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ABSTRACT 32 

The aim of this study was to clarify the associations between expression of human leukocyte 33 

antigen (HLA) class I on non-small-cell lung cancer (NSCLC) cells, and patient survival. To 34 

address this, immunohistochemical staining for HLA class I was performed on specimens 35 

from 111 patients with NSCLC, and overall survival curves were compared using the log-36 

rank test. In addition, multivariate analyses were undertaken using Cox’s proportional hazard 37 

model. The cases were divided into five classes based on expression of HLA class I heavy 38 

chain and 2-microglobulin. Overall survival for patients with tumors lacking HLA class I 39 

heavy chain (30 cases; 27.0%) was significantly compromised. Multivariate analysis revealed 40 

the absence of HLA class I heavy chain to be an independent predictor of poor prognosis. 41 

There was a trend towards unfavorable prognosis for those patients whose tumors did not 42 

express 2-microglobulin (57 cases; 51.4%). Down-regulation of HLA class I heavy chain 43 

expression significantly correlated with down-regulation of 2-microglobulin expression (2; 44 

p<0.01). Cases lacking both HLA class I heavy chain and 2-microglobulin expression (23 45 

cases; 20.7%) had a statistically significant unfavorable prognosis compared with other cases 46 

(p<0.05). Our data demonstrate that lack of HLA class I heavy chain expression in tumor 47 

cells is an independent poor prognostic factor for NSCLC survival, and is likely to have an 48 

important influence on immune surveillance in patients. 49 

 50 

51 



  

Introduction 52 

The most effective treatment for early stage non-small-cell lung cancer (NSCLC) is 53 

surgical resection. However, over 60% of NSCLC patients relapse after surgery (1-3). 54 

The immune system can suppress tumor growth by not only destroying cancer cells or 55 

inhibiting their outgrowth, but also by promoting tumor progression either by selecting for 56 

tumor cells that can survive in an immunocompetent host, or by establishing conditions 57 

within the tumor microenvironment that facilitate tumor outgrowth (4, 5). The immune 58 

system’s anti-tumor arsenal includes CD4 T cells that kill tumor cells in a MHC class II 59 

expression-dependent manner, and NK cells/macrophages that mediate cell killing by 60 

antibody dependent cellular cytotoxicity (ADCC). In addition, CD8 T cells are thought to 61 

play an important role in the elimination of tumor cells by recognition of HLA class I 62 

expression on tumor cells. The association between HLA class I expression on tumor cells 63 

and CD8+ T cell infiltration has been found in laryngeal squamous carcinoma (6), pancreatic 64 

carcinoma (7), and ovarian carcinoma (8). 65 

HLA class I antigens are transmembrane glycoproteins comprising a polymorphic 45-kDa 66 

heavy chain and a non-polymorphic 12-kDa 2-microglobulin light chain. There are three 67 

HLA class I heavy chains, HLA-A, -B, and –C, encoded by three separate genes on 68 

chromosome 6p21. Loss or down-regulation of HLA class I has been reported in various 69 

cancers (7-13), and many studies have described HLA class I down-regulation in NSCLC 70 

(14-19). However, in these studies there were discrepant correlations between HLA class I 71 

down-regulation and prognosis.(15-17, 19), which may be due to the use of different 72 

antibodies, control methods, and tumor classification schemes. Attempts to standardize 73 

methods have included the use of the EMR8-5 antibody, which can recognize HLA-A, -B, 74 

and -C (20), and the establishment of a novel control method for staining using SCID mice 75 

xenografts to examine expression of CD40 and CD154 in NSCLC (21). However, a 76 

classification system based on immunostaining for loss or down-regulation of HLA class I 77 



  

has not been established. 78 

In this study, we assessed the influence of down-regulation of HLA class I expression in 79 

tumors on the survival of patients with NSCLC using EMR8-5 immunostaining, SCID mice 80 

xenografts as quantitative controls, and new classification schemes based on tumor 81 

heterogeneity, and reviewed the correlation between loss or down-regulation of HLA class I 82 

expression and NSCLC prognosis. 83 

 84 

Materials and methods 85 

Cell lines 86 

Human lung cancer cell lines were obtained from the Japanese Cancer Research 87 

Resources Bank (Tokyo, Japan). A549, H226, LC-1, LK2, PC3, PC10 and RERF-LCMS cell 88 

lines were grown in RPMI-1640 (Sigma-Aldrich Co., Ltd., Irvine, CA, USA) with 10% fetal 89 

bovine serum (FBS) and 1% penicillin/streptomycin. ABC-1, VMRC-LCD and RERF-LCOK 90 

cells were maintained in Minimum Essential Medium Eagle (M-EME, Sigma-Aldrich Co., 91 

