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HLA class I and II expression was studied on 244 (177 primary and 67 metastatic)
solid human tumours of different origin. Alkaline immunophosphatase (APAAP)
and immunoperoxidase were used on cryostatic sections to stain MHC antigens,
Monomorphic MoAbs were used against class I heavy chain, f2-microglobulin,
DR, DQ and DP molecules.

Class I expression was homogeneous on colon, melanoma and epidermoidal
primitive tumours. Loss of HLA class I antigens was more frequent on basal cell
carcinomas and sarcomas and was related to tumour differentiation on larynx
carcinoma. Class I expression was heterogeneous on breast, larynx and stomach
primitive neoplasias. Class I negative tumours were more frequent on metastatic
than on primitive melanomas. Divergence of class I between primary tumours
and autologous metastases was observed on melanomas, larynx and colorectal
carcinomas.

Class IT expression was heterogeneous on all tumours and in a large number of
cases was associated with high intensity of leukocytic infiltrate. HLA-DR
expression was higher than HLA-DP and HLA-DQ (DR> DP >DQ) and was
related to tumour progression. Four human tumour cell lines were modulated
with recombinant interferon-y for HLA class I and II antigens. Different HLA
profiles were obtained: increased class I and I1 expression, increased class I1 or a
low response.

Finally, class I genes from 22 tumours were compared with autologous
normal cells by Southern blot analysis: 12 tumours were class 1 positive and 10
negative. No clear differences in RFLP were observed that could be associated
with class I rearrangement. The results are discussed in relation to the role that
histocompatibility antigens may play in tumour progression and invasiveness.

Introduction

The products of class I histocompatibility antigens are 45 kd polymorphic cell
surface glycoproteins, present on most somatic cells in association with f2-
microglobulin [29]. These antigens function as targets directing the attack of
cytolytic T lymphocytes (CTLs) against virally infected or neoplastic cells [39].

The class II histocompatibility antigens are composed of two polypeptides, the
o and f chains, weighing about 34 and 28 kd, respectively, and comprise the gene
products of the DR, DP and DQ loci located in the HLA-D region {32]. These

molecules act as restriction elements for T helper cells [14].
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Much evidence suggests that alterations in expression may play a crucial role in
oncogenesis and metastasis [18]. In several tumour systems the absence of class I
histocompatigility antigen expression has been correlated to greater tumour
aggressiveness [16,17]. Furthermore, the participation of these molecules in
tumoral rejection has been confirmed in gene transfection experiments [21]. Other
reports suggest, however, that the increase of a particular ¢lass I molecule may be
related to more invasiveness and metastasis [12].

This paper describes a study of class I and Il histocompatibility antigen
expression in 244 surgically removed tumours (177 primary tumours and 67
metastases) of different origin (colon, larynx, breast, melanoma, stomach) and
Southern blot analysis of class I genes.

Materials and methods

Tumour specimens

Most of the tissues were obtained from patients being seen in the Department of
General Surgery. None of the patients had received radiotherapy and/or chemo-
therapy prior to surgery. Histopathologic diagnosis was confirmed in paraffin
sections. All tissues were snap-frozen in liquid nitrogen cooled with isopentane after
coating with OCT within 1-2 h of removal and were stored in liquid nitrogen until
sectioning for study.

Cryostatic sections 5 um thick were cut and allowed to dry at room temperature
for 4-18 h, after which they were fixed for 10 min in acetone, wrapped in aluminium
foil and stored at —4°C until stained.

Alkaline immunophosphatase staining. Sections were incubated with the first
antibody in a humidified chamber at room temperature for 45 min. After washing
with 0-05 M Tris-buffered saline (pH 7:6) (TBS). Sections were first incubated for
30 min with rabbit antimouse immunoglobulin (1 : 20) (DAKO), washed with TBS
and reincubated for. 30 min with APAAP complex (DAKO). After washing with
TBS, chromogen was added (0:2 mg/ml naphthol AS-MX phosphatase and 1 mg/ml
Fast Red TR salt) (Sigma). A final washing with TBS was followed by counterstain-
ing with haematoxylin and mounting with Apathy’s medium (Raymond Lamb,
London).

