
Abstract. Loss or down-regulation of HLA expression has
been demonstrated in various types of solid tumors and is
considered to be one of the mechanisms of tumor
immunoescape. The effectiveness of immunotherapy using
tumor-specific antigens (TSA) largely depends on the
expression of the appropriate HLA class I alleles on the tumor
cells. We analyzed the allele-specific HLA class I surface
expression of six lung cancer cell lines using a broad panel of
allele-specific monoclonal antibodies, as well as the effect of
IFN-Á on HLA expression. Flow cytometric analysis displayed
a wide range, from minimal to a high degree of expression of
monomorphic HLA class I among the studied cell lines. Allele-
specific loss or down-regulation of HLA also was observed in
5 out of 6 cell lines. Our results suggest that lung cancer
patients considered for specific immunotherapy should be
examined with respect to the expression of specific HLA class
I allele binding the TSA. 

Lung cancer is the leading cause of cancer death in most

industrialized countries and it has a poor prognosis. Despite

recent progress in chemotherapy and molecular-targeted

drugs against advanced lung cancers, these therapies have

little impact on survival and the majority of patients with

advanced lung cancer die within a few years (1). Therefore,

new therapeutic modalities including immunotherapy using

tumor-specific antigen (TSA) or cytotoxic T lymphocytes

(CTL) should be urgently advanced. During the past

decade, a large number of TSA recognized by CTL were

identified (2), some of them being expressed in lung cancer.

These antigens opened up new possibilities for the

immunotherapy of lung cancer and several vaccination trials

are now underway aimed at inducing a strong CTL response

against defined TSA. 

Since TSA are most often intracellular proteins

expressed in association with the membrane-bound human

leukocyte antigen (HLA) class I molecules, whether

immunotherapy using TSA is effective largely depends on

the expression of the appropriate HLA class I molecules

on the tumor cells (3). HLA class I antigens therefore are

vital to the recognition of tumor cells by CTL. One of the

impediments to immunotherapy is loss or down-regulation

of HLA cell surface expression on cancer cells (4), which

has been demonstrated in various types of solid tumors

including lung cancer. However, thus far most published

studies have used monoclonal antibodies (mAbs) directed

to monomorphic HLA determinants to determine HLA

class I expression (5-9). Because TSA are presented by

specifically restricted HLA class I alleles, such studies are

not suitable to detect selective loss of HLA class I alleles.

In this respect, it is of value to examine the loss or down-

regulation of HLA expression at an allele-specific level in

lung cancer cells. 

In this study, we analyzed the allele-specific HLA class I

surface expression of six HLA class I-positive lung cancer

cell lines using a broad panel of allele-specific mAbs. 

Materials and Methods

Cell lines. Six lung cancer cell lines were maintained in RPMI 1640

(Gibco BRL, Grand Island, NY, USA) with 10% heat-inactivated

fetal calf serum (FCS) and 2% penicillin/streptomycin, and used

for flow cytometry. OU-LC-A1 and OU-LC-KI were established in

our laboratory (10,11). The other cell lines were provided by Dr.

E. Nakayama (Okayama University, Okayama, Japan). 
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HLA genotyping. Genotyping of the HLA of lung cancer cell lines

established in our laboratory was done in Shionogi Biomedical

Laboratories, Shionogi & Co., Ltd, Japan. The HLA genotype of

other lung cancer cell lines were reported elsewhere (12). The HLA

genotyping of the lung cancer cell lines is summarized in Table I.

IFN treatment. Monolayer cells were incubated with 200 U/ml

recombinant IFN-Á (kindly provided by Kyowa Hakko Co. Ltd.,

Japan) for 48 hours. A previous study has demonstrated that this

treatment efficiently up-regulated HLA class I expression (13).

After incubation, the cells were harvested by trypsinization and

prepared for flow cytometry.

Monoclonal antibodies. Fluorescein isothiocyanate (FITC)-

conjugated anti-HLA class I mAb were purchased from Beckman

Coulter/Immunotech (Miami, FL, USA) FITC-conjugated anti-‚2-

microglobulin (‚2M) mAb and mAbs for allele-specific HLA class

I used in the present study were purchased from One Lambda, Inc.

(Canoga Park, CA, USA) and are listed in Table II. 

Flow cytometry. Flow cytometric analysis was performed as

described previously (14). Briefly, 5x105 cells harvested from cell

lines or clinical samples were washed with 5% heat-inactivated FCS

and 0.2% sodium azaide and incubated for 20 minutes at room

temperature with 7 Ìl of the appropriate mAb. Fluorescence was

analyzed with use of FACSCalibur and CellQuest software (Becton

Dickinson). Ten thousand events were acquired for each individual

analysis. As negative controls, cells were incubated with an

irrelevant mAb. To examine the effect of interferon (INF)-Á on

HLA antigen expression, cells were treated with INF-Á (200 U/ml)

for 48 hours and cell surface HLA class I antigen expression was

then examined by immunofluorescence as describe above.

