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ABSTRACT

The expression of monomorphic determinants of the histocompatibility
leukocyte antigens (HLA) class I antigens by human malignant tumor
cells was studied in tissue specimens of 70 primary tumor lesions obtained
from patients with carcinoma of the breast (41 patients), colon (8 pa
tients), urinary bladder (8 patients), and kidney (13 patients), and in
samples of either synchronous or metachronous lymph node, lung, or
liver mÃ©tastasesavailable in 44 of the patients. The frequencies of HLA
class I expressor and nonexpressor tumor cells were determined by
immunohistochemical staining of histolÃ³gica! sections of fresh frozen
tissue samples with the W6/32 monoclonal antibody. The tumor cell
populations in the majority of the primary lesions consisted predomi
nantly of HLA-immunoreactive cells (observed in 38 of 70 patients;
54%), especially in those patients who did not have clinical evidence of
metastatic disease (8 of 11 patients; 73%). Various degrees of loss of
reactivity were observed in other primary lesions, although in only 8
(12%) tumors (7 of which were obtained from patients with metastatic
disease), the neoplastic cells were nearly exclusively HLA-nonreactive.
In contrast, the majority of metastatic lesions consisted of either predom
inantly HLA-negative cells (33 of 44 specimens; 75%) or mixed popula
tions (10 of 44 specimens; 23%), whereas only one metastatic lesion
manifested HLA class I antigen staining in more than 70% of its tumor
cells (P = 0.0005). Intravascular clusters of tumor cells consisted pre
dominantly of HLA class I nonexpressors. The observed patterns of
distribution of HLA expressors and nonexpressor tumor cells are com
patible with the notion that HLA-negative cells in human carcinomas
manifest a selective advantage with regard to metastatic progression and
growth. The suppressed expression of major histocompatibility complex
class I antigens on metastatic cells may lead to failure of presentation of
cell surface tumor specific epitopes to host cytotoxic T-lymphocytes.
Such a process would enable tumor cells to evade host immune responses
and would promote and enhance cell dissemination and metastatic growth.

INTRODUCTION

Tumor progression and metastatic dissemination are associ
ated with expression or modulation of several gene products
that characterize the neoplastic cell. One category of such
products is those cell surface molecules that control host im
mune reactivities against cancer cells. Since reactivity of cyto
toxic T-cells against cell surface epitopes requires conjugation
of such epitopes to class I antigens of the MHC1 (1), suppression

of MHC class I antigen expression would enable tumor cells in
general, and metastatic cells in particular, to evade host immune
responses. It was indeed shown that transfection of //-2Ã„*
nonexpressor AKR lymphoma cells with syngeneic H-2K genes
converted these cells into nontumorigenic phenotypes (2). Al
though the in vitro growth of AKR lymphoma cells was not
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affected by H-2K* gene insertion, their in vivo growth was
prevented because the transfectants elicited in the mouse H-
2A* restricted cytotoxic T-cell responses (2). Similar observa

tions were recently made in other tumor systems (3, 4). Fur
thermore, it was shown that cells within local tumors pro
grammed to generate metastasis exhibited altered patterns of
MHC gene expression (5-8). Thus, the metastatic competence
of cloned cell populations of the mouse 3LL Lewis lung carci
noma cells was correlated with the level of suppression of H-
2/f* gene expression (6-9). The relationship between MHC

class I expression and the metastatic competence appeared to
be a causal relationship, since transfection of cells from met
astatic clones with //-2Ã„* genes converted metastatic to non-
metastatic phenotypes (10-13). This conversion was shown to
be a function of acquisition by the transfectants of H-2K11

restricted immunogenic properties (14).
It was, therefore, of obvious interest to study to what extent

