, directly phos-

phorylate their receptor at the exterior of the cell and stimulate its
intracellular tyrosine kinase activity (17).

Recent work from several laboratories has provided evidence to
suggest that the signalling events initiated by IFN-y in monocytes/
macrophages cell lines, B-cell lines, and glioblastoma cell lines in
clude both activation of calcium-calmodulin-dependent protein kinase
and/or the enhancement of PKC activity (18-20). In the rat thyroid
cell line FRTL-5, IFN-y induces MHC Class II antigen expression via

de novo protein synthesis independent of the cAMP pathway, the PKC
system, or the voltage-dependent calcium channel (13). In human
thyrocytes, the signal transduction pathway(s) used by IFN-y to in

duce MHC Class II antigens has not yet been studied. In this paper, we
have examined the possible involvement of the PKC, calcium-calm
odulin, and cAMP pathways in the IFN-y-regulated expression of
HLA-DR on normal and neoplastic human thyroid cells.

MATERIALS AND METHODS

Reagents. The following materials were purchased from Sigma Chemical
Co. (St. Louis, MO): (a) TPA; (b) phorbol 12,13-dibutyrate; (c) 4a-phorbol
17,18-didecanoate; (d) Staurosporine (a PKC inhibitor); (e) H-8 [a PKA in
hibitor; A'-(2-methylamino ethyl)-5-isoquinolinesulfonamide]; (/) 8-bromo-
3:5-cyclic monophosphate (8-bromo-cAMP); (g) forskolin; (h) W-7 [a calci
um-calmodulin inhibitor; N-((> aminoethyl)-5-chloro-l-naphthalene sulfon-
amide]; (;') EGTA; (;') Ca2+ ionophore A2318; and (k) recombinant human

IFN-y. 125I-labeled antibody to mouse F(ab)2 fragment was purchased from
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Amersham International, Amersham, United Kingdom. (/) HLA-DR mono
clonal antibodies were derived from Beckton-Dickinson (Mountain View, CA).

Thyroid Cell Cultures. Colloid goiter tissue obtained from different pa
tients at thyroidectomy served as a source of nonneoplastic thyroid cells. A
human follicular thyroid carcinoma cell line, MRO 87-1, was kindly provided

by Dr. G. Juillard (UCLA, Los Angeles, CA). This line has been shown to
contain receptors to TSH (21), similar to two other thyroid carcinoma cell
lines, in which existing TSH receptors have been found to be nonfunctional
(22). We could not detect elevation of cAMP in this cell line following
incubation with TSH. The thyroid cells from primary cultures were prepared
and preserved in liquid nitrogen as described previously (23). The malignant
cell line was grown in monolayer culture in complete medium (RPMI-1640 +

10% fetal calf serum + antibiotics). A new vial of this cell line was thawed
every five to eight passages, since the cells tended to grow less rapidly with the
passage of time. For individual experiments, thyroid cells (from primary cul
tures or the cell line) were plated onto 96-well microtiter plates, at a density of
25 X IO1 cells/well for primary cultures and 2 X IO3 cells/well for the
malignant cell line, in 0.2 ml of complete medium. After 1 day at 37Â°Cin an

atmosphere of 5% CO2-95% air in a water-saturated incubator, the medium
was replaced with fresh complete medium, and the HLA-DR modulators were
added. Measuring HLA-DR expression by quantification of I25l-labeled anti

body binding was performed according to the method of Lampert et al. (24),
consisting essentially of the following steps.

After an incubation period of 4 days (a period that was found to be maximal
for expression of HLA-DR antigen), the cells were washed 3 times with PBS,
and then incubated with anti-HLA-DR antibody or, as control, with an unre

lated monoclonal antibody for l h in the cold. After 3 washes with PBS,
I25l-labeled F(ab)2 sheep anti-mouse immunoglobulin (50 x IO3 cpm contain

ing 10 to 20 /Â¿Ci/mg)was added to each well, including wells to which the first
antibody was not added. After 1 h, the wells were washed 4 times with PBS,
and the radioactivity was measured in a gamma counter.