Ltd., Irvine, CA, USA) with 10% FBS and 1% penicillin/streptomycin. All cell lines were 92 

maintained at 37C in a humidified incubator with 5% CO2. 93 

 94 

Mice and xenograft models 95 

CB17/SCID mice were obtained from Charles River Japan (Yokohama, Japan). All mice 96 

were 4- to 6-week-old females maintained under specific pathogen-free conditions. All 97 

animal procedures were conducted in accordance with the guidelines of the Hokkaido 98 

University Institutional Animal Care and Use Committee. 99 

Xenografts were generated from all the lung cancer cell lines by injecting 5x106 cells in 100 

200 μl phosphate-buffered saline (PBS) subcutaneously into the flanks of CB17/SCID mice. 101 

When the tumor diameter exceeded 10 mm, the mice were sacrificed and tumors were 102 

separated into two portions. One portion was snap frozen using liquid nitrogen to extract 103 



  

proteins for Western blot analysis, and the other was immersed in formalin for 104 

immunohistologic analysis. 105 

 106 

Reagents and antibodies 107 

The pan anti-human HLA-A, -B, and –C antigen mouse monoclonal antibody (EMR8-5: 108 

FA01), and anti-2-microglobulin mouse monoclonal antibody (EMRB6-12: GB-01B) were 109 

purchased from Hokudo (Sapporo, Japan). Negative control mouse IgG1 (X0931) was 110 

purchased from DAKO Japan (Kyoto, Japan). Peroxidase conjugated goat anti-mouse IgG 111 

was purchased from Jackson ImmunoResearch (West Grove, PA, USA).  112 

 113 

Western blot analysis 114 

Western blots were used to analyze expression of HLA class I heavy chain and 2-115 

microglobulin in lung cancer cells. Briefly, lysates from cell lines and SCID mice xenografts 116 

were resolved using 15% SDS-PAGE, transferred to nitrocellulose membranes (Amersham, 117 

Aylesbury, UK), and screened with EMR8-5: FA01 (1:1000) and EMR-B6: GB-01B (1:400) 118 

antibodies. The peroxidase-conjugated goat anti-mouse IgG secondary antibody was used at a 119 

dilution of 1:10000. Bound antibodies were detected using the ETL system (Amersham). 120 

Lysate from normal human peripheral blood mononuclear cells (PBMCs) was used as 121 

positive control for HLA class I heavy chain and 2-microglobulin expression. 122 

 123 

Patients and tissue specimens 124 

Whole surgical specimens of NSCLC obtained between December 1992 and January 125 

2001 were utilized in this study. All patients lacked any evidence of metastases to secondary 126 

sites and had not received prior anticancer treatment. Cases of in-hospital and non-cancer-127 

related death were excluded. Patients gave informed consent to the processes involved, which 128 

were conducted in accordance with the guidelines of the Hokkaido University Institutional 129 



  

Review Board. We examined 111 NSCLC surgical specimens from patients meeting these 130 

criteria who had undergone curative resection of the primary tumor, including systematic 131 

lymph node dissection, at a Hokkaido University hospital. 132 

Surgical specimens were obtained from 72 men and 39 women with a mean age of 62.7 133 

years (range 36-80 years). Median duration of follow-up was 60.9 months (range 4.0-100.7 134 

months), and 43 patients (38.7%) died during the follow-up period. 135 

Our results were correlated with the patients’ clinical records. A single section from deep 136 

within the tumor specimen was selected for analysis, and resected specimens were examined 137 

histopathologically following staining with hematoxylin and eosin. According to the World 138 

Health Organization classification system the specimens consisted of 56 adenocarcinomas, 39 139 

squamous carcinomas, 3 adenosquamous carcinomas, 12 large-cell carcinomas, and 1 140 

carcinosarcoma. Site and size of the lesion were assessed on the gross specimen. 141 

Clinicopathological stage of the tumor was determined according to the standard tumor 142 

node and metastasis (TNM) classification system. Fifty patients were T1, and 61 were T2-4. 143 

Lymph nodes were negative in 79 patients, and positive in 32 patients. Stage was defined on 144 

the surgical specimen according to the seventh International Union Against Cancer 145 

Classification (22). Diagnosis was made independently by at least two pathologists. 146 

 147 

Immunohistochemistry 148 

Immunohistochemical reactions were carried out using the universal immuno-enzyme 149 

polymer method. Surgical specimens were fixed in 10% formalin solution and embedded in 150 

paraffin for sectioning at 4 m. Sections were then deparaffinized in xylene, dehydrated 151 

through a graded ethanol series, and autoclaved for 5 min. Endogenous peroxidase activity 152 

was blocked by a 10-min incubation with hydrogen peroxide. 153 

Following three washes in PBS containing 0.1% Tween 20, sections were incubated in 154 

