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SUMMARY

Infiltration of the thyroid gland by lymphocytes is a hall-mark of autoimmune thyroid disease; it is
particularly evident in Hashimoto's thyroiditis but is also seen in most patients with Graves'
disease. Infiltrating cells are comprised primarily of T lymphocytes, of which only a minority
appears to be activated. Their precise pathogenic role is largely unknown. Since perforin has been a

marker for functionally activated cytotoxic T cells in situ we elected to assess the presence of
perforin-containing cells in thyroid-infiltrating lymphocytes and establish their phenotype. Cells
were isolated from seven subtotal thyroidectomy specimens, five from patients with Graves'
disease and two with Hashimoto's thyroiditis. The novel findings were as follows: CD4+ perforin-
containing T cells occurred only in Hashimoto's glands, suggesting a class II-restricted component
of cytotoxicity; in Graves' disease, and to a lesser extent in Hashimoto's, perforin-expressing cells
were primarily T cell receptor a,/3 CD4-CD8- (double negative); double negative perforin-
containing cells in peripheral blood of normal individuals were largely 7y6' T cells. In Hashimoto's
samples, the predominant population ofT cells expressing perforin was CD8+. By comparison, in
studies of the synovial fluid of knee joints from patients with rheumatoid arthritis only a minor
population of the perforin-containing cells was double-negative. The data suggest significant
differences in cytotoxic autoimmune mechanisms between the two autoimmune thyroid diseases.
Functional characterization of double-negative T cells is necessary to define their role in
autoimmunity.
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INTRODUCTION

Autoimmune thyroid disease (AITD) includes the two extremes
of a clinical spectrum, Hashimoto's thyroiditis (HT) and
Graves' disease (GD), characterized respectively by hypo-
and hyperthyroidism. The pathogenesis of the former is pri-
marily immune destruction of the thyroid and the typical
histology includes lymphocytic infiltration of the gland, fre-
quently with lymphoid follicle formation [1]. These features are
found to a highly variable degree also in thyroids of patients
with GD in which the hyperthyroidism is due to a thyroid-
stimulating antibody [2,3]. Because of the physical availability
of the gland, AITD is an excellent human model for study of
organ-specific autoimmunity.

Although an autoimmune pathogenesis of AITD is sup-
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ported by the production of autoantibodies to thyroid antigens,
the presence of lymphocytic infiltration in the thyroid and a
genetic association with loci of the MHC, the precise cellular
immunological mechanisms mediating the disease are not clear
[1,4]. Phenotypic studies of intrathyroidal lymphocytes in
AITD have shown a predominance of T lymphocytes and a
variety of their subsets, including suppressor/cytotoxic (CD8+)
and T cell receptor (TCR) a,/3 CD4-CD8- cells [5-9]. How-
ever, the relative contributions of T cell subsets to the disease
are not easily determined since activated T cells are a minority
within the thyroid [7,10,1 1].

Perforin, a cytotoxic molecule able to form pores in the
membranes of target cells, is inducible in activated TCRafl'
cytotoxic T lymphocytes (CTL). It is constitutively expressed in
natural killer (NK) cells [12-14] and in TCRy6' T cells [15].
The expression of perforin in T cells has been a marker for
functionally activated cytotoxic cells in situ [16,17]. More
recently, TCRa,/3 CD4-CD8- cells, a major T cell popula-
tion in autoimmune lpr/lpr mice [18], were shown to express
perforin and to be cytotoxic [18]. To evaluate the possible
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involvement of in vivo activated cytotoxic cells, we have
assessed thyroid-infiltrating lymphocytes (TIL) from patients
with AITD for the presence of perforin, and established the
phenotype of perforin-containing cells.

Here we report that perforin is expressed by several
subpopulations of TIL, including CD4+ and TCRa/3L
double-negative T cells. Therefore our results suggest a pos-

sible role for perforin in the pathogenesis of AITD. The
significance of the phenotype of perforin-containing cells we

found in the disease is discussed.

