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The role of interferon-gamma in lymphocytic thyroiditis:
its functional and pathological effect on human thyrocytes in culture
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SUMMARY

Interferon-gamma (IFN-y) has been recognized to possess diverse non-immunological effects on
epithelial cells such as cellular growth and differentiation. We have previously demonstrated that
IFN-y suppressed thyroid-stimulating hormone (TSH)-stimulated thyroglobulin (TG) synthesis in
human thyrocytes through inhibition of TG gene transcription. To define the pathological
mechanism involved in the action of IFN-y, we studied the ultrastructural changes of human
thyrocytes cultured in monolayer. Stimulation of the thyrocytes with TSH 10 mU/ml for 2 days
resulted in marked increase in TG release into the medium. This was accompanied by elongation of
microvilli, increase in follicles and acinar formation, increase in secretory granules and prominence of
Golgi apparatus and rough-surfaced endoplasmic reticulum. Addition of IFN-y (500 U/ml) resulted
in marked degeneration with shrinkage of the cell membrane, vacuolation of cytoplasm, swollen
mitochondria and presence of lysosomal granules. Co-culturing the thyrocytes with the IFN-y and
TSH resulted in suppression of the morphological responsiveness to TSH. There was also
suppression of TSH-induced TG secretion. However, at 500 U/ml IFN-y did not cause lysis of the
thyrocytes as estimated by the cellular DNA content. Furthermore, binucleated cells were frequently
encountered in those wells that were treated with IFN-y for either 2 or 5 days. The findings suggest
that IFN-y resulted in de-differentiation and degeneration of the thyrocytes, which subsequently
regained the growth potential and showed attempts at regeneration. This may explain why most
patients with lymphocytic thyroiditis recover from the acute injury and do not suffer from permanent
hypothyroidism.
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INTRODUCTION as IFN-y does not affect TSH-stimulated cAMP production. To
define the pathologic mechanism involved in the action of

Interferon-gamma (IFN-y) is a cytokine released by activated IFN-y, we studied the function and morphology of human
lymphocytes in response to viral infection or immunopathologi- thyrocytes cultured in monolayer using electron microscopy.
cal conditions. It is now well recognized that IFN-y possesses
not only immunological action, but also diverse non-immuno- MATERIALS AND METHODS
logical effects, such as cellular growth and differentiation.

We have previously reported that IFN-y suppressed thyroid Culture ofhuman thyrocytes
stimulating hormone (TSH)-stimulated thyroglobulin (TG) Normal human thyroid tissues were obtained from para-
synthesis in human thyrocytes cultured in monolayer through adenomatous tissues from patients undergoing thyroidectomy
TG gene transcription [1]. Furthermore, TG release and for benign thyroid adenoma. The tissues were trimmed and
secretion into the culture medium was also inhibited. These data finely minced with scissors. The tissues were then digested with
suggest that IFN-y released from the infiltrating lymphocytes 1 5 mg/ml collagenase type IV (Sigma, St Louis, MO) in Ca2+-,
may play an important role in causing thyroid dysfunction in Mg2+-free Earl's balanced salt solution. After digestion, the
patients with various forms of thyroiditis. The exact mechanism thyrocytes were adjusted to 1 x 105 cells/ml in RPMI 1640
by which IFN-y affects thyrocytes function is unclear. We have medium (GiBCO, Grand Island, NY) supplemented with 10%
shown that IFN-y probably acts at a site distal to cAMP action fetal calf serum (FCS). The cells were allowed to grow on glass

coverslips in 6-well culture plates (GIBCO) and incubated at 37°C
Correspondence: Annie W. C. Kung, Department of Medicine, in a humidified atmosphere at 5% CO2 in air until confluence.

University of Hong Kong, Queen Mary Hospital, Pokfulam Road, Before the experiment, the cells were washed twice with
Hong Kong. phosphate-buffered saline (PBS). The thyrocytes were then
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Table 1. Cellular DNA contents of TG synthesis
thyrocytes cultured with thyroid Similar to our previous report, addition ofTSH 1O mU/ml for 2
stimulating hormone (TSH) or days caused a significant increase in TG release into the medium