the malignant properties of human tumors are also associated
with suppression of MHC gene expression. This question has
recently attracted the interest of a number of research groups
that examined whether cells of human tumors manifested sup
pressed expression of HLA genes. The most frequently studied
human tumors have been melanoma (15-19) and colorectal
carcinoma (20-23), in which immunoperoxidase staining with
monoclonal antibodies against monomorphic framework deter
minants of the HLA system showed reduction or even loss of
HLA-A,B,C gene products in various fractions of the tumor
cells in fresh-frozen tissue specimens. There have, however,
been inconsistent observations regarding the correlation of
HLA suppression and the development of metastatic dissemi
nation and prognosis in studied patients (24, 25). The problem
is perhaps related to the fact that most studies did not include
systematic immunohistochemical analysis of the HLA-A,B,C
antigen expression on the primary tumor cells and on cells of
metastatic lesions in the same patients. In the present study,
we describe the frequency of expression of HLA-A,B,C antigens
on tumor cells in primary tumor lesions of several types of
human neoplasms and in metastatic tumors obtained from the
same patients. Our data demonstrated consistent differences in
the patterns of expression HLA class I antigens in neoplastic
cells of primary versus metastatic lesions, in which the primary
tumor cells exhibited high levels of reactivity while the met
astatic cells showed a generalized loss of expression of MHC
antigens. Whether these patterns reflect the consequences of
immunoselection of HLA-A,B,C nonexpressors as an impor
tant determinant controlling tumor cell dissemination and met
astatic growth is a challenging question that deserves further
consideration.

MATERIALS AND METHODS

Source of Tissues. Surgical biopsy specimens were obtained from the
primary lesions of 70 patients with carcinoma of the breast (41 patients),
colon (8 patients), urinary bladder (8 patients), and kidney (13 patients).
A representative portion of each specimen was fixed in formalin and
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embedded in paraffin for histopathological studies, whereas the remain
der was immersed within 1-2 h of resection in isopenthane precooled
in liquid nitrogen, embedded in OCT compound in cryomolds (Miles
Laboratories, Inc., Naperville, IL), and stored at -70Â°C until further

processed for immunohistochemistry. Before the immunohistochemical
staining, the tissue specimens were examined histologically and were
found to be well preserved. In addition to specimens from the primary
tumor lesions, samples of metastatic lesions from either synchronous
or metachronous lymph node or distant mÃ©tastaseswere also obtained
in 44 of the patients. The specimens from the metastatic lesions were
processed according the same method as described for the primary
lesions.

Reagents. Immunohistochemical staining of HLA-class I antigens
was performed using the mouse monoclonal antibody W6/32, which is
an immunoglobulin of the IgG2 class (26). This antibody recognizes
the monomorphic framework determinants of the HLA-A,B,C class I
antigens (26). It was utilized as a purified immunoglobulin preparation
at approximately 20 Mg/ml in PBS containing 2% bovine serum albumin
(PBS/BSA). The negative control staining was performed with purified
mouse monoclonal antibodies directed against Escherichia coli cell
surface glycoprotein used at the same working dilutions (bcr-25, 20 ng/
ml; Oncogene Science). Positive control staining was performed with
purified antibodies against cytokeratin and vimentin at the same con
centrations (Signet Laboratories, 20 Â¿ig/ml).Immunostaining of endo-
llidia! cell factor VIII antigen was performed with a 1:1000 dilution of
a rabbit polyclonal antiserum to factor VIII related antigen (Dako CA).
The secondary antibodies for the immunostaining of the HLA-class I
antigen and cytokeratins were affinity purified biotinylated horse anti-
mouse IgG (heavy and light chain specific; 1:100 dilution in PBS),
whereas for the immunostaining of factor VIII antigen a goat anti-
rabbit IgG (1:800 dilution) was used. This was followed by avidin-
biotin-peroxidase complexes (1:25 dilution in PBS; Vector Laborato
ries, Inc., Burlingame, CA).

Immunohistochemical Technique. An avidin-biotin complex tech
nique was used, according to the method described previously (27). To
assure that tissue sections adhere, slides were cleaned in 95% alcohol
and subbed in 0.3% gelatin solution containing 0.05% chromium po
tassium sulfate in distilled water. Cryostat-cut tissue sections (4-8 ^m
thick) were used unfixed or fixed for 10 min with either 1% formalin
in PBS (pH 7.4), cold acetone, or 95% ethanol. Endogenous peroxidase
activity was quenched by incubation with 0.1% hydrogen peroxide in
distilled H:O for 10 min. Tissue sections were washed 3 times in PBS
for 5 min each, and then incubated with blocking serum (10% normal
horse serum in 2% PBS-BSA) for 20 min. All incubations were per
formed at room temperature in wet chambers. Blocking serum was
drained off and the sections incubated for l h with the primary antibody,
with appropriate dilution having been previously established. Sections
were washed with PBS and incubated for 45 min with secondary horse
anti-mouse biotinylated antibodies, also previously titrated for optimal
dilutions, followed by avidin-biotin peroxidase complexes (1:100 in
PBS) and diaminobenzidine (DAB) solution as chromogen. The dia-
minobenzidine solution was filtered and incubated with the tissue
sections for 6 to 12 min. After treatment, the sections were washed
with distilled H2O, counterstained with hematoxylin, and mounted with
permount (7, 15). Slides were examined by 2 independent investigators,
and 10 high power fields were scored for each specimen to estimate the
frequency of positive or negative immunostaining.