PATIENTS AND METHODS

Patients
Thyroidectomy specimens from five patients with GD and two
patients with HT were studied. All patients with GD had the
diagnosis of hyperthyroidism confirmed by elevated serum

thyroxine levels and suppressed thyrotropin values, while
patients with HT were defined by the presence of clinical and
biochemical hypothyroidism and positive titres of thyroid
microsomal antibody. All Graves' patients were treated with
an anti-thyroid drug (propylthiouracil or methimazole) and
iodide before surgery, while the two Hashimoto's patients were
receiving thyroxine.

Of the seven thyroids, one from a GD patient and one from
a subject with HT were simply weighed and processed for
harvesting of TIL. The remaining thyroids were also analysed
histologically. The four GD glands were described in a previous
study [3], 1, 3, 4 and 5 of the current experiment being,
respectively, 12, 11, 8 and 5 of that earlier report. As shown
there, the degree of lymphocytic infiltration in 23 glands varied
widely, with a derived index ranging from 0 to 50 000 [3]; the
indices from glands 1, 3, 4 and 5 were 90, 155, 356 and 831. We
assessed one of the Hashimoto's thyroids (H 2, Table 1)
similarly and calculated an index of 50 000, i.e. 50% of the
tissue was comprised of lymphocytes. The available portions of
the five Graves' glands ranged in weight from 55 g to 103 g and
the number of lymphocytes obtained were from 14 x 107 to
2-6 x 108. The tissue of the two Hashimoto's thyroids, weighing
44g and 200g, yielded 4-7 x 108 and 4-6 x 108 TIL, respect-
ively. It was the 44-g fragment that was 50% infiltrated.

For comparison, lymphocytes from the synovial fluid from
knee joints of six patients with rheumatoid arthritis (RA) and
peripheral blood mononuclear cells (PBMC) from three normal
subjects were also obtained. Tapping of synovial fluid was part
of the routine clinical treatment of RA.

Preparation of lymphocytesfor analyses
Following the procedure of McLachlan et al. [19], surgically
obtained thyroid tissue was macerated, digested with collagen-
ase (class 2, Worthington Biochemical Co., Freehold, NJ) and
resulting cells were seeded into culture flasks in Dulbecco's
modified Eagle's medium (DMEM; GIBCO, Grand Island, NY)
containing 20% fetal calf serum (FCS). Unattached cells,
comprising primarily lymphocytes, were removed 20 h later
and separated by density centrifugation on a Ficoll-Hypaque
gradient (Sigma, St Louis, MO) to yield TIL. Density centri-
fugation was also used for purification of lymphocytes from
synovial fluid and peripheral blood. Cells, in RPMI 1640
medium supplemented with 50% fetal bovine serum (FBS)
and 10% DMSO, were stored in liquid nitrogen. For
analyses, they were rapidly thawed, washed in PBS, fixed in
1-5% paraformaldehyde/l % sucrose in PBS and washed again.
Then they were cytocentrifuged onto poly-(L-lysine)-coated
slides (Sigma) and air-dried.

Monoclonal antibodies
Mouse anti-human perforin MoAb was generated as described
[20] and was biotinylated using biotinamidocaproate N-hy-
droxysuccinamide ester (Sigma) according to a standard pro-
cedure [21]. Anti-CD4 (T4) and CD56 (NKH-1) MoAbs were

purchased from Coulter Electronics (Hialeah, FL); anti-CD8
was from Boehringer Mannheim (Mannheim, Germany); anti-
TCRafl was obtained from T Cell Sciences, Inc. (Cambridge,
MA); anti-CD3 was from American Type Culture Collection
(Rockville, MD); and anti-TCR-yb was a kind gift from Dr
M. G. Lichtenheld (Department of Microbiology/Immunology
of this School of Medicine).

