
Detection of HLA-DR Antigens in Paraffin-Embedded
Thyroid Epithelial Cells With a Monoclonal Antibody

RICARDO V. LLOYD, MD, PhD,
TERRI L. JOHNSON, MD, MILA BLAIVAS, MD, PhD,

JAMES C. SISSON, MD, and
BARRY S. WILSON, PhD

The human Class II major histocompatibility (MHC) an-
tigens, or Ta antigens, which are thought to regulate im-
mune cell interaction, can be detected in paraffin-
embedded tissues by immunoperoxidase staining with a
recently developed monoclonal antibody (LK8D3). HLA-
DR antigens were observed in lymphoid tissues, Langer-
hans cells of the skin, some epithelial cells, and pulmo-
nary alveolar macrophages. The expression ofHLA-DR
antigens was analyzed in formalin-paraffin sections by
immunoperoxidase in 86 normal and abnormal thyroid
epithelial tissues. All patients with Hashimoto's disease
(8/8) and most patients with Graves' disease (6/8) ex-
pressed HLA/DR antigens in the thyroid epithelial cells
and in adjacent inflammatory cells. Most papillary car-
cinomas (12/18), including 3 of 5 follicular variant of
papillary thyroid carcinomas, had HLA-DR antigens de-
tected in epithelial cells; whereas medullary thyroid car-
cinomas (0/5), follicular carcinomas (0/5), and mul-

THE HUMAN CLASS II major histocompatibility
(MHC) antigens, or Ia antigens, are thought to regu-
late immunologic interaction of immune cells. In hu-
mans, Class II MHC antigens are coded for by genes
located in the HLA-D region on Chromosome 6. The
HLA-D region can be divided into three regions called
HLA-DP (formally SB), HLA-DQ (formally DC or
DS), and HLA-DR; and all of these regions code for
molecules exhibiting the classic bimolecular complex
of 34,000 and 28,000 molecular weight glycopolypep-
tides.' 2 Class II MHC antigens are commonly expressed
on B-lymphocytes, T-lymphocytes, monocytes, macro-
phages, Langerhans cells of the skin, dendritic cells in
lymph nodes, and endothelial cells.3 Recent studies have
suggested that many human epithelial cells, including
renal, bronchial, gastrointestinal, and breast cells, and
epidermal keratinocytes may also express HLA-DR
antigens4-8 The detection of HLA-DR antigens in fro-
zen sections of human tumors has been reported by
several investigators, primarily in melanomas.9 '3 They
have been detected in most cultured melanoma cell
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tinodular goiters (0/4) did not have detectable HLA-DR
immunoreactivity. A few other thyroid lesions had HLA-
DR antigens detected in epithelial cells, including
anaplastic carcinomas (2/5), Hiirthle-cell tumors (1/16),
and thyroid lymphomas (2/2). Monoclonal antibody
LK8D3 and two other commercially available monoclonal
antibodies against HLA-DR-stained tissues equally well
in cryostat sections, but only antibody LK8D3 was effec-
tive in formalin-fixed paraffin-embedded tissue sections.
These results indicate that epithelial cells from thyroids

ofpatients with autoimmune diseases commonly express
HLA-DR antigens. The presence of HLA-DR antigens
in most papillary thyroid carcinomas may be helpful di-
agnostically in cases offollicular variants ofpapillary car-
cinomas. The role ofHLA-DR expression in autoimmune
thyroid disease and in papillary thyroid carcinoma re-
mains to be determined. (AmJ Pathol 1985, 120:106-111)