Cell Viability. Cell viability was estimated by a chromium release assay. In
order to perform this viability assay, the thyroid cells were labeled with 5'Cr,
and the percentage of dead cells was deduced from the amount of 51Cr released

into the medium (25). Only cultures with 90 to 100% viability were used.
Statistical Evaluation. Statistical significance was determined using the

Student / test when comparing two groups and by analysis of variance when
comparing multiple groups. P values of <0.()5 were considered significant.
Each experiment was repeated at least 3 times with good agreement between
the results of individual experiments. The data shown are the mean Â±SE of
triplicate wells of a representative experiment.

RESULTS

HLA-DR Antigen Expression by IFN-y. HLA-DR antigen was
dose dependency induced by IFN-y in normal and malignant thyroid
cells by culturing the cells in medium containing IFN-y for 4 days
(Fig. 1). The maximal effective dose of IFN-y was 500 units/ml.
Concentrations up to 2000 units/ml did not further increase HLA-DR
expression. Quantitative variations in HLA-DR expression were ob

served in two different normal thyroid cell preparations. An average
percentage of 15% difference was found between goiter tissues ob
tained from different patients (data not shown).

Effect of TPA Addition on HLA-DR Expression. Addition of

TPA to the neoplastic thyroid cells caused marked enhancement in the
IFN-y-induced HLA-DR levels, but alone the phorbol ester did not
induce HLA-DR expression (Fig. 2). When added to normal thyroid
cells, TPA significantly inhibited IFN-y-induced HLA-DR induction

(Fig. 2). TPA was not toxic to the normal thyrocytes at the concen
trations used as tested by trypan blue exclusion.

Effect of Active and Inactive Phorbol Esters on IFN-y-induced
HLA-DR Expression. An active analogue of TPA, phorbol 17,18-
dibutyrate, added at the same concentration as TPA, enhanced IFN-
y-induced HLA-DR expression in thyroid neoplastic cells to the same
extent as TPA, whereas the inactive phorbol ester, 4a-phorbol 17,18-

didecanoate, had no significant influence (Fig. 3). The opposite, i.e.,
inhibitory, effect was observed on HLA-DR expression when the

1281CPM / WELL
2000

1600

1000

600

0 60 100 260 600 1000 0 26 60 100 600 1000 2000
)(- INTERFERON (U/ml)

Fig. 1. Induction of HLA-DR antigens on normal and malignant thyroid cells. Incu
bation of normal (two different cell preparations) and neoplastic thyroid cells with in
creasing concentrations of IFN-y (25 units/ml to 2000 units/ml) caused a dose-dependent
elevation of HLA-DR on the cells.
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Fig. 2. Effect of TPA on the level of HLA-DR antigens on normal and neoplastic
thyroid cells. Addition of increasing concenlrations of TPA (10~13to 10~7M) to IFN--y-

induced normal thyrocytes dosedependently suppressedHLA-DR expression. Addition of
the sameconcentrations of TPA to IFN-y-induced ncoplaslic thyrocytes dose dependency
enhanced HLA-DR expression. *. significant change (P < 0.05) in HLA-DR expression
compared to that induced by IFN--y alone.

active TPA analogue was incubated with normal thyroid cells and
IFN-y (Fig. 3). As in neoplastic cells, the inactive analogue did not
alter IFN-y-induced HLA-DR expression in normal thyrocytes. As

was the case for TPA, both phorbol esters were ineffective when
incubated with thyroid cells without IFN-y.