IFN-y for 2 days (28 7 + 1 2 versus 7-7 + 1 8 ng/ml). IFN-y 500 U/ml did not affect

the basal TG synthesis but suppressed the TSH-stimulated TG
DNA (pg/well) release to 22 5+1 3 ng/ml (P<0 05). Similar findings were

observed with thyrocytes being stimulated for 5 days, except
Control medium 3 09+0 12 that the amount of TG released was two-fold higher (data not
TSH 10 mU/ml 328+046 shown).
IFN-y 500 U/ml 3 33 +0 34
TSH+IFN-y 3 03 +0 71 Scanning and transmission electron microscopy

Thyrocytes cultured in control medium were round and polygo-
Results are mean + s.d. nal in shape. There were few microvilli on the cell surface after 2

days (Fig. la) but they increased in number when cells were
cultured for 5 days. Tight junctions were seen between cells and

sntiumulat with 0eitherBbovinerTSH10mU/mlh(Sigma), .reom cytoplasmic organelles were sparsely distributed in the cytosolnant human IFN 500 U/ml (Boehringer, Ingelheim, Austria) or (i. ib) Adiino. S ote utr eimcue
both together for 2 days or 5 days. We studied IFN-y and TSH .

marked increase in follicle and acinar formation. There was also
at such a dose as our previous report showed that a lower dose of

nices ntelnt ndnme ftemcoil n
not ffec thyocye fuctio an TSH10 m/ml an increase in the length and number of the microvilli andIFN-y did not affect thy function and

, .m. -increased pseudopod formation on the cell surface (Fig. I c). The
gave maximal functional stimulation [1]. cells were filled with many lipid granules and lysosomes. There

Electron microscopy was also an increased number of ribosomes, as well as

prominence of Golgi apparatus, rough-surfaced endoplasmic
The thyrocytes cultured on glass plates were washed with PBS preticlman mohondiap (Fig. rd). Th edaont oplas-
and fixed with 2-5% glutaraldehyde in 0-1% cacodylate buffer, micfluamn however, a siml whencomae wt ce in.-as
pH 7 4 for 60 min at 40C, then washed in cacodylate buffer with rin stamte
0-1 M sucrose. The monolayers were then post-fixed with 1% resting state.

osmiu tetoxidefor h a roomtempratur andthen Addition of IFN-y resulted in change in morphology of the

osmiumatedwitroxideforie hfgatedroomnol.temperaturethyrocytes. Marked degeneration with shrinkage of cell mem-

dehydratedswithio lectrisof g icradedethanol.o studiest brane was evident on SEM (Fig. 2a). There was loss of microvilliFor transmission electron microscopy (TEM) studies, the g
and the cell membrane appreared disrupted. The cells became

cells were infiltrated with epoxy resin. Ultra-thin sections were fanttened s emshape wihenreasrediThencelearcy as
flattened, spindle shaped, with increase in the nuclear/cytoplas-cut, stained with lead citrate and saturated uranyl acetate and mic ratio. The chromatins were less granulated, and binucleated

examined in a JEOL JEM-100OOSX transmission electron micro-
cells were frequently seen (Fig. 2b). In the cytoplasm, two

scope at 80 kV.
striking organelle changes were seen. First, there were lysosomal

For scanning electron microscopy (SEM) studies, the cells granules, vacuoles, residual bodies and electron-dense lami-
were critical point-dried and coated with a gold-palladium film

nated bodies which were not present in normal cells. Second, the
and were examined in a Cambridge Stereoscan 150 scanning mitochondria showed degenerative and bizarre changes, with
electron microscope at 20 kV. mitochondrial swelling and autolysosome formation. However,

the amount of filaments were similar to cells in resting phase.Estimation of cellular DNA content
The diphenylamine method was used as described by Burton [2]. Co-culturing the cells with IFN-y and TSH resulted in

Briefly, the cells were extracted with 5% tricholoracetic acid and suppression of the morphological responsiveness to TSH. IFN-y
the DNA developing solution (consisting of diphenylamine, inhibited TSH-induced microvilli elongation and pseudopod

' formation. Degenerative changes were similarly observed in the
glacial acetic acid, H2504 and acetaldehyde) was added to the ita olsi raelsec htteewr esrsda
supernatant and allowed to react overnight at room tempera- yt a cg

bodies. However, there were no observable changes in the
ture. DNA in the samples was estimated by determination of number.ofcytoplasicefilamets.oFurtermore, binu the

optical density at 260 nm using calf thymus DNA (Sigma) as celbere againlfrequentlyment. these,however
standard. ~~~~~~~~~~~~cellswere again frequently encountered. These, however, were

standard.
not present in wells treated with control medium or with TSH.