10% normal goat serum (Histofine SAB-PO kit; Nichirei, Tokyo, Japan) for 30 min. Samples 155 



  

were then incubated at room temperature for 1 h with the EMR8-5 anti-human HLA class I 156 

heavy chain mouse monoclonal antibody (1:400 dilution). In addition, serial tissue sections of 157 

each sample were individually incubated at room temperature for 1 h with the EMR-B6 anti-158 

2-microglobulin mouse monoclonal antibody (1:400 dilution). After three additional washes, 159 

sections were incubated with Histofine Simple Stain MAX-PO (Multi) (Nichirei, Tokyo, 160 

Japan) for 30 min at room temperature and reaction products were visualized by incubation 161 

for approximately 10 min with 3,3′-diaminobenzidine tetrahydrochloride (Nichirei, Tokyo, 162 

Japan), followed by washing in distilled water. Sections were counterstained in hematoxylin 163 

for 1.5 min, and then mounted in Permount (MICRO SLIDES; MUTO-GLASS, Tokyo, 164 

Japan). 165 

 166 

Statistical analyses 167 

The statistical significance of correlations between HLA class I heavy chain and 2-168 

microglobulin expression in cancer cells was evaluated by the Mann-Whitney U test. The 2–169 

test (or extended Fisher’s exact test where appropriate) was used to analyze correlations 170 

between HLA class I heavy chain or 2-microglobulin expression in cancer cells and patient 171 

parameters, including histopathological findings. 172 

The cumulative survival rate was calculated using the Kaplan-Meier method. Statistical 173 

significance was analyzed by the log-rank test. Cancer-specific survival rates were also 174 

calculated from date of surgery to date of cancer-related death. Univariate and multivariate 175 

analyses utilized the Cox proportional hazard regression model. P values of less than 0.05 176 

were considered to be statistically significant. All analyses were performed using Statview-J 177 

ver. 5.0 software (SAS Institute, Inc., Cary, NC, USA). 178 

 179 

Results 180 

Expression of HLA class I heavy chain and 2-microglobulin in non-small-cell lung 181 



  

cancer cell lines  182 

On Western blotting, HLA class I heavy chains were detected most strongly at 45 kDa in 183 

two cell lines, RERF-LCOK and H226 (Fig. 1A, top panel), and expression was lowest in the 184 

VMRC-LCD and LK2 xenografts (Fig. 1A, lower panel). 2-microglobulin was expressed 185 

strongly at 12 kDa in five cell lines: PC3, RERF-LCMS, RERF-LCOK, VMRC-LCD and 186 

H226 (Fig. 1B, top) and down-regulated in four xenografts: ABC-1, VMRC-LCD, LC-1, and 187 

LK2 (Fig. 1B, bottom). HLA class I heavy chain and 2-microglobulin were expressed in 188 

normal human lung tissue (NHLT), at similar levels to PBMC (Fig. 1A top and 1B top). 189 

Of the 10 cell lines, HLA class I heavy chain and 2-microglobulin were down-regulated 190 

in A549 and PC10, although xenografts of these cell lines showed higher expression of these 191 

molecules.  192 

PC10 xenografts were used as positive tissue controls for HLA class I heavy chain and 193 

2-microglobulin expression because the respective proteins were highly expressed and 194 

clearly detected by xenografts (Fig. 1A, 2A, and 2C). LK2 xenografts, which exhibited 195 

down-regulated HLA class I heavy chain and 2-microglobulin expression by Western 196 

blotting, were used as negative tissue controls (Fig. 1B, 2B, and 2D). Isotype matched 197 

negative control antibodies were used to control for non-specific staining. 198 

 199 

Establishment of quantitative evaluation methodology for tumor HLA class I expression 200 

Immunostaining results were grouped into three categories: strongly positive (equivalent 201 

to staining of alveolar epithelium) (Fig. 2E, 2H); weakly positive relative to alveolar 202 

epithelium; (Fig. 2F, 2I); and absent (no detectable staining) (Fig. 2G, 2J). The cases were 203 

further divided into five categories: homogeneous strong staining, heterogeneous strong-weak 204 

staining, homogeneous weak staining, heterogeneous strong-weak-absent staining, and 205 

heterogeneous weak-absent staining. Strong staining was defined by the positive control and 206 

stages were graded in 10% steps (Fig. 3A, 4A). 207 



  