Immunoperoxidase staining. Tissue sections were acetone fixed for 10 min at 20°C,
washed in PBS and incubated with 25 ul of the particular antibody for 30 min at
20°C. After washing in PBS, a second layer consisting of horseradish peroxidase-
conjugated rabbit antimouse immunoglobulin (1:40) (DAKO) containing human
serum AB (1 : 100) was applied for 30 min at 20°C. After washing in PBS followed by
TBS, the peroxidase label was visualized by incubation with 0-06 per cent DAB
(Sigma) in 0-12 per cent H,0, in Tris=HCl (pH 7-6) for 8 min. Sections were
counterstained with Harris’s haematoxylin (Sigma) and mounted in DPX mountant
(BDH).

Samples were considered positive (+) when more than 10 per cent of cells were
clearly stained.

Monoclonal antibodies

The following monoclonal antibodies against MHC gene membrane antigens
were used: W6/32 against HLA ABC [3], kindly provided by Dr W. F. Bodmer;
GRH1 against f2-microglobulin, produced in our laboratory [24]; GRB1 against
DR, produced in our laboratory [9]; B7/21 against DP [37]; and T1i22 against DQ
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[38], kindly provided by Dr P. Wernet. In addition, GRT2, a monoclonal antibody
produced in our laboratory and directed against the T200 molecule (CD45), was
used to measure the leukocytic infiltrate in tumours [24]. A 1:100 final dilution
ascitis was used in all cases.

In vitro treatment with interferon-y (IFN-y)

Tumour cell lines were obtained by mechanical disruption and collagenase and
trypsin treatment. Cells were cultured in RPMI 1640 supplemented with glutamine
and 20 per cent (v/v) foetal bovine serum. Human recombinant IFN-y (B6hringer,
Ingelheim, F.R.G.) had a titre of 4-6 x 107 units/ml and a specific activity of 2 x 107
units/mg of protein. Tumour cell cultures were grown in 25 ml culture flasks with
50 U/ml of IFN-y. We therefore cannot completely exclude the possibility that the
cells growing in culture were not tumour cells; there are indications in some lines
(Co3, G1 and G2) of lack of contact inhibition and absence of haematopoietic
markers (CD45, CD3, CD20). With regard to the melanoma line M4 the presence of
premelanosomes observed by electron microscopy confirmed the origin of the cells.
Induction of HLA antigens was analysed at 24, 48, 72 and 96 h by a radiobinding
technique. The MoAbs were added in triplicate tubes containing 2 x 10° cells at a
1:50 final dilution, and incubated for 1 h at 4°C. The cells were washed with PBS~
BSA three times; 50 ul of PBS containing 5 x 10* cpm of [*23I]F(ab’), goat anti-
mouse Ig (specific activity 15 uCi/ug) (Amersham) were-added to each tube. After 1 h
at 4°C the cells were washed four times. The cell-bound radioactivity was measured
in a gamma counter,

Southern blot analysis

DNA was isolated from lymphocytes or autologous normal mucosa and tumours
by phenol-chloroform extraction [7]. DNA samples (10 ug) were digested with at
least 100 units of EcoR I, Hind III, Pvull (Amersham), electrophoresed in 0-8 per
cent agarose gels and transferred to nitrocellulose membranes [34]. The membranes
were hybridized with a cDNA probe of 1-4kb, containing most of the coding
sequences of HLA B7 molecule [33]. The probe was nick translated (3?P-labelled) to
approximately 10% cpm/ug. Hybridization was performed in 50 per cent formamide
hybridization buffer at 42°C for 36 h. The filters were washed at 65°C with 3 x SSC
and 0-1 x SSC supplement with 0-1 per cent SDS and autoradiographed at —70°C.

Results

Expression of class I and 11 antigens in primary tumours

Tables 1 and 2 present the results obtained with monoclonal antibodies against
HLA-ABC, f,-microglobulin and DR, DP and DQ molecules in a total of 177 cases.
In most cases the staining patterns were membranous and cytoplasmic. No
differences were seen between anti-heavy chain (W6/32) and anti f§,-microglobulin
(GRH1) MoAbs. In the case of class 11 antigens, staining patterns similar to those
just described were observed, whereas with these molecules notable differences were
revealed both in the frequency of staining with DR and in the variable intensity of
expression (DR>DP>DQ).

Further differences were noted in the numbers of cells stained in each tumour.
Whereas colon, melanoma and epidermoidal tumours were markedly homogeneous
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Table 1. Class I and II expression in primary tumours.