RESULTS

HLA Expression in Benign and Malignant Breast Tissues.
The epithelial cell lining of ducts and acini of the normal breast
parenchyma showed strong staining with the W6/32 antibody.
Myoepithelial cells and normal connective tissue elements,
including fibroblasts and endothelial cells, were similarly
strongly reactive (Fig. IA). The epithelial cells lining benign
breast lesions, such as benign cysts and apocrine metaplasia
(Fig. l, B and C), and desmoplastic reactive fibroblasts and

inflammatory cells (i.e., lymphocytes, monocytes, and poly-

morphonuclear leukocytes) also reacted intensively with the
W6/32 monoclonal antibody. An example of a primary intra-

ductal carcinoma (carcinoma in situ) is shown in Fig. ID,
demonstrating that all tumor cells expressed the major histo-
compatibility antigens in a fashion similar to that of normal
breast ductal epithelium. However, tumor cells of invasive
lesions exhibited heterogeneous patterns of reactivity. Whereas
the majority of such tumor cells were HLA class I expressors
(Fig. IE), there were various numbers of nonexpressors ob
served as either single cells mixed within the background of
expressor positive populations (Fig. IF), or as clusters of pre
dominantly nonexpressor cells (Fig. IG). Of the 41 primary
tumor lesions examined, 18 (44%) showed predominantly pos
itive staining patterns, 16 (39%) showed a mixed pattern, and
7 (17%) were predominantly negative. Blood vessel invasion
was noted in several of the primary lesions, in which the
intravascular clusters of tumor cells consisted predominantly
of nonreactive cells. Furthermore, tumor cells in metastatic
lesions (22 in lymph nodes and 3 in the lung) also consisted
predominantly of nonexpressor cells (Fig. l, H and /). In 21
(84%) of the metastatic lesions, more than 70% of the neoplastic
cells were negative to HLA immunostaining, whereas only a
single specimen exhibited a predominantly positive staining
pattern. In several of the metastatic lesions, clusters of highly
positive tumor cells were noted, and in some lesions these cells
were found to surround capillaries in 1 or 2 tumor cell layers,
with a decreasing gradient of reactivity observed as a function
of the distance from the blood vessel, leading to a uniformly
negative staining pattern in the more remote cells. The normal
tissue elements identified in the metastatic lesions stained pos
itively for W6/32, contrasting the general negativity of neo
plastic cells (Fig. l, H and /).

HLA Expression in Normal Kidney and Renal Cell Carcinoma.
All normal elements of the human nephron, such as the glo-
merular elements (parietal cells of Bowman's capsule, podo-

cytes, and mesangial cells), and all epithelial cells lining the
proximal tubules and the distal collecting ducts, reacted posi
tively with the antibody. Compared with the other types of
primary tumors analyzed in this study, the tumor cells of
primary renal cell carcinoma when reacting with the W6/32
antibody exhibited more dense cell membrane immunohisto
chemical staining. Five of the primary tumors (38%) exhibited
a mixed pattern of staining with approximately 50% of the
tumor cells showing deletion of the major histocompatibility
antigens. In all other cases, the staining was predominantly
positive, although occasionally clusters of negative cells were
found within the background of HLA-A,B,C positive cells (Fig.
2A). Blood vessels invaded by tumor cells were found to contain
predominantly W6/32 nonreactive tumor cells. Of the met
astatic lesions obtained in 9 of the patients, 5 were predomi
nantly negative (Fig. 2B) and 4 showed mixed patterns. The
presence of layers of positively stained tumor cells surrounding
capillaries within a background of negative cells was observed
in both primary (Fig. 3A) and metastatic (Fig. 3B) lesions. As
shown in Fig. 3B, the first one or several layers of tumor cells
immediately adjacent to the perivascular space showed intense
immunoreactivity, whereas the more remote cells showed de
creasing reactivities leading to a uniform background of non-
reactive metastatic tumor cells.