Immunofluorescence
Two-colour fluorescence staining was performed at room

temperature as follows. The slides were rinsed in PBS-0.1%

Table 1. Phenotypes of thyroid-infiltrating lymphocytes (TIL) in autoimmune thyroid
disease identified by two-colour immunofluorescence

Per cent positive cells

TIL CD3+ CD4+ CD8+ CD56+ TCRaf,+ TCR-y6+ Perforin+

G 1 83 40 31 6 71 7 4.5
2 86 24 43 6 82 9 8-0
3 90 49 27 3 64 2 05
4 86 44 31 7 80 5 0-5
5 79 50 31 4 83 5 1 0

H 1 84 38 43 4 68 3 5-5
2 67 36 33 7 66 2 1 5

G 1-5 and H 1, 2, TIL from five Graves' (G) and two Hashimoto's (H) disease glands.
In each instance at least 200 TIL were assessed to obtain independently the frequency ofa
surface marker-positive (red fluorescence) or perforin-positive (green fluorescence) cells.
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Fig. 1. Phenotypic characterization of thyroid-infiltrating lymphocytes (TIL) by two-colour immunofluorescence. The series of photomicrographs on
the left show staining for surface markers as indicated (CD3, CD4, CD8, TCRaO). Photomicrographs on the right show paired staining with anti-
perforin (P). Arrows denote cells positive for a specified marker and perforin. In panel CD8 one cell is CD8+ bright and one CD8' dim (smaller
arrow). (Original magnification x 1000.)

472



Perforin expression by thyroid-infiltrating lymphocytes

Table 2. Surface antigens expressed by perforn-containing lymphocytes from Graves'
and Hashimoto's disease glands and from synovial fluid from patients with rheumatoid

arthritis as determined by two-colour immunofluorescence analysis

Per cent positive cells

Ly CD3+ TCRaoT TCRy6+ CD4+ CD8+ bright CD8+dm CD56+

GI 86 60 10 0 11 8 22
2 88 75 5 0 14 9 9
3 86 79 8 0 14 6 11
4 88 82 8 0 12 12 13
5 80 82 1 0 20 5 7

HI 88 72 6 9 42 8 8
2 78 74 5 12 40 21 14

RA 1 29 27 0 0 4 18 75
2 16 16 1 0 10 24 85
3 16 13 2 0 10 19 85
4 12 12 1 0 6 24 87

Ly, infiltrating lymphocytes; G1-5 and H1, 2, thyroid-infiltrating lymphocytes from
Graves' (G) and Hashimoto's (H) disease glands; RA 1-4, lymphocytes from synovial
fluid from patients with rheumatoid arthritis (RA). In each instance, values are from the
analyses of at least 100 lymphocytes that contained perforin.

bovine serum albumin (BSA), quenched by 0 75% glycine
(Sigma), and incubated for 20 min with 1% normal goat
serum in PBS-BSA, that was then decanted. Slides were next
incubated with control mouse IgG, or the antibodies indicated,
for 2 h, washed, and then incubated with rhodamnine isothio-
cyanate-conjugated goat anti-mouse IgG (Southern Biotech
Associates, Inc., Birmingham, AL). After rinsing, the slides
were further incubated overnight at 40C with biotinylated anti-
perforin MoAb, or biotinylated mouse IgG as a control,
followed by streptavidin-FITC (Sigma) staining. In each
experiment perforin-containing YT cells [20] served as a
positive control.

Using a Zeiss Axioplan microscope (Carl Zeiss, Ober-
kochen, Germany) and magnification x 1000, analyses were
carried out by counting at least 200 TIL for phenotype
determination and 100 perforin-positive cells for their pheno-
type. The final calculation of the distribution of perforin-
positive cells among different phenotypes was based on the
following assumptions: (i) all ^6 cells are part of the double-
negative T cell population; and (ii) all CD8 + bright, as well as
CD4+ cells, are also CD3+.

Cell sorting and analysis of CD4- CD8- double-negative T cells
PBMC from three normal individuals were incubated with anti-
CD4 and anti-CD8 MoAbs for 30 min at 4°C. The cells were
washed and subsequently stained with FITC-conjugated goat
anti-mouse IgG (Southern Biotech Associates). After three
washes with PBS-BSA at 4°C, the cells were incubated with
biotinylated anti-CD3 (Becton Dickinson, Mountain View,
CA), followed by PE-conjugated streptavidin (Southern Bio-
tech Associates). Cells were sorted using a FACStar Plus
(Becton Dickinson) and the purity of separated CD3+CD4-
CD8- cells was checked by repeat flow cytometry. These cells
were further fixed, cytospun, and incubated with anti-perforin,

anti-TCRaf or anti-7y6 MoAbs, then stained with FITC-
conjugated goat anti-mouse IgG and assessed by microscopy
for their phenotype.