Class I(+ /total)* Class IT(+ /totaly
Tumours p2-m and H chain DR DP DQ
Colon® 29/34 18/34  5/34  3/34
Stomach® 8/10 2/10  2/10  2/10
Breast’ 33/39 15/39 N.T. N.T.
Larynx? 18/24 2/24  0/24  0/24
Melanoma 17/19 6/19 N.T. N.T.
Renal® 12/13 7113 2)7 3/7
Sarcoma’ 0/4 1/4 1/4 1/4
Epidermoidal? 7/8 5/8 N.T. N.T.
Basal cell? 17/26 2/26 N.T. N.T.

%30 adenocarcinomas and 4 mucoid carcinomas.

b Adenocarcinomas.

‘Ductal infiltrating carcinomas.

4Squamous cell carcinomas.

€11 renal carcinomas and 2 adenocarcinomas.

/1 rhabdomiosarcoma, 2 malignant histiocitomas and 1 malignant schwannoma.

9 Skin basal cell and epidermoidal carcinomas.

* (4 /total) = positive/tested.

*Class I antigen staining patterns were generally homogeneous in melanoma, colon and
epidermoidal cancer and heterogeneous in stomach, breast, larynx cancer and basal cell
carcinoma.

{Class II antigen expression was generally heterogeneous.

Table 2. Class I and II antigen expression in metastatic tumours.

Class I (+ /total) Class IT (+ /total)
Tumours B2-m and H chain DR DP DQ
Colon 13/13 5/13  1/13  0/13
Stomach 11/17 3017 317 317
Breast® 0/1 0/1 0/1 0/1
Larynx 7/10 0/10 0/10  0/10
Melanoma 12/23 7/23 - N.T. N.T.
Renal® in 11 i1 1/1
Rhabdomyosarcoma® 0/1 0/1 0/1 0/1
Epidermoidal® 11 11 1/1 1/1

“Homogeneous and heterogeneous patterns were similar to those seen in primary
tumours.
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(figure 1a), breast, larynx and stomach neoplasias were mostly heterogeneous for
class I antigens (figure 1b). All four cases of sarcoma in the present study were
completely negative. Moreover, the frequency of loss of histocompatibility antigen
expression (figures 1c and d) clearly varied among the different kinds of tumours.
Colorectal carcinomas and melanomas kept such expression most frequently (86 and
95 per cent respectively) while basal cell carcinomas and sarcomas were the types
which most commonly lost expression (34 and 100 per cent, respectively).

Generally, class II antigen expression was fairly heterogeneous and tended to be
focal. Only two cases of very well differentiated larynx cancer showed homogeneous
expression of DR antigen. However, very limited and localized class II antigen
expression was detected in some of the remaining tumours. In a large number of
cases class IT antigen expression was associated with high intensity of leukocytic
infiltrate.

Expression of class I and II antigens in metastatic tumours

A total of 67 cases of metastases were studied, mostly representing infiltration of
lymph nodes in the vicinity of the tumour (table 2).

The expression of class I and IT antigens was similar in many cases to the picture
in primary tumour cells. The staining patterns with anti f,-microglobulin and anti-
heavy chain MoAbs paralleled the results in primary tumours. The intensity of
expression DR > DP > DQ also replicated findings described in the previous
section.

A remarkable difference with the primary tumour was the greater frequency with
which melanoma metastases lost class [ antigen expression: 12/23 positive cases as
opposed to 17/19 class I positive primary tumours. No such phenomenon was
observed with class II antigen expression on melanomas, although differences were
seen regarding the location of metastases: 7/15 ganglionar metastases HLA class 11
positive in comparison with 1/8 cutaneous metastases.

Comparison of class I and 11 antigen expression in autologous metastasis and
primary tumours

Some metastases failed to express class I antigens previously detected on the
primary tumours from which they had developed, whereas the opposite situation
was found in other cases (table 3). Representative instances of such tumour
metastases divergence were seen mostly in melanomas and larynx squamous cell
carcinoma. In the remaining cases no such divergence was observed. In 8 out of 13
colon metastases a smaller number of class I positive cells was observed than on
autologous primary tumours. Class I1 antigen expression also yielded well correlated
findings between primary tumours and autologous metastases. In two cases of colon
cancer the antigen was more intensely expressed either in primary tumour or
autologous metastases and one metastatic melanoma lost class IT antigen expression.

Modulation of class I and II HLA antigens after treatment with interferon=y.

Four human cell lines, two obtained from gastric carcinomas G1 and G2, one
from a colorectal carcinoma (CO3) and one from a melanoma (M4), were analysed
for class I and IT HLLA antigen expression after treatment with recombinant IFN-y.