HLA Expression in Normal Colon and Colonie Carcinoma.
The epithelial cells of the colonie mucosae, including absorp
tive, goblet, and cryptic cells, were all immunoreactive with the
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Fig. 2. W'6/32 Â¡mmunohistochemical staining of section from primary and metastatic tumor lesions of carcinoma of the kidney and colon. A, primary tumor lesion

from a patient with renal cell carcinoma, showing mostly immunoreactive cells and 2 clusters of negative tumor cells (arrows). B, metastatic lung lesion of renal cell
carcinoma from the same patient. Note the strong staining of the fibrovascular elements (arrows) and of lymphocyte infiltration, but the lack of immunoreactivity of
the metastatic tumor cells. C, primary adenocarcinoma of the colon showing positive staining of the tumor cells. D. hepatic metastasis from the same colonie tumor.
Note the positive staining of fibrovascular elements and hepatocytes, whereas the metastatic tumor cells are negative.

W6/32 monoclonal antibody. Fibrovascular elements and
smooth muscle cells of the gastrointestinal tract were also
strongly immunoreactive. Seven of the eight primary tumor
specimens (87%) showed a pattern of reactivity in which 70%
or more of the tumor cells were strong expressors of HLA class
I antigens (Fig. 2C). In several sections of these tumors, we
observed intravascular clusters of tumor cells that consisted
predominantly of HLA class I negative cells (Fig. 3, C and D).
Metastatic lesions were available in 6 of the patients, consisting
of liver (2 cases) or lymph node (4 cases) mÃ©tastases.The
patterns of tumor cell staining in the metastatic sites were either
predominantly negative (Fig. 2D) (3 cases) or mixed (3 cases).
The normal hepatocytes and fibrovascular elements of the liver
stained positively for the W6/32, again contrasting the negativ
ity of the metastatic tumor cells. In several of the mÃ©tastases,
the presence of perivascular positively stained tumor cells was
noted, whereas the more remote cells were exclusively negative.

HLA Expression in Normal Urothelium and Bladder Carci
noma. The epithelial cells of the mucosa of the urinary bladder
showed an intense immunoreactivity throughout all layers of
the urothelium cells. Strong positive staining was also observed
in the fibrovascular elements of the lamina propria and in the
smooth muscle cells of the bladder wall. The neoplastic cells in
6 of 8 (75%) primary tumor lesions of invasive transitional cell
carcinomas consisted of 70% or more immunoreactive cells. In
one case, approximately 50% of the primary tumor cells were
in clusters of nonexpressors, and in another case with a highly

anaplastic tumor, over 95% of the tumor cells were HLA-A,B,C
nonexpressors. In several primary tumors, multiple small blood
vessels were found to contain tumor cell emboli, consisting of
HLA class I negative cells. Metastatic foci in 4 lymph nodes
were all predominantly negative to the antibody stain, and in
one case clusters of positive cells were found to exclusively
surround small blood vessels.

Comparison of HLA Expression in Primary and Metastatic
Tumor Lesions. Table 1 summarizes the patterns of W6/32
immunoperoxidase staining of the primary tumor lesions in 70
patients with carcinoma of the breast, colon, kidney, and uri
nary bladder. Specimens showing 70% or more expressor tumor
cells were classified as "mostly positive," 30% or less as "mostly
negative," and scores of 30-70% were classified as "mixed."

Table 1 shows that 54% of the primary tumors were mostly
positive, whereas in the rest more than 30% of the tumor cells
did not react with the W6/32 antibody and were classified as
either mixed (34%) or as mostly negative (12%). There was,
however, a correlation between the initial presence or subse
quent development of metastatic disease and the frequency of
HLA nonexpressors in the primary tumor specimens. Of the
patients who did not show clinical evidence of mÃ©tastasesat
initial diagnosis or within the first 5 years after diagnosis, 73%
of the primary tumor specimens were predominantly positive,
and only 1 patient (9%) exhibited a mostly negative pattern. In
contrast, only 22 of 49 (45%) primary tumor specimens ob
tained from patients with synchronous or metachronous nielas
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Fig. 3. W6/32 immunohistochemical characterization of HLA-A,B,C class I expression in perivascular and intravascular tumor cells. A, primary renal cell
carcinoma showing 3 to 7 layers of immunoreactive tumor cells adjacent to blood vessels (bv). Tumor cells at distance from blood vessels are nonreactive (im). B,
metastatic renal cell carcinoma showing strong staining on the first 1 to 3 layers of tumor cells surrounding a blood vessel (arrows). C, blood vessel in the primary
lesion of a carcinoma of the colon containing an embolus of tumor cells that have undetectable levels of class I antigens. Note strong immunostaining of endothelial
cells. D. a tumor embolus in a capillary within a primary lesion of carcinoma of the colon, showing nonreactive tumor cells (arrows).