Results and Discussion 

Due to the genetic instability of cancer cells, a great deal of

heterogeneity of expression of the HLA molecules is

possible, each potentially capable of subverting the

surveillance of the immune systems in targeting tumors,

which complicates development of immunotherapy for the

treatment of cancer. By down-regulating one or more HLA

alleles, tumor cells can avoid recognition by a specific

population of CTL (3,4). However, normal expression of the

remaining alleles can inhibit lysis of the tumor cells by NK

cells. Thus, alteration of the HLA phenotype can provide a

mechanism for lung cancer cells to escape immune

surveillance by both CTL and NK cells (15). It is of

importance, therefore, to determine the frequency of locus-

specific or allele-specific down-regulation in lung cancer

cells. Towards this end in this study HLA class I and ‚2M

cell-surface expression patterns were analyzed in six lung

cancer cell lines using a broad panel of allele-specific mAbs. 

As shown in Figure 1, flow cytometric analysis revealed a

limited to a high degree range of monomorphic HLA class I

expression in all cell lines. Allele-specific loss or down-

regulation of HLA also was observed in 5 out of 6 cell lines.

Further analysis of cell surface HLA antigen expression using

allele-specific mAbs therefore was required. Flow cytometric

analysis demonstrated some ‚2M expression in all cell lines

and high expression in some lines. Down-regulation of HLA

antigen expression in cultures of some tumor cells can be

reversed by exogenous IFN-Á, which up-regulates HLA class

I expression in various types of tumor cells. We therefore

tested the ability of this cytokine to up-regulate HLA class I

and allele-specific HLA expression in the six lung cancer cell

lines. Though all lines showed up-regulation of HLA class I

by IFN-Á, there was variation on the effect of IFN-Á on the

allele-specific HLA expression between individual lines.

Analysis of allele-specific HLA expression has been

hampered by the limited availability of mAbs to date. We

know of no report studying in detail a loss or down-regulation

of HLA expression at the allelic level in lung cancer cells. 

It should be noted that the tumor cell lines rather than

fresh tissue sections were investigated in the present study.

This raises a possibility that HLA antigen alterations might

have developed due to the selection of a specific population

during prolonged in vitro culture. We previously reported

that a chondrosarcoma cell line that does not express HLA-
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Table I. HLA genotyping of lung cancer cell lines.

HLA class I antigens

Histology Cell line A B C

Squamous cell EBC-2 A31012/3303 B3501/44031 Cw0303/1403

carcinoma Sq-1 A1101/2402 B1501/5201 Cw0401/1202

Adenocarcinoma OU-LC-KI A0201/0206 B3901/5101 Cw0304/1402

OU-LC-A1 A2402 B4002 Cw0303

11-18 A0201/2402 B5201/5401 Cw0102/1201

Small cell LK79 A1101/2402 B4601 Cw0304

carcinoma

Table II. List of monoclonal antibodies used for flow cytometry.

mAb Isotype Antigen specificity

0544HA IgM HLA-A1, A11, A26+

0475HA IgM HLA-A2

0497HA IgM HLA-A23, A24

0273HA IgM HLA-A30, A31

0740HA IgM HLA-B51, B14, B18+

B9.12.1 IgG2a HLA Class I   

FH1078 IgG1 b2 microglobulin
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Figure 1. Flow cytometric analysis of HLA class I and ‚2-microgrobulin expression on 6 human lung cancer cell lines.Cells were either untreated or
treated with IFN-Á (200 U/ml, 48 hours). The mean fluorescence intensity of each HLA molecule was analyzed by flow cytometry. These experiments were
done at least three times. Representative data are demonstrated



A11 by flow cytometry in vitro was derived from the original

tumor tissue that also demonstrated a loss of HLA-A11

expression when analyzed immunohistologically (16). These

results would indicate that the patterns observed in cultured

cells were representative of the fresh tissues. Therefore, the

present results urge further studies to determine the HLA

allele-specific expression patterns in a large number of both

cell lines and tissue sections, especially in patients who are

considered for specific immunotherapy using TSA. In

addition, our preliminary results suggest that the patients

who are considered for specific immunotherapy using TSA,

including peptide vaccination or adoptive transfer of TSA-

specific CTL, should be examined with respect to the

expression of both TSA and its specific HLA class I allelic

in the original tumor specimen. The protocol of any pilot or

phase study of specific immunotherapy should include this

point in the eligibility criteria.

In conclusion, we demonstrated a high frequency of

allele-specific and locus-specific defects of HLA expression

in lung cancer cell lines, some of which were not restored

by IFN-Á treatment. Our results suggest a mechanism for

lung cancer cells to escape lysis by CTL, which may

complicate the development of lung cancer immunotherapy.

Expression of specific HLA class I allele binding the TSA

should be taken into account in designating patients to

undergo specific immunotherapy. 
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