Class I expression was increased in the four cell lines to different extents and with
different patterns (figure 2). For instance, a gastric cell line (G1) showed a rapid
increase in the amount of class I whereas the other (G2) showed a later induction
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Figure 1. (a) Colon adenocarcinoma showing homogeneous positive staining with MoAb
W6/32, mainly on cell membrane. Counterstained with haematoxylin ( x 400). (b) Well
differentiated epidermoid carcinoma of the larynx showing heterogeneous class I
antigen expression with W6/32. Class I expression was more intensive in actively
dividing cells. Both membrane and cytoplasm are positively stained ( x 200). (c) Colon
carcinoma showing negative staining for class I antigen. Red stained interstitial cells
are infiltrating lymphocytes. APAAP technique was used. Counterstained with
haematoxylin ( x 400). (d) Colon carcinoma stained for HLA class I and showing
strong expression on stroma lymphoid cells but not on the tumour cells. Immuno-
peroxidase staining and counterstained with haematoxylin ( x 200).
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after incubation for 3 days. The colorectal cell line (CO3) expressed a basal high level
of class I antigen and IFN-y induced a slight increase. The melanoma cell line (M4)
was class I negative and re-expressed these antigens after IFN-y treatment.
Class II expression was induced on the four tumour lines by IFN-y. These four
lines were class I negative. The effect of IFN-y on each line was different, as with
class I. The highest response was observed on the colorectal line CO3 and the lowest
on the gastric line G2. The other gastric line G1 showed a progressive and moderate
increase in class II expression. The melanoma line M4 reached a high class 11

expression after incubation for 48 h and a fall of class II expression was observed at
72h.

Comparative analysis of class I genes between tumours and autologous normal cells

RFLPs for class I genes were analysed by Southern blot on 22 tumours (10
colorectal carcinomas, 3 melanomas, 7 gastric and 2 laryngeal carcinomas) and
autologous normal cells. Twelve tumours were class I positive and ten class I
negative. We found no clear differences between tumour and autologous normal
mucosa (figures 3a and b).

Table 3. Expression of class I and II antigens in primary tumours and autologous

metastases.
Class I antigens? Class 11 antigens?

Case Site? Primary Metastasis Primary Metastasis
Colon Liver + + — -
Colon Peritoneum + + +1 +
Colon Liver +1 + — —
Colon L. node + + + +1
Colon L.node (2) + + - -
Colon L.node (8) +1 + - -
Stomach L.node (6) + + — -
Stomach L.node (3) + + + +
Stomach L. node - — -
Larynx L.node (4) + + — -
Larynx L.node (2)° + — — —
Larynx L. node (2)° - + -
Larynx L.node — — — —
Melanoma L. node® + — - -
Melanoma L. node? - + + +
Melanoma L. node* — + + -
Melanoma L. node? - + - -
Rhabdomyosarcoma L. node — — — —
Breast L.node — - —

% (n) =number of cases.

b Divergence of class I expression between primary tumours and metastases.
‘Divergences of class I and I1.

21, Increased degree of staining; -+, >10%, of the cells stained.
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Figure 2. Modulation of HLLA antigens by IFN-y. Radiobinding assays with MoAbs: (a)
W6/32 for class I; (b)) GRB1 for HLA-DR. All values are means of triplicate
determinations and represent specific binding, cpm x 1073 per tube x S.D. Non-
specific binding was measured using X63 supernatant, a mouse myeloma protein, and
subtracted. (A) A colorectal cell line (CO3); (B) a gastric cell line (G1); (1) a gastric
cell line (G2); (@) a melanoma cell line (M4).
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Figure 3. RFLP patterns of tumour cells (T) and autologous normal mucosa (M). DNAs
digested with the indicated endonucleases and hybridized with HLA probe (pDP001).
(@) Class I positive and (b) class I negative gastric carcinomas. The intensities of the
signals were similar in normal and tumour samples.
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Discussion ,

Three types of change of histocompatibility antigen expression on tumour cells
have thus far been described: loss of expression, enhancement and the appearance of
new antigens [15,19].

The loss of class I expression has been correlated with the degree of differen-
tiation, histologic variant or invasiveness of tumours [13, 25, 35]. The loss of the
restriction element at the tumour cell surface is one mechanism involved in the
escape of tumour cells from cytotoxic T lymphocytic attack as studies of an
adenovirus transformed cell line have shown [6]. However the existence of an
alternative surveillance mechanism, which operates by detecting the absence of the
expected (MHC) rather than the presence of the unexpected (antigens), has been
postulated [23, 27].