Table 1 HLA class I antigen expression on cells of malignant tumors in primary
lesions from 70 patients with carcinoma of the breast, colon,

urinary bladder, and kidney

Patients were categorized according to sites of synchronous or metachronous
mÃ©tastasesdeveloping within the first 5 years after initial diagnosis.

HLA expression on primary
tumor cells

MetastaticdiseaseNone(n=

11)
Regional lymph nodes (Â«= 36)
Distant mÃ©tastases(n = 13)
Unknown (n =10)Total

(n = 70)Mostly

positive8
(73)Â°

14 (39)
8(62)

8(80)38

(54)Mixed2(18)

15(42)
5(38)

2(20)24

(34)Mostly

negative1(9)

7(19)
0

08(12)

*Numbers in parentheses, percent.

Table 2 HLA class I antigen expression on cells of malignant tumors in primary
carcinoma lesions and in synchronous or metachronous mÃ©tastasesfrom

the same patients

Primary lesions Metastatic lesions

Mostly Mostly Mostly Mostly
positive Mixed negative positive Mixed negative

Breast (n = 25) 8 11 6 1 3 21
Colon (n = 6) 51 33
Bladder (n = 4) 3 1 4
Renal (n = 9) 6 3 45
Total (n = 44) 22(50%) 15(34%) 7(16%) 1(2%) 10 (23%) 33 (75%)

tases were mostly positive, whereas the other 27 (55%) exhibited
significant loss of HLA class I antigen expression, involving
more than 30% of the tumor cells in the primary lesions. Of
interest is a group of 10 patients in whom mÃ©tastaseswere not
found at the time of initial diagnosis, but who were lost to
follow-up shortly thereafter. Although the eventual metastatic

outcome in these patients is unknown, it should be noted that
their pattern of primary tumor immunoreactivity was similar
to that observed in patients who did not develop mÃ©tastases.
Table 2 compares the HLA immunostaining profiles in 44
primary tumor specimens and in synchronous or metachronous
metastatic lymph node, lung, or liver lesions obtained from the
same patients. Although 50% of the primary tumors were
predominantly positive and only 16% were scored as predomi
nantly negative, a converse pattern was observed in the met
astatic lesions. Only 2% of the metastatic lesions consisted
predominantly of HLA-positive cells, and 75% were predomi
nantly negative. A Pearson's x: test showed that the differences

in the patterns of HLA immunostaining between the primary
and the metastatic tumor lesions were highly significant (P <
0.0005).

HLA Expression on Intravascular Emboli of Tumor Cells. As
mentioned earlier, intravascular clusters of tumor cells were
observed in primary tumor lesions of all histologies, almost
exclusively exhibiting lack of reactivity to the W6/32 antibody.
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Fig. 4. Serial sections from the primary tumor lesion of a patient with carcinoma of the breast, showing an intravascular focus of tumor cells. A, hematoxylin and
eosin staining, identifying an Â¡ntravascularthrombus of tumor cells (rm). B, immunohistochcmical staining with anti-keratin antibodies, demonstrating the epithelial
nature of the tumor cells. C, immunohistochemical staining with anti-factor VIII antibodies, confirming the intravascular location of the tumor cells. D,
immunohistochemical staining with W6/32 antibodies, demonstrating that the intravascular tumor cells do not express HLA A,B,C determinants.