lines9'0 and many other human tumors," but not in
normal skin melanocytes.9"0"12'13 Recently, HLA-DR
antigens were detected in adenocarcinomas and squa-
mous cell carcinomas of the lung, as well as in mela-
nomas, with the use of paraffin-embedded tissues.'4
These latter studies were made possible by the devel-
opment of a monoclonal antibody to human HLA-DR
antigens (LK8D3) which reacts in both frozen sections
and paraffin-embedded tissues.'4 Because of the excel-
lent, morphologic preservation of tissue in paraffin sec-
tions, detailed histopathologic studies on the expres-
sion of Ia-like antigens in pathologic tissues are now
possible.
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Expression of HLA-DR antigens has been found on
thyrocytes in patients with Graves' diseasel5 and in one
case of Hashimoto's thyroiditis. Normal thyroid tissue
which was negative for HLA DR also became positive
after stimulation with phytohemagglutinin.14'15 These
findings suggest that HLA-DR expression may be one
of the earliest manifestations of autoimmune thyroid
disease. However, a broad spectrum of thyroid tissues,
including thyroid neoplasms, has not been previously
examined for HLA-DR antigens. In this study we used
a monoclonal antibody that detects HLA-DR antigens
in formalin-fixed paraffin-embedded tissues to exam-
ine a large number of normal and abnormal thyroid
tissues, as well as a variety of other tissues, for the ex-
pression of HLA-DR antigens. The reactivities in
acetone-fixed cryostat and formalin-fixed paraffin sec-
tions with antibody LK8D3 are compared. The reac-
tivities of two other commercially available monoclonal
antibodies against HLA-DR are also compared with
that of LK8D3.

Materials and Methods

Preparation of Monoclonal Antibody LK8D3

Monoclonal antibody LK8D3 was prepared and
characterized as previously reported.14 This antibody
has been shown to belong to the IgG class and to react
with a bimolecular complex of 34,000 and 28,000
molecular weight polypeptides. Previous immunodeple-
tion studies showed that LK8D3 can react with the
HLA-DR class of the Class II MHC antigens. 14 Flow
cytometric analysis of the binding of antibody LK8D3
with a variety of cell lines typed for HLA-DP, HLA-
DQ, and HLA-DR antigens showed that LK8D3 reacted
only with HLA-DR-positive cells (personal communi-
cation, Dr. John Pesando, Fred Hutchinson Cancer Re-
search Center, Seattle, Washington).

Immunohistochemical Staining of Tissues

The avidin-biotin complex (ABC) immunoperoxi-
dase method was used, as previously described.'4
Formalin-fixed paraffin-embedded sections cut at 4,
were dewaxed, then treated with H202-methanol (1Wo)
for 15 minutes. Cryostat sections were cut at 8 ,u and
fixed in acetone at 4 C for 10 minutes. After washing
in phosphate-buffered saline (PBS), pH 7.2, and treat-
ment with suppressor serum for 10 minutes, the tissues
were incubated with 3-5 Mg/ml LK8D3 antibody for 60
minutes, monoclonal HLA-DR at 1/50 (Dako Corp.,
Santa Barbara, Calif), or I2 at 1/40 (Coulter, Hialeah,
Fla), and then washed in PBS and incubated with bio-
tin-IgG (Vector Laboratories, Burlingame, Calif) for

30 minutes. After PBS washes and incubation in avidin-
biotin peroxidase complex (Vector) for 30 minutes, the
tissues were treated with diaminobenzidine HCl (20
mg/dl) with 0.050'o H202, washed with distilled water,
and counterstained with hematoxylin. Controls for im-
munohistochemical study consisted of 1) omission of
the primary or secondary antibodies and 2) substitut-
ing another mouse monoclonal IgG antibody that
reacted with lymph node tissues in frozen sections but
not in formalin-fixed paraffin-embedded tissue sections
in place of the primary antibody.

Tissues

Tissue sections were obtained from the files of the
Pathology Department of the University of Michigan.
Frozen sections of the following cases were fixed in liq-
uid nitrogen and cut on a cryostat: papillary carcinoma
(3 cases), follicular variant of papillary carcinoma, fol-
licular carcinoma, Hurthle cell tumor, Graves' disease,
Hashimoto's disease, multinodular goiter (1 case each),
and two normal thyroids. Review of patients' charts was
done in some cases to confirm the histologic diagnoses
of Hashimoto's thyroiditis and Graves' disease. Nor-
mal thyroid tissue was obtained from the uninvolved
lobes of patients who had total thyroidectomies for thy-
roid carcinomas (5 cases). In addition, two specimens
of normal thyroid tissue were obtained from two au-
topsy subjects within 4 hours after death who did not
have any known thyroid or autoimmune diseases.