 208 

Expression of HLA class I heavy chain and 2-microglobulin. 209 

We used the PC10 and LK2 xenografts as positive and negative controls, respectively, for 210 

HLA class I expression. 211 

Immunohistochemical staining for HLA class I was categorized into three grades relative 212 

to alveolar epithelium: strong, weak, and absent. Moreover, the cases were divided into five 213 

groups with reference to expression patterns. 214 

Staining revealed 31 tumors (27.9%) with homogeneous strong expression of HLA class I 215 

heavy chain, 38 (34.2%) with heterogeneous strong-weak expression, 12 (10.8%) with 216 

homogeneous weak expression, 21 (18.9%) with heterogeneous strong-weak-absent 217 

expression, and 9 (8.1%) with heterogeneous weak–absent expression (Fig. 3A). 218 

With regard to 2-microglobulin, 12 tumors (10.8%) showed homogeneous strong 219 

expression, 37 (33.3%) had heterogeneous strong-weak expression, 5 (4.5%) had 220 

homogeneous weak expression, 48 (43.2%) had heterogeneous strong-weak-absent 221 

expression, and 9 (8.1%) had heterogeneous weak–absent expression (Fig. 4A). 222 

With reference to HLA class I heavy chain and β2-microglobulin, we found 46 tumors 223 

(41.4%) to be double positive, 35 (31.5%) to be positive only for HLA class I heavy chain, 8 224 

(7.2%) positive only for 2-microglobulin antigen, and 22 (19.8%) to be double negative 225 

(Table I). There was a significant correlation between the expression of HLA class I heavy 226 

chain and β2-microglobulin (p=0.005) (Table I). 227 

 228 

Survival analysis and HLA class I heavy chain and 2-microglobulin expression. 229 

The 5-year disease-specific survival was 62.2% for all patients. The survival curves for 230 

each HLA class I heavy chain expression group are shown in Fig. 3B. Survival curves 231 

constructed according to the Kaplan-Meier method are shown in Fig. 3D and 3E.  232 

The overall prognosis for cases lacking HLA class I heavy chain expression was 233 



  

unfavorable compared with positive groups (p=0.039; Fig. 3D). When divided by cancer 234 

stage, stage I-II cases lacking HLA class I heavy chain expression had an unfavorable 235 

prognosis compared with positive groups (p=0.012; Fig. 3E), but correlation with survival 236 

was not significant in stages II-III (p=0.104; data not shown). 237 

The survival curves of each 2-microglobulin expression group are shown in Fig. 4B. 238 

There were no significant correlations between overall prognosis and lack of 2-239 

microglobulin expression (p=0.092; Fig. 4D), or stage I-II cancer (p=0.996; Fig. 4E). 240 

 241 

Correlation between HLA class I heavy chain expression and clinicopathological 242 

features. 243 

No significant correlations were detected between expression of HLA class I heavy chain 244 

and gender, histology, T-classification, N-classification, histopathological grading or TNM 245 

stage (Table I).  246 

 247 

Univariate and multivariate analyses. 248 

Univariate analysis for overall survival using a Cox regression model included age, 249 

gender, T classification, N classification, TNM stage, histopathological grade and absence of 250 

HLA class I heavy chain. Multivariate analysis of the same set of patients was performed for 251 

T classification, N classification, and absence of HLA class I heavy chain for survival time 252 

using the Cox regression model. 253 

The results indicated that absence of HLA class I heavy chain is an independent poor 254 

prognostic factor (p=0.032). T and N classification also had independent prognostic value, 255 

with hazard ratios of 3.48(p=0.001) and 3.72 (p<0.001), respectively (Table II). 256 

 257 

Discussion 258 

The aim of this study was to use to develop a quantitative immunohistochemistry 259 



  

protocol to investigate whether expression of HLA class I in NSCLC correlates with patient 260 

survival. Previously reported correlations were controversial and difficult to compare because 261 

of differences in antibodies used, positive controls and classification systems (Table III). We 262 

developed a reproducible and carefully controlled quantitative immunohistochemistry 263 

methodology that provided a robust approach to accurately classify NSCLC specimens into 264 

categories based on HLA class I expression levels and characteristics. One of the most 265 

important issues in past studies was a lack of consideration of tumor heterogeneity in IHC 266 

evaluation. Therefore, in this study, we classified HLA Class I down regulation in 267 

consideration of tumor heterogeneity assessed using EMR8-5 and SCID mice xenografts. Our 268 

methodology may be useful for others working in the field, and may provide a means to 269 

improve the consistency and comparability of similar studies in the future. 270 

While strong expression of HLA class I in the carcinoma cell membrane was easily 271 

distinguished from lack of expression, the categorization of tumors with weak expression was 272 

more challenging. To address this, we divided the NSCLC cases into five groups with 273 

reference to the expression pattern of HLA class I, and then divided the cases into a positive 274 

group (A-C), and a negative group (D-E), excluding those cases that did not express HLA 275 

class I. Also, in terms of the intra-tumor heterogeneity for the mutations in localized lung 276 

cancer, Zhang J et al reported that single-region sequencing might be adequate to identify the 277 

majority of known cancer gene mutations (23) Our present data may reflect the result of 278 

emerging immune-escaping variants reflecting intra-tumor heterogeneity for HLA class I and 279 