An example of such a case is shown in Fig. 4. To evaluate the
nature of the intravascular clusters, selected cases were studied
using consecutive tissue sections from the same block stained
with hematoxylin and eosin, and with anti-cytokeratin antibod
ies, anti-factor VIII related antibodies, and the W6/32 antibody.
Immunohistochemistry with anticytokeratins has previously
been used to identify microscopic tumor residual in both mar
row and lymph nodes of patients with different types of tumors
(28), whereas the specific intravascular localization of tumor
cells has been assessed by the immunohistochemical stainings
that identify factor VIII antigen, specifically expressed on the
surface of endothelial cells (29). Fig. 4 shows an example of
such a study in a primary tumor lesion from a patient with
carcinoma of the breast. Blood vessels containing tumor cell
emboli were initially identified using hemotoxylin and eosin
stains (Fig. 4.-1), and immunohistochemical stainings of the
subsequent section demonstrated reactivity to anticytokeratin,
thus confirming the epithelial nature of the intravascular cluster
of cells (Fig. 4B). The subsequent section (Fig. 4C) was im-
munostained with anti-factor VIII antibody, localizing the tu
mor cells as residing inside the blood vessel lumen, whereas the
W6/32 immunostaining (Fig. 4D) demonstrated that the intra
vascular emboli consisted of HLA nonexpressor tumor cells.
Using this approach of serial stainings with the antibodies and
with hematoxylin and eosin, it was possible to determine the
microanatomic localization of clusters of the tumor cells, as
well as the phenotypic expression of the HLA-A,B,C determi
nants on these cells.

DISCUSSION

Our study describes the immunohistochemical patterns of
HLA-A,B,C class I expression of the neoplastic cells in the
primary and tumor cells of metastatic lesions in a variety of
human carcinomas. The data revealed a consistent pattern of
MHC gene expression, in which the cell population of the
primary tumor lesions consisted of predominantly expressor
cells, whereas the metastatic populations were predominantly
nonexpressors. Furthermore, although the frequency of immu-
noreactivity in primary tumor lesions obtained from patients
without clinical evidence of metastatic disease was uniformly
high, the immunoreactivity in specimens obtained from patients
who also developed metastatic disease was mixed. These pat
terns of MHC gene expression are consistent with the hypoth
esis that intact expression of major histocompatibility deter
minants in malignant cells represents a primary characteristic
of the neoplastic cell, but that the metastatic transformation is
associated with the loss of expression of MHC antigens (13).

The question of whether human neoplasms manifest altered
patterns of expression of the MHC genes, and whether such
alterations might be causally related to the malignant properties
of human tumors, has constituted the basis of a significant
number of recent studies. Most published data demonstrated
that cells of human tumors are heterogeneous with regard to
cell surface expression of HLA class I determinants. The only
human tumor that was claimed to manifest an increase in HLA-
A,B,C expression is hepatocellular carcinoma. Compared with
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normal hepatocytes, a high proportion of tumors (94.3%)
showed an elevation of both cytoplasmic and membrane HLA-
\,B.( molecules, with antibody staining being uniformly dis
tributed throughout the tumors (30). All other tumor studies
showed either a total loss of gene expression in a small number
of cases or various degrees of reduction of cell surface expres
sion, based on the proportion of positive compared with nega
tive cells in the tumor cell populations. In human melanomas,
the primary tumors were essentially found to express HLA class
I antigens, although various degrees of expression loss were
described that appeared to correlate with the invasiveness of
the primary tumor (17). On the other hand, reduction of class
I expression was described with high frequency in metastatic
populations of human melanomas (17, 31-33), although Tara-
melli et al. (34) and Natali et al. (35) reported that both the
primary tumors and the metastatic lesions exhibited a similar
high frequency of preserved class I antigen expression. The
metastatic cell populations in these studies seemed, however,
heterogeneous with regard to the level of expression by individ
ual cells (36). In fact, Angelini et al. (37), using complementary
DNA probes to detect HLA class I gene products, suggested
that cells of human melanoma seemed to have lost some poly
morphic restriction fragments of HLA genes (37). Based on the
ratio of class I to class II expression on melanoma cells, Van
Duinen et al. (19, 25) suggested that the relative levels of HLA
antigens may be related to the clinical course and to life ex
pectancy of the patients. In view of the apparent correlation
between HLA class I expression and metastatic dissemination
in human melanomas, it is of interest to note the recent studies
that reported that normal melanocytes (38) and benign nevi
(17, 39) consisted of MHC gene product nonexpressors.