In this study, most primary tumours revealed marked class I expression, except
in the four cases of sarcoma. Class I expression was generally uniform in most
melanomas, colorectal and epidermoidal cancer, heterogeneous in breast, stomach
and larynx tumours and most cutaneous basal cell carcinomas and completely
negative in all four sarcomas (table 1). In both laryngeal cancer and basal cell
carcinoma, class I antigen expression was more intensive in actively dividing cells,
although these cells lose ABC antigens as they mature. However, although some
tumours (colon, breast, stomach) can be correctly said to lose class I antigens which
are expressed on normal mucosa [11, 28], this is not the case in displastic nevocellular
nevus and primary cutaneous melanoma, which show a marked increase in class I
antigen expression. In the course of malignant transformation of melanocytes,
expression becomes more intense in association with the presence of T lymphocytic
infiltrate [5, 31]. No correlation was found between degree of differentiation and loss
of class I antigen expression in stomach, colon and breast cancer. In contrast, 14/18
well differentiated laryngeal carcinomas were found to be HLA class I antigen
positive, whereas 5/6 class [ negative tumours were poorly differentiated and one was
moderately well differentiated.

Lack of expression also has been correlated with class I gene rearrangement or
deletion in some transformed cells [30]. In most cases, however, some regulatory
mechanism is likely to intervene at the transcriptional level. Class I expression can be
induced by several agents such as IFN-y. Our melanoma line class I negative re-
expressed these antigens after incubation with IFN-y. In the other three lines we
observed a variable increase in class I expression. The different profiles of class I
induction with IFN-y detected in the four lines may be due to the different
histological origin or to variations of IFN-y receptor level [36]. The increase in
class I expression by IFN-y may be related to its antitumoral effect because IFN-y
also induces tumour-associated antigen expression and these two factors together are
favourable for triggering cytolytic antitumoral T lymphocytes [10].

We have compared class I genes by Southern blot analysis of HLA class I
positive and negative tumour cells (melanoma, colon, gastric and laryngeal
carcinomas) with peripheral lymphocytes and/or normal autologous mucosa and
found no gross rearrangements and deletions. Nevertheless, this possibility cannot
be completely ruled out by using one HLLA class 1 probe and few restriction
endonucleases. In this context it is also probable that in most HLA class I negative
tumours, the regulation of class I HLA antigen expression takes place through
normal cellular pathways. : ‘

With the exception of melanomas; no significant differences in percentages of
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negative cases were noted in the present study between primary and metastatic
lesions (table 2). After a comparative analysis of primary tumours and autologous
metastases, eight cases of colon cancer metastases showed a decrease in the number
of positive cells. We also found metastases originated from positive primary tumours
that were negative, and vice versa (table 3). Such observations do not appear to reflect
a common phenomenon. Furthermore, tumours showing a relatively frequent loss of
antigen expression (17/26 cases of skin basal cell carcinoma) do not produce
metastases. Hence, it is possible that in certain tumours the mechanism of
immunoresistance to CTLs is mediated by causes other than the decline in class I
antigen expression, as has been shown in other tumour systems [2].

HILA class II expression may have a different significance, depending on the
tumours. In colon cancer we have noted a correlation between HLA-DR expression
and tumour invasiveness: tumours with a more favourable prognosis according to
Jass’s criteria [22], stages I and II, were positive whereas tumours with the worst
prognosis were classified as stages I'V and V [20]. Only very well differentiated larynx
tumours showed DR expression. However, class II antigen expression in melanoma
has been associated with tumoral progression or malignant transformation of
melanocytes [1, 25]. An increased expression of class II antigens was found in
metastatic melanomas which was related to the location of metastases, e.g. 7/15
ganglionar metastases were positive in comparison with only 1/8 cutaneous
metastases. Class II expression on tumours may be induced by a local external
stimulus (IFN-7), or it may be constitutive. In the former case expression would
tend to be focal and associated with the presence of lymphocytic infiltrate, whereas in
the latter the expression would tend to be homogenous. We believe both aspects to be
of importance in the evaluation of class II expression on tumours. In fact, two
different mechanisms of HLA class Il expression in primary melanomas and
metastatic lesions have been proposed [31].