Effect of SS on IFN-y-induced HLA-DR Expression. Preincu-
bation with SS partly inhibited the TPA + IFN-y-induced HLA-DR

expression on neoplastic thyroid cells (Fig. 4) but did not affect the
HLA-DR expression induced by IFN-y alone (data not shown). Pre-

incubation of normal thyroid cells with SS totally abolished the in
hibitory effect of TPA on IFN-y-induced HLA-DR expression; the
PKC inhibitor actually caused an almost 2.5-fold enhancement in
HLA-DR expression over the value induced by IFN-y alone. Addition
of SS together with IFN-y to normal thyrocytes also caused an ele
vation in HLA-DR expression compared to IFN-y alone (data not

shown).
Importance of Timing in TPA Effects. Both the enhancing and

inhibitory effects of TPA on thyroid cell HLA-DR expression were
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Fig. 3. Effect of active and inactive TPA analogues on HLA-DR expression of normal
and malignant thyroid cells. Addition of an inactive phorbol ester analogue (4a-TPA) to
IFN-7-induced normal and malignanl thyrocytes did not affect HLA-DR expression.
Addition of the active TPA analogue (Dibut.TPA) significantly (P < 0.05) suppressed
IFN-a-induced HLA-DR expression in normal thyrocytes and significantly (P < 0.05)

enhanced it in the malignant thyrocytes.
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Fig. 4. F,ffect of staurosporine on the expression of HLA-DR antigens on normal and
neoplastic thyroid cells. SS, a PKC inhibitor, was added to cultured normal and malignant
thyrocytes alone and together with IFN-y and TPA. Alone, SS did not induce HLA-DR
expression on the thyroid cells. However, its addition together with IFN-y to normal
thyrocytes cancelled the inhibitor's effect on TPA and caused a 240rÂ£elevation in

HLA-DR expression over that induced by IFN-y. In neoplastic thyrocyles, SS reduced the
TPA-enhancing effect. *, significant (P < 0.05) change (elevation or reduction) compared
to the effect of IFN-y alone (assigned as 100%).

dependent on the time of its addition relative to that of IFN-y (Fig. 5).
Addition of TPA before, together with, or shortly after IFN-y was
critical for a significant elevation or suppression of IFN-y-induced
HLA-DR. The optimal time of TPA addition was 6 h before IFN--y. In
neoplastic thyrocytes, the addition of TPA 1 min before IFN--y and its

subsequent washout was enough to significantly enhance IFN-y-in-
duced HLA-DR expression (data not shown). If added more than 6 h
after IFN-y, the effect of TPA was markedly reduced and, in neoplas

tic cells, its late addition was even inhibitory.
Effect of the cAMP Pathway in IFN-y-induced HLA-DR Ex

pression. Addition of H-8, a PKA inhibitor, significantly enhanced
IFN-y-induced HLA-DR induction in normal and neoplastic thyroid
cells (Fig. 6A ). Addition of the cAMP-elevating agents, forskolin and
8-bromo-cAMP, significantly inhibited IFN-y HLA-DR induction

(Fig. 6ÃŸ).TSH, the endogenous thyroid cAMP activator, reduced
IFN-y-induced HLA-DR in normal cells (Fig. 6ÃŸ).In neoplastic cells

which contain TSH receptors, no elevation of cAMP was observed,
and no effect of TSH on HLA-DR expression was also noted (data not

shown).
The Calcium-Calmodulin Pathway Does Not Seem to Play a

Role in IFN-y-induced HLA-DR Expression. Addition of the cal
cium ionophore A23187 alone (Fig. 7). or the calcium ionophore
together with TPA, did not induce HLA-DR expression in either

nonneoplastic or neoplastic thyrocytes (data not shown). Addition of
the calcium ionophore alone together with IFN-y did not significantly
alter the level of HLA-DR (Fig. 7). EGTA, which inhibits extracellular
calcium influx, did not significantly affect IFN-y induction of HLA-
DR. W-7, an inhibitor of calcium-calmodulin, was also devoid of any
significant effect on IFN-y-induced HLA-DR induction in both thy

roid cell types (Fig. 7).