Heterogeneities in HLA class I expression were also reported
in breast carcinoma (40) and in colorectal (20, 41) and other
gastrointestinal tumors (42). In fact, the loss of HLA-A,B,C
(41) seemed to correlate with the degree of de-differentiation

in gastrointestinal tumors (21, 23). Whereas normal colonie
mucosa and benign adenomas did not show reduced 1II.A-
A,B,C expression (21), there was a correlation between the
extent of HLA class I expression and the degree of de-differ
entiation in colorectal (42) and in a number of other digestive
tract tumors (42). However, the inverse relation between the
expression of HLA-A,B,C antigens and the degree of differen
tiation did not correlate with the survival in colorectal carci
noma patients (24), except for the mucinous type of colorectal
adenocarcinoma, in which poor prognosis seemed to be corre
lated with a low expression of HLA class I antigens (22).

In studies in which HLA expression of primary colon tumors
was compared with that of metastatic populations, no correla
tion was demonstrated between antigen expression and the
degree of tumor dissemination (42), confirming an earlier state
ment of lack of significant difference in class I expression
between the primary tumors and their metastatic foci (27). In
fact, there appeared even a denial of the correlation between
the expression of the HLA antigens and the biological features
of the tumor (22).

To clarify the functional implications of the alterations in
MHC class I expression in primary and metastatic human
tumors, we examined in the present study the distribution of
the nonpolymorphic framework determinants of the HLA-
A,B,C in primary and in metastatic lesions obtained from the
same patients. Our aim was to explore whether the immuno-
histochemical patterns of HLA expression relate to the dynamic
process of tumor cell dissemination and metastatic growth. We

observed that although in general the tumors were heteroge
neous with regard to the expression of MHC class I antigens,
they still manifested defined patterns with regard to the met
astatic progression. As shown Fig. 1, normal cells of ducts and
breast parenchyma, were highly positive, and so were the cells
of benign and apocrine metaplastic cysts. In fact, even cells of
the primary intraductal breast carcinoma showed a uniform
high expression of the HLA-A,B,C antigens, similar to normal
breast ductal epithelium. On the other hand, the invasive com
ponents of primary breast carcinoma consisted of a mixture of
positive and negative cells (Fig. l, E and F). An interesting
phenomenon was that when tumor blood vessel invasion was
observed, the intravascular clusters of tumor cells were predom
inantly HLA nonexpressors. This could perhaps be related to
negative immunoselection of the metastatic disseminating phe-
notypes of tumor cells, and predicts that metastatic foci would
consist of predominantly nonreactive cells. Indeed, although
mÃ©tastasesin various organs showed a range ot'im mu IKÂ¡reactiv

ities, the majority of the tumor cells were still negative. It is
also of interest to note that in some of the metastatic lesions
the perivascular tumor cells were highly positive, with a decreas
ing gradient of reactivities as a function of the distance from
the blood vessel.

Basically similar patterns of reactivity were found in bladder
tumors. Whereas the invasive transitional cell carcinomas in
the primary tumors showed a predominantly positive pattern
of staining, the majority of the tumor cells in metastatic foci of
lymph nodes were HLA class I nonexpressors. Similarly, the
cell populations of primary renal cell carcinoma and carcinoma
of the colon were generally reactive to the W6/32 antibodies,
blood vessel invading tumor cells were predominantly HLA
nonexpressors, and the metastatic foci were predominantly
negative.

Our observations on the histolÃ³gica! distribution of reactivi
ties of HLA-A,B,C determinants in primary versus metastatic

human tumors may reflect functional properties of the malig
nant cells. Although cells of the primary tumors mostly ex
pressed MHC class I molecules, clusters of low expressors or
nonexpressors appeared in all tumors tested. The extent to
which such clusters represent cloned populations of metastatic
phenotypes, derived from individual cell variants, remains an
attractive but as yet an open question. It should be noted that
many of the patients included in our study were intentionally
selected because both primary and metastatic tissues were avail
able for immunoperoxidase staining. Therefore, the presence
of metastatic phenotypes within the primary tumors was ex
pected. The selective advantage of HLA nonexpressor cells as
the metastatic phenotypes suggests itself because of our obser
vation that disseminating intravascular emboli of tumor cells
were mostly nonreactive to the antibodies. In fact, at the sub
sequent sequential steps of the metastatic growth, namely at
the lesions located in the metastatic organs, deletions of MHC
expression were largely manifested. Yet, we observed that per
ivascular tumor populations consisted of one or several layers
of highly expressor cells, with levels of expression gradually
decreasing with the distance from the blood vessels. Whether
these sites represent microenvironments in which MHC genes
are turned on, and if so, what are the inducing signals, is a
question that deserves further study. In any event, this phenom
enon is compatible with the notion that the suppressed stage of
HLA expression is reversible. It also suggests the possibility
that the presence of HLA class I immunoreactive cells within
metastatic sites does not necessarily reflect a capability of
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expressor tumor cells to metastasize, but could result from a
secondary reinduction of HLA class I expression in negative
cells after their colonization at the metastatic sites.