The induction assays performed in vitro with IFN-y show that tumour lines can
express class II antigen but these effects may be transient, as is observed with the
melanoma line. The dynamics of class IT induction by IFN are different for each line
analysed. It has been reported that [IFN-y is a better class IT inducer than IFN-a [4].
The increase of class II antigen mediated by IFN-y may improve the T helper
lymphocyte recognition of tumoral cells. Although the establishment of a cell line
selects all populations from the tumour cell sample, we have always obtained a
concordance between the HLA phenotype of the fresh tumour sample and the cell
lines established. For instance, line CO3 (figure 2) was derived from a class I positive
tumour and we obtained a positive HLLA class I expression when this line was typed
before the treatment with IFN-y. In the same context, the M4 HLA class I negative
melanoma line was derived from an HLA class I negative tumour sample.

In our opinion, there are a number of factors which should be taken into account
when assessing alterations in the expression of histocompatibility antigens on human
tumours. In this sense the absence of a strong correlation between the variations
studied up to now and the behaviour of the tumour may be more apparent than real.
The use of monomorphic monoclonal antibodies against HLA-ABC would seem to
be of doubtful value in establishing the actual expression of such antigens because
imbalance in class I antigen cannot be detected [25]. As regards future research, we
consider that a better understanding of the physiological and pathological factors
which regulate MHC antigen expression together with more accurate assessment of
expression will bring us closer to identifying the mechanisms responsible for tumour
behaviour.



224 F. Ruiz-Cabello et al.

Acknowledgments

We thank Dr A. Biro for the gift of PdP OO1 prob. Recombinant IFN-y was
kindly supplied by Bbhringer, Ingelheim. We also thank Dr S. Serrano, Servicio
Dermatologia, Hospital Clinico Granada, for basal cell carcinoma samples.

This study was supported by the Fondo de Investigaciones Sanitarias (FISSS),
Spain, Grants 86/1010, 86/1008 and 86/1009, and the Comisién Asesora,
PA 85-0073. '

References

[1] ALBiNo, A. P., HougHTON, A. N., EISENGER, M., LEE, J. S., KaNTOR, R.R. S., OLIFF, A.,
and Orp, L. J., 1986, Class II histocompatibility antigen expression in human
melanocytes transformed by Harvey murine sarcoma virus (Ha-MSV) and Kirsten
MSV retroviruses. Journal of Experimental Medicine, 164, 1710-1722.

[2] ArTtevoct, P., Lempic, S., and OrsTREICHER, B. H., 1984, Resistence of metastatic
tumour variants to tumour specific cytotoxic T lymphocytes not due to defects in
expression of restricting major histocompatibility complex molecules in murine cells.
Cancer Research, 44, 5305-5310.

[3] BarnstaBLE, C. J., BopMmER, W. F., BRowN, G., GLAFRE, G., MILSTEIN, C., WILLIAMS,
A. F., and ZieGLER, A., 1978, A production of monoclonal antibodies to group A
erythrocytes, HILA and other human cell surface antigens. New tools for genetic analysis.
Cell, 14, 9-20. '

[4] Basaman, T. Y., and Merican, T., 1983, Recombinant interferon-y increase HLA-DR
synthesis and expression. Journal of Immunology, 130, 14921494,

[5] BergMmaN, W., WiLLEmzE,R., DE Graar-Rertsma, C. B., and Ruiter, D. J., 1985,
Analysis of major histocompatibility antigens and mononuclear cell infiltrate in halo
nevi, Journal of Investigative Dermatology, 85, 25-29.

[6] BerNarDs, R., ScHRIER, P. 1., HouweLINg, A., Bos, F. L., vaNn DER EB, A. ]., ZIJLSTRA,
M., and MELIEF, C. J. M., 1983, Tumorigenicity of cells transformed by adenovirus type
12 by evasion of T-cell immunity. Nature (London), 305, 776-779.

[7] BriN, N., and Staprorp, D. W,, 1976, Isolation of high-molecular-weight DNA.
Nucleic Acids Research, 3, 2303-2307.

[8] BROCKER, E. B., SUTER, L., BRUGGEN, ]., RUITER, D. J., MACHER, E., and Sorg, S., 1985,
Phenotypic dynamics of tumor progression in human malignant melanoma. Inter-
national Journal of Cancer, 36, 29-35.

[9] CaBrera, T'., Ruiz-CaBELLo, F., LopEz NEVOT, M. A., DE LA HIGUERA, B., SANCHEZ, M.,
and GARRIDO, F., 1986, Characterization of monoclonal antibodies directed against HLA
class 11 antigens. Hybridoma, 5, 191-197.