Determination of TG Similar findings were observed in cells cultured for either 2 days

TG released into the medium was measured by a double or 5 days.
antibody radioimmunoassay (RIA) [3].

DISCUSSION
RESULTS The role of cellular mechanisms in the pathogenesis of autoim-

Cellular DNA estimation mune thyroid disease has been well described. Though the exact
When the thyrocytes were studied after the monolayers became mechanism which results in the activation of T lymphocytes
confluent, there was no difference between the DNA contents of remains elusive, the consequence of the released IFN-y from the
the cells cultured in either conditioned medium, TSH, IFN-y activated T cells on thyroid metabolism is now being appre-
alone or in combination (Table 1). Thus IFN-y at the dose of 500 ciated. We and others [4] have previously reported that IFN-y
U/mI did not cause lysis of the cell. Similar findings were alone does not affect the basal TG secretion, but in the presence
observed in cells cultured for either 2 or 5 days. of TSH it suppresses the stimulatory effect of TSH-induced TG
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Fig. 1. Human thyrocytes cultured in monolayer in the presence of either control medium (a, b) or TSH 10 mU/mI (c, d) for 2 days. (a)
Few short microvilli on the cell surface (SEM). (b) Few intracellular organelles ( x 4000). (c) Marked increase in number and length of
microvilli with pseudopod formation (SEM). (d) Increase in cytoplasmic organelles and colloid droplets after TSH stimulation
( x 4000).

secretion through inhibition of gene transcription. The present of TSH-induced microvilli elongation and pseudopod forma-
study provides further information on the morphological and tion. This finding was also reported recently in mouse thyrocytes
pathological mechanism of IFN-y on the thyrocytes. [7]. Furthermore, we observed that IFN-y inhibited the hyper-

Our findings suggest that IFN-y resulted in cytostatic effect trophy of Golgi apparatus and rough-surfaced endoplasmic
on the human thyrocytes in culture. The ultrastructural findings reticulum induced by TSH stimulation. These differential
of the thyrocytes were very similar to those observed in patients changes are necessary for colloid reabsorption and thyroid
with autoimmune thyroiditis [5,6]. Thyrocytes of patients with hormone synthesis and secretion [8], as was evidenced by a
Hashimoto's disease are characterized by a markedly dilatated suppression of TSH-induced TG release into the medium. This
endoplasmic reticulum, with an increase in lipofuscin and explains the association of hypothyroidism in patients who were
inclusion droplets, as well as in the number of mitochondria given IFN-y therapy [9]. We did not observe any significant
resulting in cytoplasmic oxyphilia. Our study similarly revealed change in the amount of cytoplasmic filaments. At the studied
that thyrocytes stimulated with IFN-y disclosed degenerative dose, IFN-y did not cause lysis of the thyrocytes, as reflected by
changes as illustrated by shrinkage of the cell membrane and by the constant amount of cellular DNA content. We further
the presence of lysosomal granules, laminated figures, autolyso- describe for the first time how in the wells treated with IFN-y
somes and degeneration of mitochondria. with or without the presence of TSH, binucleated cells were

In the presence of TSH, IFN-y showed marked inhibition of frequently seen. These binucleated cells were not present in
the morphological changes induced by TSH, such as inhibition those cells cultured in control medium or TSH alone. In the
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treatment [15]. This indicates that there is no major impairment
of either thymidine uptake or DNA synthesis in these cells.

The diverse action of IFN-y on cellular growth and differen-
tiation of various types of cells is well appreciated. While it
inhibited thyroid hormone synthesis and thyroid peroxidase
expression in thyrocytes [16], it induced morphological differen-
tiation in neuroblastoma cell lines with increase in cell-specific

~~ ~surface antigen expression and also increase in cytoskeletal
proteins [17]. Thus, IFN-y can result in either differentiation or
de-differentiation depending on the cell type studied [18].