DISCUSSION

Four intracellular signal transduction pathways of thyroid growth
and differentiation are now known: the PKA; PKC; calcium-calmod

ulin; and the tyrosine kinase pathways (26). Which, if any, of the
above first three pathways is involved in IFN-y induction of HLA-DR

in normal thyroid cells and in the malignant thyroid carcinoma cell
line MRO-87-1 cells was the aim of this study. The data obtained
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Fig. 5. Time sequence of TPA effects in normal and neoplastic thyroid cells. TPA (10~7

M)was added together with IFN-y for 4 days, 6 and l h prior to IFN-y addition and then
washed out or 1, 6, 24. and 48 h after the addition of IFN-y. Significant (P < 0.05) effects
were observed when TPA was added together with IFN-y, 6 h before IFN-y and up to 6
h after IFN-y in neoplastic, or up to 24 h in normal, thyroid cells. The maximal effect of
TPA on IFN-y-induced HLA-DR expression was observed when TPA was added 6 h prior
to IFN-y in both normal and neoplastic cells.

3945

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/17/3943/2451254/cr0530173943.pdf by guest on 19 M

ay 2023



HI.A-DR IN MALIGNANT AND NONMALKiNANT HUMAN TIIYROC'YTES

% of IFN-lnducÂ»d OR

A 280r
NORMAL THYROID *

CELLS
200

180

100

M

NEOPLA3TIC THYROID

CELLS

I1

1

H-8 (uM) 00 1
Ã•-IFN- *

% of IFN-lndue*d DR

10
+

28
*

80
*

80 10
+

28
+

80
*

B 140120inn1UU60eo4020nNORMALTHYROID NEOPLASTICTHYROIDCELLS

CELLSâ€¢"'I

.*I;jIIâ€¢TITjt,I<*IX .I

10 50 100 0.1 O.I 1 0.01 0.1 1
FOR8KOLIN 8-Br-cAMP T8H

<JJM) (mM) (mM)

10 Â«0 100 0.1 0Â» 1
FOR8KOLIN 8-Br-oAMP

<HM) (mM)

Fig. 6. Effect of a PKA inhibitor and cAMP-clevating agents on HLA-DR expression
in normal and neoplastic thyroid cells. A, addition of H-8, a PKA inhibitor, to normal and
neoplastic thyroid cells dose dependently enhanced IFN-^-induced HLA-DR expression.
(*. significant elevation, P < 0.05). ÃŸ, forskolin and 8-bromo-cAMP in normal and

neoplastic thyroid cells, and TSH in normal thyrocytes. significantly (P < 0.05) inhibited
IFN-y-induced H1.A-DR expression.

enable us to draw the following conclusions, (a) HLA-DR expression

in normal thyrocytes and the malignant cell line is not induced by any
of the three pathways studied, and the possible involvement of the
tyrosine kinase pathway cannot be ruled out. (Â¿>)Calcium-calmodulin
does not seem to play a role in HLA-DR induction, but the PKA
pathway decreased IFN-y-induced HLA-DR in both normal and neo

plastic thyroid cells, (c) Divergent effects in normal and these neo
plastic thyrocytes were noted regarding the PKC pathway in IFN-y-
induced HLA-DR expression. Whereas activation of this pathway by
TPA enhances IFN-y-induced HLA-DR expression in malignant thy
roid cells, the phorbol ester inhibits HLA-DR expression in normal

thyrocytes.
IFN-y has been found to induce HLA-DR via the calcium-calmod-

ulin pathway, the PKC pathway, or both in a variety of monocytic cell
lines, B-cell lines, and glioblastoma cell lines (27). We used SS, a

potent inhibitor of PKC, to assess the role of the PKC pathway in
HLA-DR induction on thyroid cells. Our results suggest that in normal
thyrocytes the PKC pathway is stimulated by IFN-y and that this
pathway is inhibitory for HLA-DR induction. We corroborated the
involvement of PKC in IFN-y-induced HLA-DR expression by show

ing that, apart from TPA, another phorbol ester active also via PKC
mediation, in contrast to an inactive analogue, mimicked the TPA
effects.