{10] CarreL, S., ScuMIDT, A., and GIUrFRE, L., 1985, Recombinant interferon-y can induce
the expression of HLLA-DR and DC on DR-negative melanomas cells and enhance the
expression of HLA-ABC and tumor-associated antigens. European Journal of Immu-
nology, 15, 118-123.

[11] Daar, A. S., Fuccrr, S. V., Fasrg, J. W., TiNg, A., and Morris. P. J., 1984, The
detailed distribution of HLLA ABC antigens in normal human organs. Transplantation,
38, 287-292.

[12] DE BaEeTSELIER, P., KaTtzav, S., GoreLIk, E., FELDMAN, M., and SkcaLr, S., 1980,
Differential expression of H-2 gene products in tumor cells is associated with their
metastogenic properties. Nature (London), 288, 179.

[13] Dovrg, A., MarTIN, W. J., Funa, K., Gazpar, A., Carney, D., MarTIN, S. E,,
LinNona, 1., CurrrTTa, F., MULSHINE, J., BUNN, P., and MINNa, J., 1985, Markedly
decreased expression of class I histocompatibility antigens, protein and mRNA in
human small cell lung cancer. Journal of Experimental Medicine, 161, 1135-1151.

[14] EckeLs, D. D., LakE, P., Lams, J. R., JounsoN, A. H., Suaw, S., Wooby, J. N., and
HartzMman, R. J., 1983, SB restricted presentation of influenza and herpes simplex virus
antigen to human T lymphocyte clones. Nature (London), 301, 716-718.

[15] FestenstEIN, H., and Garripo, F., 1986, MHC antigens and malignancy. Nature
(London), 322, 502-503.



[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

(26]

[27]

(28]

[29]

[30]

[31]

(32]

Phenotypic expression of histocompatibility 225

FesTENSTEIN, H., GARRIDO, F., MATOSSIAN-ROGERS, A., SCHIRRMACHER, V., SCHMIDT,
W., DE Groral, L., Biasi, G., and JARAQUEMADA, D., 1977, The major histocompati-
bility system, tumours and viruses. HLA system. New Aspects, Edited by G. B. Ferrara
(Amsterdam: Elsevier/North-Holland Biomedical Press), pp. 53-67.

GarriDO, A, PEREZ, M., DELGADO, C., GARRIDO, M. L., RojaNoO, J., ALGARRA, I., and
Gagrripo, F., 1986, The influence of class I H-2 gene expression on local tumor growth.
Description of a model obtained from clones derived from a solid BALB/c¢ tumor.
Experimental Clinical Immunogenetics, 3, 98-110.

Garrmpo, F., 1988, The biological implications of the abnormal expression of
histocompatibility antigens on murine and human tumors. Bar Harbor, Maine, U.S.A.,
June 1987, edited by C. S. David (New York: Plenum Press), NATO ASI Series, Vol.
144, pp. 623-639.

Goopenow, R. 8., VoGeL, J. M., and Linsk, R. L., 1985, Histocompatibility antigens on
murine tumors. Science, 230, 777-783.

GurTIerrez, J., Lopez Nevor, M. A., CaBrera, T., Ouiva, R., Esquivias, J., Ruiz-
CaBELLO, F., and GarriDo, F., 1987. Class I and I1 HL A antigen distribution in normal
mucosa, adenoma and colon carcinoma: relation with malignancy and invasiveness.
Experimental Clinical Immunogenetics, 4, 144-152.

Hui, K., GRosveLD, F., and FesTENSTEIN, H., 1984, Rejection of transplantable AKR
leukaemia cells following MHC-DNA mediated cell transformation. Nature (London),
310, 750-752.

Jass, J. R., ATkIN, W. S., Cuzick, J., Bussey, H. J. R., Morson, B. C., NORTHOVER,
J. M. A,, and Toon, L. P., 1986, The grading of colorectal carcinomas: historical
perspectives and a multivariate analyses of 447 cases. Histopathology, 10, 437-459.
Karrg, K., Ljunceren, H. G., PionTECK, G., and KigssLING, R., 1986, Selective
rejection of H2 deficient lymphoma variants suggest alternative defence strategy. Nature
(London), 319, 675-678.