Statistical analysis
For assessment of statistical significance of differences the data
were analysed by Student's t-test.

RESULTS

Phenotypes of thyroid-infiltrating lymphocytes
MoAbs to several surface antigens were used to assess the
phenotype of the infiltrating lymphocytes. As shown in Table
1, the TIL were predominantly CD3+, with a distribution of
24-50% CD4+ and 27-43% CD8+ cells. The individual
CD4/CD8 ratios were higher for Graves' TIL with the excep-
tion of G2. (To exclude possible inaccuracy of the method
employed, the TIL from G2 were subjected to analysis by
flow cytometry and the results obtained by microscopy, as
shown in Table 1, were confirmed; the percentages for CD3+,
CD4+ and CD8+ cells by the two methods were 85/86, 25/24
and 40/43.) On average, for all seven TIL, the population of
NK cells (CD56+), TCRac4+ and oy6+ T cells accounted for
5 3%, 73-4% and 4-7%. As per cent of total CD3+ cells,
values (mean + s.e.m.) for TCRa/3+ and -yb+ cells were 89-9
+ 4-4% and 5-7 + 1 1%, while the ratio of TCR-y6'/
TCRaf+ cells was 0 061 ± 0-12; these results are comparable
to those reported by McIntosh et al. for Graves' TIL using
flow cytometry [22]. Staining with anti-perforin MoAb
showed that 0 5-8% of all infiltrating cells expressed perforin
in Graves' and 1-5-5 5% in Hashimoto's glands. In short,
there were no predominant phenotypes among TIL that
could be taken as characteristic for either disease.
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Table 3. Distribution of perforin-positive cells among different
phenotypes

Per cent perforin-positive cells (mean ± s.e.m.)t

Graves' Hashimoto's RA
Phenotype (n = 5) (n = 2) (n = 4)

CD3as(+ CD4-CD8- 61-4 + 35 21, 22 9 8 ± 4-6*
CD3-yb+ CD4-CD8- 64 1-6 6, 5 1 0 i 04
CD3a/3+ CD8+bbright 14-2 1-6 42, 40 7 5 1-5**
CD3aoB+ CD4+ 0 9, 12 0
CD56+ CD8+dlm 12-4 ± 2-6 8, 21 83-0 ± 2.7*

P values for RA versus Graves': * <0 001; **<002.
t The data were compiled under the assumption that all -y6+ cells are

double-negative and that all CD8+ bright and CD4+ are CD3+.
RA, rheumatoid arthritis.

Phenotypes of perforin-containing thyroid-infiltrating lympho-
cytes
Characterization of the phenotype of perforin-containing cells
was by two-colour fluorescence staining and representative
data (TIL from H 1, Table 1) are shown in Fig. 1. Table 2
summarizes the surface antigens expressed by perforin-contain-
ing cells from five patients with GD. CD3+ T cells contributed
80-86% to the perforin-positive cells. Only a small fraction of
these T cells (1-10%) was TCR-y6+, the majority expressing the
a:3 receptor. Significantly, the large majority of CD3+ T cells
containing perforin was double-negative, TCRc,3+. This can be
concluded from the complete absence of the CD4 marker and
the presence of only 11-20% of CD8 + bright cells. (CD8 +dim
cells are likely to belong to the NK cell population [23]; they
were included, therefore, in the total of the CD56+ NK cells,
shown in Table 3.) Hence CD3+CD4-CD8-TCRac3+ cells
contributed 61-4% of all perforin-positive cells in the five GD
TIL samples analysed (Table 3). The mean + s.e.m. of the
various perforin-positive cells and their assignment by a series
of two-colour fluorescence analyses are shown in Table 3.

In the TIL from two patients with HT (Table 2), 40% and
42% of the perforin-containing cells were CD8+ high intensity,
indicative of a greater activation of cytotoxic T cells. Of the
perforin-positive cells, 9% and 12% stained for CD4, suggest-
ing involvement of a CD4+ cytotoxic component in this
disease. Twenty-one per cent and 22% of the cells were
double-negative TCRao+ cells (Table 3).