Both the stimulatory and inhibitory effects of PKC were time de
pendent. Maximal effects were observed when TPA was added 6 h

before IFN-y and then washed out. Actually, in the neoplastic cell line,
I-min preincubation with TPA was enough for markedly enhancing
IFN-y-induced HLA-DR expression, and addition of TPA 24 h or
more after IFN-y was ineffective in normal thyrocytes and inhibitory

in neoplastic thyrocytes. It would seem, therefore, that in both malig
nant and normal thyroid cells the PKC activation and subsequent
protein phosphorylation occur before or at a stage very close to
IFN-y-induced HLA-DR expression. These putative phosphorylated
proteins cannot apparently be used by IFN-y at later stages, or maybe

different phosphorylated proteins with different roles are formed when
TPA is added 24 h post-IFN-y.

We have no clear explanation for the divergent effects of PKC
activation on HLA-DR expression in neoplastic and nonneoplastic

thyrocytes. In this regard, different PKC isoenzymes with different
biochemical properties and target proteins have been identified, and
overexpression of one isoenzyme was detected in thyroid adenocar-

cinoma (28). Changes in PKC isoenzymes and activity could be
relevant to differential effects on HLA-DR expression, as well as to

other properties of the transformed thyrocytes.
Using cAMP-elevating agents and a PKA inhibitor, we found the

PKA pathway to be capable of inhibiting IFN-y-induced HLA-DR
expression in both malignant and normal thyrocytes. Basal and IFN-
y-induced HLA-DR levels have been noted to be inhibited in mac
rophages by cAMP-elevating agents, such as prostaglandins and
IFN-ÃŸ(27). In thyroid cells, TSH is the endogenous activator which,

via elevation of cAMP, causes cell proliferation and differentiation
(26). A discrepancy has been observed concerning the effect of TSH
on HLA-DR expression in thyroid cells. Platzer et al. (29) and Lahat

et al. (30) reported that TSH was necessary for optimal induction of
MHC Class II antigens in rat thyrocytes. In contrast, Lee et al. (13)
reported that the TSH-cAMP system was not involved in IFN-y-
induced HLA-DR in rat thyrocytes. In humans, Todd ci al. (31), in

contrast to our results, found TSH to increase HLA Class II antigen
expression by IFN-y in cultured human thyrocytes. The reason for the

contradictory results is not clear.
Our data show that the calcium-calmodulin pathway does not seem

to play a role in IFN-y-induced HLA-DR expression in either normal
or neoplastic thyrocytes, since W-7, an antagonist of calcium-calm
odulin, did not affect HLA-DR induction in thyrocytes. The calcium

ionophore, A23187, which elevates intracellular calcium concentra
tion, and addition of EGTA, which depletes extracellular calcium, did
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Fig. 7. Effect of calcium inhibitors on HLA-DR expression in normal and neoplastic
thyroid cells. Addition of W-7 (calcium-calmodulin inhibitor), calcium-ionophore
A23187, and EGTA (an inhibitor of calcium influx) to normal and neoplastic thyroid cells
did not affect the level of lFN--y-induccd HLA-DR expression.
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not change HLA-DR expression. To summarize, in contrast to other
conventional and nonconventional antigen-presenting cells, IFN-y
does not seem to use the PKA, calcium-calmodulin, or PKC pathway
to induce HLA-DR in human thyroid cells. The PKC pathway, how
ever, has a stimulatory effect on IFN-y-induced HLA-DR in malig
nant thyrocytes and an inhibitory effect on IFN-y HLA-DR induction

in normal thyrocytes. The relevance of this phenomenon to thyroid
neoplastic transformation and immune response toward malignant
thyroid cells, as well as the IFN-y signal transduction mechanism(s)

in human thyrocytes, remains to be elucidated.
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