β2-microglobulin.  280 

There were 80 tumors with weak HLA class I expression, included in groups B-E. The 281 

rate of down-regulation shown by immunohistochemistry corresponded to that shown by 282 

Western blotting (~80%). In group A vs. group B-E, and group A-B vs. group C-E, there was 283 

no correlation between expression of HLA class I and prognosis, which is consistent with 284 



  

previous studies (14-19). 285 

 286 

We found that absence of HLA class I expression on tumors was an independent factor 287 

predicting poor prognosis, although expression of HLA class I heavy chain did not correlate 288 

with pathological variables. These results suggest that NSCLC would progress regardless of 289 

the expression of HLA class I heavy chain, and host immunity plays a limited role in 290 

influencing tumor growth prior to surgery. However, after surgery, more cases lacking HLA 291 

class I relapsed than cases with HLA class I expression. Moreover, the prognosis was good 292 

for early stage HLA class I heavy chain-positive cases, although in later stage cases there was 293 

no correlation between prognosis and expression of HLA class I heavy chain consistent with 294 

previous studies(14-19). 295 

 296 

It is well-accepted that inflammation or an inflammatory gene expression signature in 297 

tumors correlates with anti-tumor immune responses (24, 25). MHC class I expression is 298 

predominantly up-regulated by interferon gamma in the tumor microenvironment. In 299 

addition, interferon gamma is essential to elicit immune elimination of tumor cells (26). 300 

Therefore, our data, which link HLA class I expression with prognosis, might be a reflection 301 

of interferon gamma signature. Some active immunotherapies, such as novel agents capable 302 

of generating anti-tumor immunity, have been found to have clinical efficacy against lung 303 

cancer (27), and may act by boosting the interferon gamma signature in the tumor 304 

microenvironment. Interestingly, immunologic responses were independent of stage and prior 305 

therapy in a study of NSCLC dendritic cell vaccines (28), consistent with the possibility that 306 

the effectiveness of immunotherapy may be related to expression of HLA class I heavy chains 307 

on tumor cells. 308 

 309 

Currently, recurrent or surgically non-resectable cases are often treated with immunotherapy, 310 



  

even though the patients’ immune systems have a limited capacity to deal with the heavy 311 

tumor burden. Our data suggest that immunotherapy would be beneficial as postoperative 312 

adjuvant therapy in NSCLC. 313 

 314 

Acknowledgements 315 

We would like to acknowledge the excellent technical assistance of Mr. Hiraku Shida and 316 

Ms. Naomi Saito. We would also like to thank the many physicians at the affiliated 317 

Departments of Surgical Oncology who cared for the patients included in this study. 318 

This study was supported by a Grant-in-Aid from the Ministry of Education, Culture, 319 

Sports, Science, and Technology, Japan. 320 

 321 

322 



  

Figure Legends 323 

Figure 1: Western blotting for HLA class I heavy chain (A) and 2-microglobulin (B). 324 

(A, top) Western blot analysis of HLA class I heavy chain expression in human lung 325 

cancer cell lines and homogenized normal human lung tissue (NHLT). 326 

(A, bottom) Western blot analysis of HLA class I heavy chain expression in lysates from 327 

CB17/SCID mice xenograft models. Each cell line was implanted subcutaneously into the 328 

flanks of CB17/SCID mice. 329 

(B, top) Western blot analysis of 2-microglobulin expression in lysates from human lung 330 

cancer cell lines and NHLT were subjected to Western blotting.  331 

(B, bottom) Western blot analysis of 2-microglobulin expression in CB17/SCID mouse 332 

xenograft models. Lysates from human peripheral mononuclear cells (PBMCs) were used as a 333 

positive control for HLA class I heavy chain and 2-microglobulin. 334 

 335 

LCMS: RERF-LCMS; LCOK: RERF-LCOK; LCD: VMRC-LCD; Heavy chain: HLA 336 

class I heavy chain; 2m: 2-microglobulin; AC: Adenocarcinoma; SCC: Squamous-Cell 337 