Phenotypes of perforin-containing cells in synovial fluid from
knee joints ofpatients with RA
Our finding of CD4-CD8- T cells and CD4+ perforin-contain-
ing cells raised the possibility that these phenotypes might also
exist in other autoimmune diseases. To evaluate this, we
analysed the phenotype of perforin-containing cells in synovial
fluids from patients with RA. From the six available samples
106-6 x 107 mononuclear cells were obtained, but two of the
six had no perforin-containing cells. These two were from
patients receiving high doses of immunosuppressive drugs, i.e.
methotrexate 20 mg/week and a combination of methotrexate
10mg/week + prednisone 10mg/day. In the four samples
analysed, between 6% and 17% (12-3 + 2-3%, mean ±
s.e.m.) of the cells were perforin-positive, a value significantly
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Fig. 2. Separation of CD4- CD8- T cells from peripheral blood of a
normal subject. In the top panel FACS profiles during sorting show
double negative T cells to comprise 14-2% of the total peripheral blood
mononuclear cells (PBMC) (11% of all CD3+ cells). In the post-sorting
analysis, bottom panel, this population is 99-6% pure.

higher (P < 0 01) than the combined result obtained with TIL
from all seven thyroids (31 + 1-1%, Table 1). As shown in
Table 2, most perforin-positive cells were CD56+ NK and 4-
10% were CD8+bfght CTL. No CD4+ cytotoxic T cells were
found. As summarized in Table 3, synovial fluid, compared
with Graves' TIL, contained fewer perforin-positive
CD4-CD8-TCRaf+ and CD8+bnght cells, and approx.
seven-fold more CD56+ cells.

Expression of perforin in CD4-CD8- T cells from peripheral
blood of normal subjects
Using PBMC from three normal subjects, CD3+ double-
negative T cells were isolated by sorting to determine whether
they expressed perforin. Of the CD3+ cells 12-8 ± 6-4% (mean
± s.d.) were double-negative (91 + 5-4% of all PBMC). In the
post-sort analyses the double negative T cell population was
99 1 + 0-8% pure. Representative data are shown in Fig. 2. The

Table 4. Perforin expression and T cell receptor (TCR) phenotypes of
CD4-CD8- T cells in peripheral blood from normal subjects

Per cent positive cells

No. Perforin+ TCRcao+ TCRyb+

1 56 ND ND
2 51 ND 88
3 71 16 82

CD4-CD8- T cells were obtained by sorting (see Fig. 2). ND, Not
done.
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double-negative T cells expressed perforin at a frequency of 51-
71% and they were 82-88% TCR-yb' (Table 4). Peripheral
blood of normal subjects therefore does not seem to contain a
significant subpopulation of perforin-positive CD4-CD8-
TCRal3 T cells that are characteristic of TIL in AITD.

DISCUSSION

We have analysed perforin expression among TIL that have an
ill-defined pathogenic role in autoimmune thyroid disease
[7,24]. The limited number of samples studied emphasizes the
variability in the yield of TIL from Graves' thyroid [3] and the
rarity of thyroidectomy in patients with Hashimoto's disease.
Using a MoAb to perforin, which was previously shown not to
react with human thyroid tissue [20], we found expression of
perforin in lymphocytes isolated from AITD glands. The
central role of perforin for cytotoxicity is supported by its
delicate transcriptional regulation and its restriction to profes-
sional killer cells [25]. Perforin expression in lymphocytes
infiltrating tissue in vivo correlates with the manifestation of
T cell-mediated cytotoxicity [26-30]. Therefore, perforin
expression in thyroid infiltrates may indicate that perforin-
secreting cytotoxic lymphocytes play a role in the pathogenesis
of AITD.

Our analysis of the phenotype of perforin-containing cells
in autoimmune thyroid disease revealed two important and
novel findings. First, CD4' perforin-containing cells were
found only in thyroid infiltrates from HT, suggesting a class
IT-restricted component of cytotoxicity. Second, perforin-posi-
tive T cells of the TCRaflCD4-CD8- phenotype predomin-
ate in GD and to a lesser extent in HT. These cells are a minor
population in either synovial fluid from patients with RA or in
peripheral blood of normal subjects.