Lopez Nevor, M. A., Casrera, T., DE 1A Hicuera, B., Ruiz-CaseLLo, F., and
GarriDo, F., 1986, Production and characterization of monoclonal antibodies against
leukemic cells. Inmunologia, 5, 51-59.

Lorez NEvoT, M. A., GARcia, E., Pargja, E., Bonar, F. J., MARTIN, J., Ruiz-CaBgLLoO,
F., and Garrino, F., 1986, Differential expression of HILA antigens in primary and
metastatic melanomas. Journal of Immunogenetics, 16, 219-227.

Lorez Nevor, M. A, EstEBAN, F., FERRON, A., GUTIERREZ, ]J., OLIVA, R., ROMERO, C.,
HueLin, C., Ruiz-CageLLo, F., and GarriDO, F., 1988. HLA class I gene expression on
human primary tumors and autologous metastases: Demonstration of selective losses of
HLA antigens on colorectal, gastric and laryngeal carcinomas. British Journal of Cancer
(in press).

LjunceRreN, H. G., and Karrg, K., 1986, Experimental strategies and interpretations in
the analysis of changes in MHC gene expression during tumour progression. Journal of
Immunogenetics, 13, 141-151.

Perez, M., CaBRERA, T, LoPEz NEVOT, M. A., GOoMEZ, M., PERAN, F., Ruiz-CABELLO,
F., and GArrIDO, F., 1986, Heterogeneity of the expression of class I and II antigens in
human breast carcinomas. Journal of Immunogenetics, 13, 247-253.

PLoEGH, H. L., Org, H. T\, and STROMINGER, J. L., 1981, Major histocompatibility
antigens: the human (HLA A-B-C) and murine (H2K, H2D) class I molecules. Cell, 24,
287-299.

Rogcers, M. J., GoobiINng, L. R., MarcuLIes, D. H., and Evans, G. A., 1983, Analysis of
a defect in the H2 genes of SV40 transformed C3H fibroblast that do not express H-2K¥.
Journal of Immunology, 130, 2418-2422.

RuITER, D. J., BROCKER, E. B., and FERRONE, S., 1986, Expression and susceptibility to
modulation by interferons of HLA class I and II antigens on melanoma cells.
Immunohistochemical analysis and clinical relevance. Journal of Immunogenetics, 13,
229-234.

SuackeLFORD, D. A., KaurMaN, |J. F., KorMaN, A. J., and STROMINGER, S. L., 1982,
HLA-DR antigens: structure, separation of subpopulations, gene cloning and function.
Immunology Reviews, 66, 133—151.



226 Phenotypic expression of histocompatibility

[33] Soop, A. K., PEReirA, D., WEIssMaN, S. M., 1981, Isolation and partial nucleotide
sequence of a cDNA clone for human histocompatibility antigen HLA-B by use of an
oligodeoxynucleotide primer. Proceedings of the National Academy of Sciences, U.S.4.,
78, 616—620.

[34] SouTHERN, E., 1975, Detection of specific sequences among DNA fragments separated
by gel electrophoresis. Journal of Molecular Biology, 98, 503-518.

[35] TROWSDALE, J., TRAVERs, P., BODMER, F., and PaTiLLo, R. A, 1980, Expression of HLA
ABC and B2-microglobulin antigens in human choriocarcinoma cell lines. Journal of
Experimental Medicine, 152, 11-17 (Suppl.).

[36] Ucer, U., BartscH, H., SCHEURICH, P., and PrizeNMAIER, K., 1985, Biological effects of
cell membrane receptors for -IFN in relation to growth inhibition and induction of
HLA-DR expression. International Journal of Cancer, 36, 103-108.

[37] WaTsoN, A. J., DEMags, R., TROWBRIDGE, 1. S., and Bach, F. H., 1983, Detection of a
novel human HLA antigen. Nature (London), 304, 358-361.

[38] ZIEGLER, A., UcHASKA-ZIEGLER, B., ROSENFELDER, G., BrauvN, D. G., and WERNET, P.,
1981, Heterogeneity of established human hematopoietic cell lines. Leukaemia markers.
Proceedings of the Leukaemia Marker Conference, Vienna, February, 1981 (New York:
Academic Press), pp. 137-159.

[39] ZINKERNAGEL, R. M., and Dosuerty, P. C., 1979, MHC restricted cytotoxic T' cells:
studies on the biological role of polymorphic major transplantation antigens determing T

cell restriction specificity function and responsiveness. Advances in Immunology, 27,
51-77.