Carcinoma; P.C.: Positive Control 338 

 339 

Figure 2: Immunohistochemical staining for HLA class I heavy chain and 2-340 

microglobulin. 341 

(A-D): HLA class I heavy chain and 2-microglobulin SCID mouse xenograft samples. 342 

(A): Expression of HLA heavy chain in PC10. 343 

(B): Absence of HLA heavy chain expression in LK2. 344 

(C): Expression of 2-microglobulin in PC10. 345 

(D): Absence of 2-microglobulin expression in LK2. 346 

(E-G): Cell membranes stained for HLA class I heavy chain in NSCLC samples. 347 

(E): Strongly stained. 348 



  

(F): Weakly stained  349 

(G): No staining 350 

(H-J): Cell membranes stained for 2-microglobulin in NSCLC samples. 351 

(H): Strongly stained  352 

(I): Weakly stained  353 

(J): No staining 354 

(A-D, E-J lower right): Magnification: x400   355 

(E-J): Magnification: x100 356 

 357 

Figure 3 358 

A. HLA class I heavy chain expression in NSCLC 359 

Group A: Homogeneous strong staining (n=31) 360 

Group B: Heterogeneous strong-weak staining (n=38) 361 

Group C: Homogeneous weak staining (n=12) 362 

Group D: Heterogeneous strong-weak-absent staining (n=21) 363 

Group E: Heterogeneous weak-absent staining (n=9) 364 

 365 

B. Survival curves of patients with NSCLC according to their HLA class I heavy chain 366 

expression of each group.  367 

There was no significant differences in prognosis between groups. 368 

 369 

C. Survival analyses 370 

Patients were divided into two groups according to expression of HLA class I heavy 371 

chain. 372 

 373 

D. Survival curves of patients with NSCLC according to their HLA class I heavy chain 374 



  

expression 375 

Patients were divided into two groups: positive (n=81) vs. negative (n=30) 376 

 377 

E. Survival curves of patients with early stage NSCLC according to their HLA class I 378 

heavy chain expression (stage I-II) 379 

Patients were divided into two groups: positive (n=67) vs. negative (n=24) 380 

 381 

Figure 4 382 

A. 2-microglobulin expression in NSCLC 383 

Group A: Homogeneous strong staining (n=12) 384 

Group B: Heterogeneous strong-weak staining (n=37) 385 

Group C: Homogeneous weak staining (n=5) 386 

Group D: Heterogeneous strong-weak-absent staining (n=48) 387 

Group E: Heterogeneous weak-absent staining (n=9) 388 

 389 

B. Survival curves of patients with NSCLC according to 2-microglobulin expression 390 

There were no significant differences in prognosis between the groups. 391 

 392 

C. Survival analyses 393 

Patients were divided into two groups according to expression of 2-microglobulin. 394 

 395 

D. Survival curves of patients with NSCLC according to 2-microglobulin expression 396 

Patients were divided into two groups: positive (n=64) vs. negative (n=57) 397 

 398 

E. Survival curves of patients with early stage NSCLC according to 2-microglobulin 399 

expression (stage I-II) 400 



  

Patients were divided into two groups: positive (n=84) vs. negative (n=7) 401 

  402 



Ichinokawa 

 

19 

References 

1. Goya T, Asamura H, Yoshimura H, et al.: Prognosis of 6644 resected non-small cell lung 

cancers in Japan: a Japanese lung cancer registry study. Lung Cancer 50: 227-234, 2005. 

2. Mountain CF: Revisions in the International System for Staging Lung Cancer. Chest 111: 

1710-1717, 1997. 

3. Sawabata N, Miyaoka E, Asamura H, et al.: Japanese lung cancer registry study of 11,663 

surgical cases in 2004: demographic and prognosis changes over decade. J Thorac Oncol 6: 

1229-1235, 2011. 

4. Dunn GP, Bruce AT, Ikeda H, Old LJ and Schreiber RD: Cancer immunoediting: from 

immunosurveillance to tumor escape. Nat Immunol 3: 991-998, 2002. 

5. Dunn GP, Old LJ and Schreiber RD: The three Es of cancer immunoediting. Annu Rev 

Immunol 22: 329-360, 2004. 

6. Ogino T, Shigyo H, Ishii H, et al.: HLA class I antigen down-regulation in primary laryngeal 

squamous cell carcinoma lesions as a poor prognostic marker. Cancer Res 66: 9281-9289, 

2006. 

7. Ryschich E, Cebotari O, Fabian OV, et al.: Loss of heterozygosity in the HLA class I region in 

human pancreatic cancer. Tissue Antigens 64: 696-702, 2004. 