CD4+ T cells are generally regarded as helper cells which
recognize antigenic peptides presented by MHC class II mole-
cules. On the other hand, they may also be cytotoxic, killing
target cells bearing class II molecules and appropriate antigen;
for instance, most human CD4' CTL specific for HIV are
perforin-positive [31]. Thyroid epithelial cells in vivo express
MHC class II molecules on their surface when the gland is
infiltrated with lymphocytes [3,32], the intensity of expression
paralleling the degree of infiltration [3,33]. In addition, although
not found in vivo [34], thyrocytes can be induced to express
intercellular adhesion molecule-l [34,35] and are shown to secrete
certain cytokines, e.g. IL-la and IL-6 [36]. Thus, thyroid
epithelial cells have the potential to present autoantigen directly
to thyroid antigen-specific CD4' T cells without the requirement
for other antigen-presenting cells. The presence of perforin-
containing CD4' lymphocytes may result in the destruction of
epithelial cells presenting MHC class II-specific antigen.

Our finding of a high proportion ofTCRcaO+CD4-CD8- T
cells expressing perforin in AITD represents the first demon-
stration that this T cell subpopulation may contribute to the
disease. Artefacts are unlikely, since treatment of lymphocytes
with collagenase as used for TIL isolation does not decrease the
expression of cell surface antigens CD3, CD4 and CD8 [8]. A
role for double-negative T cells in AITD has to be considered
based on their relationship to autoimmunity [18,37-39], immu-
nodeficiency [40], as well as tumour immunity [41,42]. TCR-y6'
double-negative T cells are known to express perforin and to
mediate cytotoxicity [15], presumably against microbial anti-

gens. The role of TCRafl+ double-negative T cells is not clear,
and only recently they have been shown to express perforin [18].
Another report [43] indicated that such cells obtained from
peripheral blood of normal individuals express a restricted V:
repertoire and an invariant TCRa chain. This finding is
consistent with a unique role of this T cell subpopulation,
whose restricting element may be a non-polymorphic class I
molecule. The origin of the TCRc,43 double-negative T cells in
general and those reported here is not known. However, their
presence in athymic nude mice and certain properties suggest
that they have not been selected in the thymus [44,45]. TCRafl+
double-negative T cells have been found in epithelial tissue such
as human nasal mucosa [46] and normal skin [47], and in the
epidermis of athymic mice [48]; these may be the sites providing
extrathymic education to resident double-negative T cells [46-
48].

Similar to infiltrating lymphocytes in the pancreas of
diabetic mice [26] and during heart allograft rejection [20],
only a minor fraction of TIL expressed perforin. Even in
acute viral infection in mice, such as hepatitis caused by the
hepatotropic LCMV strain, only about 15% of the infiltrating
cells express perforin [27]. These cells, however, are critical for
removal of the virus and animal survival; perforin-deficient
mice die due to their inability to eliminate the virus [49].

For comparative purposes, we also analysed synovial
infiltrates from patients with RA. These data offer three
points of interest: (i) perforin-containing TCRa,3+ double-
negative T cells were present in this autoimmune disorder,
though their percentage was much lower than in AITD; (ii)
CD4+ perforn-containing cells were not detected in the
synovial fluid, which contrasts with published, but indirect,
findings [30]; (iii) most of perforn-containing cells were NK
cells, indicating non-specific cytotoxicity at this disease site,
while there is antigen-specific cytotoxicity in AITD.

In conclusion, this study provides evidence for perforn
expression in thyroid-infiltrating lymphocytes, thus implying
a role for T cell-mediated cytotoxicity in AITD in vivo. In
addition to CD4+ and CD8+ perforn-containing lymphocytes,
a large population of TCRa,4+CD4-CD8- perforn-containing
T cells was found in situ. Further characterization of these cells
in the thyroid gland in AITD and in target organs in other
autoimmune diseases may help in understanding their function
and contribution to autoimmunity.
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