Table 1-Distribution of HLA-DR Immunoreactivity Detected
by Monoclonal Antibody LK8D3 in Epithelial Cells in Paraffin
and Cryostat Sections of Thyroid Tissues

Epithelial cell HLA-DR
immunoreactivity

Paraffin Cryostat
Tissues sections sections*

Normal thyroid
Multinodular goiter
Hashimoto's disease
Graves' disease
Follicular adenoma
Follicular carcinoma
Papillary carcinoma
Follicular variant of papillary
carcinoma

Medullary thyroid carcinoma
Anaplastic carcinoma
Hurthle cell tumors
Thyroid lymphomas

0/7
0/4
8/8t
618§
0/8
0/5
9/13§
3/5t

0/2
0/1
1/1
1/1
ND
0/1
3/3
1/1

0/5
2/05
1/16t
2/2t

ND
ND
1/1
ND

ND, not done.
* Sections stained with monoclonal antibodies HLA-DR (Dako) and 12

(Coulter) gave results identical to those of LK8D3 on cryostat sections.
t Diffuse immunoreactivity in greater than 60% of epithelial cells in most

cases.
t Focal immunoreactivity noted in less than 10% of epithelial cells.
§ Moderate immunoreactivity noted in 10-60% of epithelial cells.
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Figure 1-Thyroid tissue from a patient with Hashimoto's disease. Groups
of thyroid epithelial cells with Hurthie-cell changes show strong HLA-DR im-
munoreactivity. Many lymphoid cells are also positive with monoclonal an-
tibody LK8D3. (Immunoperoxidase, x 330)

Definitions of Staining Intensity

The following terms and definitions are used: focal
immunoreactivity, less than 1070 of cells staining posi-
tively; moderate immunoreactivity, between 1007o and
607o of cells staining positively; diffuse immunoreac-
tivity, 600/o or more of the cells staining positively.

Results

The results of immunostaining of normal and ab-
normal thyroid tissues are summarized in Table 1. A
few cases were excluded because the tissues were judged
as unreactive when staining was not observed in cells
typically reactive with HLA-DR antibodies, such as
inflammatory cells and vascular endothelial cells in

Figure 2-Thyroid tissue from a patient with Graves' disease showing posi-
tive immunoreactivity for HLA-DR antigen in most of the epithelial cells. (Im-
munoperoxidase, x 330)

formalin-fixed paraffin-embedded tissues. These in-
cluded one case of papillary carcinoma, two of follicu-
lar carcinomas, one of multinodular goiter, and sec-
tions from one specimen of normal thyroid tissue.
Lymphocytes in all cryostat sections were reactive with
antibody LK8D3. The immunoreactivities with anti-
bodies HLA-DR (Dako) and 12 (Coulter) were identi-
cal to LK8D3 in all 11 frozen sections (Table 1). How-
ever, of two formalin-paraffin sections of Hashimoto's
disease and one papillary carcinoma that were exam-
ined, all gave negative staining with the two other
monoclonals but were positive with LK8D3. Reactive
cases in paraffin sections included all cases of
Hashimoto's disease (8/8) (Figure 1) and most cases
of Graves' disease (6/8) (Figure 2), in which positive
staining for HLA-DR immunoreactivity was observed
on follicular epithelial cells. Interestingly, most papil-
lary thyroid carcinomas (12/18) (Figure 3), including
3 of 5 of these exhibiting the follicular variant of papil-
lary carcinoma (Figure 4), expressed HLA-DR antigens.
The staining for HLA-DR was diffuse on the cells of
Hashimoto's disease. In Graves' disease and in papil-
lary thyroid carcinomas, staining was focal to moder-
ate. Follicular carcinomas and adenomas gave uni-
formly negative reactions, as did medullary thyroid
carcinomas, normal thyroid tissue, and multinodular
goiters. However, the epithelial cells in a few anaplas-
tic carcinomas (2/5), two thyroid lymphomas, and one
Hurthle-cell tumor showed focal immunoreactivity for
HLA-DR antigens.
The relationship between HLA-DR antigens and the

presence of lymphocytic infiltrates in the thyroid is sum-
marized in Table 2. In general, there was a close rela-
tionship between the presence of many lymphocytes
within the thyroid and the expression of HLA-DR an-