8. Kooi S, Zhang HZ, Patenia R, Edwards CL, Platsoucas CD and Freedman RS: HLA class I 

expression on human ovarian carcinoma cells correlates with T-cell infiltration in vivo and T-

cell expansion in vitro in low concentrations of recombinant interleukin-2. Cell Immunol 174: 

116-128, 1996. 

9. Madjd Z, Spendlove I, Pinder SE, Ellis IO and Durrant LG: Total loss of MHC class I is an 

independent indicator of good prognosis in breast cancer. Int J Cancer 117: 248-255, 2005. 

10. Watson NF, Ramage JM, Madjd Z, et al.: Immunosurveillance is active in colorectal cancer as 

downregulation but not complete loss of MHC class I expression correlates with a poor 

prognosis. Int J Cancer 118: 6-10, 2006. 

11. Kitamura H, Honma I, Torigoe T, Asanuma H, Sato N and Tsukamoto T: Down-regulation of 

HLA class I antigen is an independent prognostic factor for clear cell renal cell carcinoma. J 

Urol 177: 1269-1272; discussion 1272, 2007. 

12. Rolland P, Deen S, Scott I, Durrant L and Spendlove I: Human leukocyte antigen class I 

antigen expression is an independent prognostic factor in ovarian cancer. Clin Cancer Res 13: 

3591-3596, 2007. 

13. Jager MJ, Hurks HM, Levitskaya J and Kiessling R: HLA expression in uveal melanoma: 

there is no rule without some exception. Hum Immunol 63: 444-451, 2002. 

14. Redondo M, Ruiz-Cabello F, Concha A, et al.: Altered HLA class I expression in non-small cell 

lung cancer is independent of c-myc activation. Cancer Res 51: 2463-2468, 1991. 

15. Korkolopoulou P, Kaklamanis L, Pezzella F, Harris AL and Gatter KC: Loss of antigen-

presenting molecules (MHC class I and TAP-1) in lung cancer. Br J Cancer 73: 148-153, 1996. 



Ichinokawa 

 

20 

16. Ramnath N, Tan D, Li Q, et al.: Is downregulation of MHC class I antigen expression in 

human non-small cell lung cancer associated with prolonged survival? Cancer Immunol 

Immunother 55: 891-899, 2006. 

17. Kikuchi E, Yamazaki K, Torigoe T, et al.: HLA class I antigen expression is associated with a 

favorable prognosis in early stage non-small cell lung cancer. Cancer Sci 98: 1424-1430, 2007. 

18. Redondo M, Concha A, Ruiz-Cabello F, et al.: Class I major histocompatibility complex 

antigens and tumor ploidy in breast and bronchogenic carcinomas. Cancer Detect Prev 21: 

22-28, 1997. 

19. Hanagiri T, Shigematsu Y, Kuroda K, et al.: Prognostic implications of human leukocyte 

antigen class I expression in patients who underwent surgical resection for non-small-cell 

lung cancer. J Surg Res 181: e57-63, 2013. 

20. Torigoe T, Asanuma H, Nakazawa E, et al.: Establishment of a monoclonal anti-pan HLA 

class I antibody suitable for immunostaining of formalin-fixed tissue: unusually high 

frequency of down-regulation in breast cancer tissues. Pathol Int 62: 303-308, 2012. 

21. Ishikawa K, Miyamoto M, Yoshioka T, et al.: Method for the validation of 

immunohistochemical staining using SCID mouse xenografts: expression of CD40 and CD154 

in human non-small cell lung cancer. Oncol Rep 29: 1315-1321, 2013. 

22. Sobin LH, Gospodarowicz MK and Wittekind C: International Union Against Cancer. TNM 

classification of malignant tumours Wiley-Liss, New York, 2009. 

23. Zhang J, Fujimoto J, Zhang J, et al.: Intratumor heterogeneity in localized lung 

adenocarcinomas delineated by multiregion sequencing. Science 346: 256-259, 2014. 

24. Spranger S, Spaapen RM, Zha Y, et al.: Up-regulation of PD-L1, IDO, and T(regs) in the 

melanoma tumor microenvironment is driven by CD8(+) T cells. Sci Transl Med 5: 200ra116, 

2013. 

25. Rooney MS, Shukla SA, Wu CJ, Getz G and Hacohen N: Molecular and genetic properties of 

tumors associated with local immune cytolytic activity. Cell 160: 48-61, 2015. 

26. Shankaran V, Ikeda H, Bruce AT, et al.: IFNgamma and lymphocytes prevent primary 

tumour development and shape tumour immunogenicity. Nature 410: 1107-1111, 2001. 