Another important role of IFN-y in autoimmune thyroid
diseases is the induction of aberrant expression ofMHC Class II
antigen by the thyrocytes [19]. This action is further enhanced by
TSH which by itself has little effect [20]. Thyroid cell class II
antigens participate in activation and amplification of T cell
responses, leading to release of more cytokines, including

bo wvZ~tf @<><;;--fsr IFN-y. Released IFN-y thus further stimulates MHC Class II
F `4t i ' , ; .X^.t expression to propagate the inflammatory process and also

~~~~, suppresses thyroid hormone secretion.
In clinical situations, the thyroid gland of patients with

autoimmune thyroiditis, especially lymphocytic thyroiditis and
Hashimoto's thyroiditis, is infiltrated with inflammatory cells

.-zkF ,.1 r=^s;.;. < composed mainly of lymphocytes, plasma cells and macro-

phages [21] The number and size of the thyroid follicles may be

ability ofIFN-y to induce regeneration of the thyrocytes might

~~~~~ r thyroiditis would recover from the acute injury and do not suffer
J g * ^<' i f v ^ . >Be .s from permanent hypothyroidism. Indeed, the presence of giant

>~~~ ,~.: ; %;;.;cells with large hyperchromatic bizarre nuclei and vacoie
eosinophilic cytoplasm observed in autoimmune thyroiditis was

Fig. 2. Human thyrocytes cultured in monolayer and stimulated with believed to represent regenerating thyrocytes after exposure to
IFN y 500 U/ml. (a) Marked degeneration with shrinkage of cell the lymphokines released by the infiltrating T cells [22,23].
membrane (SEM). (b) Cell appeared spindle-shaped, vacuolated and Under EM the cytoplasm of these giant cells, termed Hurthle
decreased number of intracellular organelles. Cell with two nuclei shown cels ar fildwt' ag ubro iohnrarpeetn
( x 4000). Degeneration was evidenced by presence of laminated bodies miohnra eeeain[4.I sblee httepeec

(uppr iser x800)andbizare itohondia lowr inertx 800) Of these giant cells represents a transient regenerative stage with

compensation to cellular injury, where the surviving thyroid
follicular cells try to maintain normal thyroid function after the

present study, the thyrocytes in culture were already confluent in attack of thyroiditis with increase in number of intracellular
the wells and stopped proliferating due to contact-inhibition organelles that are responsible for protein secretion. Our
before the test agents were added to the medium. This simulates findings of binucleated cells in IFN-y-treated thyrocytes
the situation in adult human thyrocytes which have limited strongly support this theory. It is not certain how long this
proliferation capacity. Thus, we believe that IFN-y resulted in regenerative stage will last and in cases with severe tissue
degeneration and de-differentation of the thyrocytes, which damage, some patients will eventually develop hypothyroidism.
subsequently regained their growth potential and showed Unfortunately, there are no data on the tissue levels of IFN-y in
attempts at regeneration. However, the amount of DNA per patients with lymphocytic thyroiditis to correlate with the
well was not statistically different during the studied period. It dosage of IFN-y employed in the present study. The question
had been previously reported that IFN-y caused inhibition of arises as to why in vivo administration of IFN-y resulted only in
[3H]-thymidine incorporation in humans [10] and FRTL5-rat a disease state resembling Hashimoto's thyroiditis [9], and what
thyrocytes [11,12], but all these experiments were performed on is the role of IFN-y in Graves' disease which is caused by TSH
dividing cells which did not resemble the situation of normal receptor antibodies and characterized by hyperthyroidism and
adult human thyrocytes in vivo. Furthermore, the use of [3H]- thyroid follicular hyperplasia without features of degeneration
thymidine incorporation as an index for thyroid growth must be [25]. A possible explanation for the different biochemical and
treated with caution [13]. Indeed, it had been reported that histological featuresmaybe, first, there is enhancement ofTcell
although labelling ofnewly synthesizedDNAby[3H]-thymidine cytotoxicity in Hashimoto's thyroiditis which is not seen in
was inhibited within a few hours of IFN-y treatment in L1210 Graves' disease [26]. Second, the pattern of lymphocytic
leukaemia cells [14], the incorporation of [3H]-deoxyadenosine infiltration of the thyroid gland, which is diffuse in Hashimoto's
into DNA was scarcely altered. Again, in human fibroblast disease versus focal aggregation in Graves' disease, may
thymidine incorporation was not changed although the cells influence the level of IFN-y presented to the thyrocytes. Thus in
showed definite slowing of the rate of proliferation after IFN-y cases of Graves' disease which show similar histologic features
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of Hashimoto's thyroiditis, an associated tendency to immuno-
logic destruction of thyroid cells and hypothyroidism is
observed [27].

IFN-y inhibited the functional and morphological response
of cultured human thyrocytes to TSH. Furthermore, not only
did it not exert cytotoxicity, regeneration with binucleated cells
was seen. These observations simulate those findings in patients
with lymphocytic thyroiditis and suggest that IFN-y released by
infiltrating T lymphocytes may play an important role in
modulating this disease process.
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