Figure 3-Papillary thyroid carcinoma showing positive immunoreactivi-
ty for HLA-DR antigens in many of the tumor cells. (Immunoperoxidase,
x 330)
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Figure 4-Follicular variant of papillary thyroid carcinoma showing vari-
able HLA-DR immunoreactivity in tumor cells. (Immunoperoxidase, x330)

tigens. The strongest reactions for HLA-DR antigens
were usually seen where lymphocytes were in close prox-
imity to the thyroid epithelial cells. Six follicular ade-
nomas, four normal thyroids, and one multinodular
goiter, which exhibited slight lymphocytic infiltrates, ie,
less than 10Oe of the thyroid tissues, contained lym-
phoid cells without follicular destruction and were all
negative for HLA-DR antigens. In addition, several
cases of papillary and anaplastic carcinomas, which
showed slight lymphocytic infiltrate, had no detectable
HLA-DR antigens (Table 2).
The normal nonthyroid tissues, Langerhans cells of

the skin, dendritic cells in lymph nodes, vascular en-
dothelial cells, pulmonary alveolar cells, and colonic

Table 2-Relationship Between the Presence of a Chronic
Inflammatory Infiltrate and HLA-DR Antigens Detected by
Monoclonal Antibody LK8D3 in Thyroid Lesions*

Diagnosis

Hashimoto's disease
Graves' disease
Papillary carcinoma
Follicular variant of

papillary carcinoma
Lymphoma
Anaplastic carcinoma
Hurthle cell tumor
Normal thyroid
Multinodular goiter
Medullary carcinoma
Follicular adenoma
Follicular carcinoma

* Formalin-fixed paraffin
t HLA-DR positive in thl
t Number of cases with

Figure 5-Malignant large-cell lymphoma from lymph node stained with
monoclonal antibody LK8D3. There is distinct staining for HLA-DR antigens
on the cell surface of most of the tumor cells. (Immunoperoxidase, x 330)

epithelial cells, showed variable degrees of immunoreac-
tivity for HLA-DR antigens. Most nonthyroid carci-
nomas and sarcomas were negative for HLA-DR anti-
gens, but strong focal staining was noted in a vulvar
squamous-cell carcinoma and in the Touton giant cells
of a juvenile xanthogranuloma. Most lymphomas (4/5)
(Figure 5) and all malignant Langerhans cells in eo-
sinophilic granulomas (5/5) gave a diffuse reaction for
HLA-DR antigens (Table 3). Some fibroblastic cells
stained positively with LK8D3 in paraffin sections and
with all three monoclonal antibodies to HLA-DR in
the cryostat sections. Sections fixed in B5 stained con-
sistently stronger than formalin-fixed sections with an-
tibody LK8D3, whereas cryostat sections gave the stron-
gest positive immunoreactivity with antibody LK8D3.

Discussion

Percent of cases with lymphocytic Our results show that HLA-DR antigens can be read-
infiltrate in thyroid ily detected in formalin-fixed paraffin-embedded sec-

HLA-DR-positive HLA-DR-negative tions of tissues with monoclonal antibody LK8D3. The
casest cases immunoreactivity is stronger in cryostat sections than

% Numbert % Numbert in formalin-paraffin sections with antibody LK8D3,
100 8 0 0 whereas positive immunoreactivity was seen only in
83 5 50 1 cryostat sections with two other monoclonal antibod-
89 8 100 2 ies directed against HLA-DR (Dako and Coulter). The
67 2 100 2 finding of HLA-DR antigens in thyroid epithelial cells

100 2 0 0 in cases of autoimmune thyroiditis such as Graves' and
50 2 50 2 Hashimoto's diseases was not surprising; this has been
0 0 57 4 previously observed in frozen sections of human thy-
0 0 20 1 roid tissues.6"7 However, the presence of HLA-DR an-
0 0 20 1 tigens in papillary thyroid carcinomas, both in cryostat
0 0 62 6 and paraffin sections, was unexpected. Abundant lym-

phocytic infiltrates were correlated with HLA-DR an-

yroid epithelial cells. tigens in these neoplasms. However, in addition, other
lymphoid infiltrates. factors must be causative for HLA-DR immunoreac-
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Table 3-Distribution of HLA-DR Immunoreactivity in Formalin-
Fixed Paraffin-Embedded Sections of Nonthyroid Human
Tissues Detected by Monoclonal Antibody LK8D3

HLA-DR
immunoreactivity

Normal tissues
Skin-Langerhans cells 3/3*
Lymph node-dendritic cells 5/5*
Skeletal muscle 0/2
Colonic epithelium 2/2t
Pancreatic islet cells 0/2
Lung alveolar cells 5/5*
Parathyroid glands 0/2
Adrenal cortex and medulla 0/3
Pancreatic duct cells 2/2t