Since it appears that cells programmed to generate metastasis
constitute a defined phenotype within the heterogeneous pri
mary cell population, we suggest that the frequency of HLA
class I nonexpressor cells within primary lesions could possibly
be used as a prognostic marker with regard to tumor progres
sion. Such determination may be applied in conjunction with
other markers of metastatic phenotypes in predictive assays yet
to be developed, designed to identify prospectively patients who
are candidates for cure by eradication of the primary tumor
alone, versus those who would require adjuvant therapies.

In murine models of metastatic progression, the specific
suppression of the H-2K genes of the MHC was found to
correlate with the acquisition of metastatogenic properties by
cloned tumor cell populations. The question of whether defined
subsets of polymorphic alÃeledeterminants of the HLA-A,B,C
complex specifically function as presenters of tumor antigens
in human tumors was recently addressed in studies in which
patterns of deletion of polymorphic gene products were studied
(43-48). Thus, Smith et al. (44, 45) observed that in 7 of 13
patients with colorectal carcinoma the HLA-A2 glycoprotein
was completely lost on the tumor cells, compared with 4 of 13
for the HLA-Bm4 and 1 of 6 for HLA-A3 gene products. It
was thus suggested that the HLA-A2 glycoprotein might be the
most effective of the 3 molecules in presenting tumor antigens
to cytotoxic T cells. In another study, similar losses of HLA-
A2 molecules were described in human colorectal tumors. This
study also showed a complete loss of all the monomorphic
HLA-A,B,C proteins in 5 of 85 of the patients (46). Other
studies reported basically similar observations on complete loss
of all HLA-A,B,C proteins in certain cases (47, 48). If the loss
of HLA-A,B,C antigens observed in human tumors reflects the
process of negative immunoselection of the metastatic pheno
types, as the case seems to be from the present study, then the
notion of inserting HLA genes into tumor cells to increase their
immunogenic properties is a challenging idea. A similar ap
proach in murine experimental models demonstrated that trans
fection with the H-2K gene resulted in cells that elicited H-2K
restricted anti-tumor cytotoxic T-lymphocytes. Such trans-
fected cells were used as effective cellular vaccines to immunize
mice against the formation of mÃ©tastases(10-14). Analysis of
CTL generated after immunization of mice with the H-2K
transfectants indicated that they lyse very effectively homolo
gous H-2K transfected target cells. Yet, such CTLs were found
also to cross-react and lyse cells of the parental highly met
astatic H-2K nonexpressor phenotypes (12, 14). It appeared
that the so-called nonexpressor cells were not completely devoid
of H-2K glycoproteins. They did manifest a low density of cell-
surface H-2K molecules. This density was too low to make the
cells capable of effectively presenting the tumor antigens for
the induction of significant levels of CTLs. Yet this low density
was sufficient to make the parental cells susceptible to H-2K
restricted CTLs generated in response to H-2K transfectants
(10-14).

On the basis of this cross-reactivity, mice were immunized
against inactivated (X-irradiated and mitomycin-treated) high
expressor H-2K transfectants. When such mice were then
grafted with the highly metastatic parental cells, lung mÃ©tas
tases were hardly produced (12). In an immunotherapy model,
mice were transplanted first with the parental highly metastatic
cells, and after an initial period of local growth they were weekly

immunized against inactivated transfectants. Mice exposed to
3 immunizations showed a dramatic reduction of lung mÃ©tas
tases, which were practically prevented after subsequent im
munizations (11, 12).

We may, therefore, assume that even the HLA nonexpressor
tumor cells do express a low level of HLA class I molecules,
which may make them susceptible to CTLs produced after
immunization with inactivated HLA-transfected tumor cells.
Hence, the use of HLA class I gene transfectants of tumor cells
as cellular vaccines in trials aimed at immunotherapy of human
tumor metastasis is an objective that warrants further
consideration.
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