Epithelial neoplasms
Hepatocellular carcinoma 0/2
Pheochromocytomas 0/2
Colon adenocarcinoma 1/3t
Carcinoid tumors 0/2
Gastrinoma 0/2
Renal cell adenocarcinoma 0/2
Vulva-squamous cell carcinoma 1/it
Prostatic adenocarcinoma 0/2

Neuroblastoma 0/5
Choriocarcinoma 0/2
Breast adenocarcinoma 0/2
Pituitary adenoma 0/2
Malignant melanomas 3/12t14
Lung carcinomas-squamous 5/8t14
Lung adenocarcinoma 3/5*14

Other neoplasms
Lymphomas 4/5*
Granular cell tumor 2/3*
Juvenile xanthogranuloma 1/it
Malignant fibrous histiocytoma 0/1
Eosinophilic granuloma 5/5t
Fibrosarcoma 0/1

* Diffuse staining noted in greater than 60% of cells in most cases.
t Focal staining noted in less than 10% of cells in most cases.
t Moderate staining noted in 10-60% of cells in most cases.

tivity, because many cases with equal degrees of lym-
phocytic infiltration exhibited no HLA-DR immuno-
reactivity. It is not known whether the phenotype of
T- and B-lymphocytes within the thyroid directly
influences the expression of HLA-DR antigens in thy-
roid epithelial cells. In one recent study all patients with
Graves' disease had an increased percentage and num-
ber of circulating Ia' T cells."8 It has been proposed
that these Ia' T cells are related to acute or chronic ac-
tivation of the immune system. Other investigators have
reported that Riedel's thyroiditis had 47% IgA B cells,
whereas Hashimoto's thyroiditis had a predominance
of IgG B cells (8507o) with only 15%7o IgA cells,"9 indi-
cating differences in the B-cell phenotypes between these
two forms of thyroiditis.19 In previous studies it was
also observed that many patients with Hashimoto's thy-
roiditis had an increase in the HLA-DRW3 antigen
in peripheral-blood and bone-marrow-derived B-
lymphocytes.20
The autoimmune nature of various thyroid diseases

such as Graves' and Hashimoto's is well known.2,22 One
common hypothesis is that there may be a defect in T-
lymphocyte control in the pathogenesis of autoimmune
thyroid disease.2 Recent evidence suggests that gamma
interferon, an inducer of HLA-DR expression in com-
petent immune cells, induces the synthesis of HLA-DR
on normal thyrocytes in vitro, and it appears to act pref-
erentially on glands removed from HLA-DR3 individ-
uals.23 Other studies have shown that stimulation of
normal human thyroid cells in vitro with the lec-
tin/mitogen leucoagglutinin also resulted in the expres-
sion of HLA-DR antigens in these cells.24 The possi-
bility that soluble factors released by lymphocytes, such
as interferon, may be the causative agent of HLA-DR
expression in papillary thyroid carcinoma, as has been
suggested for the HLA-DR expression of normal thyro-
cytes,23 is yet to be determined. Although lymphocytic
infiltration correlated with HLA-DR expression in our
study, this was not always the case. Thus, other un-
known factors are probably related to the expression
of HLA-DR in thyroid tissues.
The distribution of HLA-DR antigens in nonthyroid

tissues in this study was consistent with that in previ-
ous studies in which HLA-DR antigens were detected
in lymphoreticular cells, Langerhans cells, and some
endothelial cells.3 Our previous studies indicated that
HLA-DR antigens could be detected by monoclonal an-
tibody LK8D3 in formalin-fixed paraffin-embedded tis-
sues from some melanomas and lung carcinomas. 14 The
present study extends the categories of abnormal thy-
roid lesions that express immunoreactive HLA-DR an-
tigens, particularly in papillary neoplasms derived from
thyroid epithelial cells, where HLA-DR antigens are not
normally expressed. The presence ofHLA-DR antigens
in papillary thyroid carcinomas, but not in follicular
tumors, should be helpful in distinguishing follicular
variants of papillary carcinomas from follicular carci-
nomas in more difficult diagnostic cases. The ability
of monoclonal antibody LK8D3 to react with the
majority of formalin-fixed paraffin-embedded tissue
sections should also prove to be a useful diagnostic tool.
Finally, the presence of HLA-DR antigens in most
papillary carcinomas raises many questions about the
possible immunologic role of HLA-DR expression in
papillary thyroid carcinoma.
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