27. Raez LE, Fein S and Podack ER: Lung cancer immunotherapy. Clin Med Res 3: 221-228, 2005. 

28. Hirschowitz EA, Foody T, Kryscio R, Dickson L, Sturgill J and Yannelli J: Autologous 

dendritic cell vaccines for non-small-cell lung cancer. J Clin Oncol 22: 2808-2815, 2004. 

 

 

  



 -actin

HLA

P.C.AC SQ Benign

Figure 1A

-actin

HLA: HLA class I Heavy chain 

Xenograft 

Culture

HLA



 -actin

P.C.AC SQ Benign

-actin

Figure 1B

2m

2m: 2-microglobulin

2m

Culture

Xenograft 



HLA

2m

HLA class I Heavy Chain

A
b

se
n

t

2-microglobulin

W
ea

k
S

tr
o
n

g

Xenogaraft

LK2

LK2

PC10

PC10

Figure 2

A

B

C

D

E

F

G

H

I

J



0

.2

.4

.6

.8

1

0 365 730 1095 1460 1825 2190 2555 2920 3285

0

10

20

30

40

50

60

70

80

90

100

1 9 17 25 33 41 49 57 65 73 81 89 97 105

系列3

系列2

系列1

Figure 3-1

A

100

80

60

40

20

0

(%)    

Absent

Weak

Strong  

111 cases

A(31) B(38) C(12)   D(21)    E (9)

B

R
at

io
 o

f 
ex

p
re

ss
io

n

O
v
er

al
l 

su
rv

iv
al

 (
%

)

Survival  period (years)

0   1   2   3   4   5   6   7   8   9            

100

80

60

40

20

0

Group A : n=31

Group B : n=38

Group C : n=12

Group D : n=21

Group E : n=9



Figure 3-2

E

O
v
er

al
l 

su
rv

iv
al

 (
%

)

D

O
v
er

al
l 

su
rv

iv
al

 (
%

)

Survival  period (years)

0

.2

.4

.6

.8

1

0 365 730 1095 1460 1825 2190 2555 2920 3285

p=0.012

0   1   2   3   4   5   6   7   8   9            

100

80

60

40

20

0

Positive (Group A-C : n=67)

Negative (Group D-E : n=24)

0

.2

.4

.6

.8

1

0 365 730 1095 1460 1825 2190 2555 2920 3285

Positive (Group A-C : n=81)

Negative (Group D-E : n=30)

p=0.039

100

80

60

40

20

0

0   1   2   3   4   5   6   7   8   9           
Survival period (years)   

Each group of survival analyses

Group           5 years survival rate (%)    p-value

A v.s. B-E          63.4%   v.s.  60.4%        p=0.735    

A-B  v.s. C-E     64.7%   v.s.  50.7%         p=0.073

A-C v.s. D-E      67.1%   v.s.  45.1% p=0.039

A-D v.s. E          63.7%   v.s.  33.3% p=0.031

C



0

.2

.4

.6

.8

1

0 365 730 1095 1460 1825 2190 2555 2920 3285

Figure 4-1

A

100

80

60

40

20

0

(%)    

Absent

Weak

Strong  R
at

io
 o

f 
ex

p
re

ss
io

n

111 cases

A(12) B(37) C(5)       D(48)         E (9)

B

O
v
er

al
l 

su
rv

iv
al

 (
%

)

Survival  period (years)

0   1   2   3   4   5   6   7   8   9            

100

80

60

40

20

0

Group A : n=12

Group B : n=37

Group C : n=5

Group D : n=48

Group E : n=9



0

.2

.4

.6

.8

1

0 365 730 1095 1460 1825 2190 2555 2920 3285

Figure 4-2

Survival period (years)   

C

E

O
v
er

al
l 

su
rv

iv
al

 (
%

)

Positive (Group A-C : n=64)

Negative (Group D-E : n=57)

0

.2

.4

.6

.8

1

0 365 730 1095 1460 1825 2190 2555 2920 3285

p=0.092

100

80

60

40

20

0

O
v
er

al
l 

su
rv

iv
al

 (
%

)

0   1   2   3   4   5   6   7   8   9           

Survival  period (years)

p=0.996

100

80

60

40

20

0

Positive (Group A-C : n=84)

Negative (Group D-E : n=7)

0   1   2   3   4   5   6   7   8   9            

D

Each group of survival analyses

Group           5 years survival rate (%)    p-value

A v.s. B-E          83.3%   v.s.  58.4%        p=0.114    

A-B  v.s. C-E     73.1%   v.s.  51.5%         p=0.057

A-C v.s. D-E      71.5%   v.s.  51.5%        p=0.092

A-D v.s. E          61.7%   v.s.  55.6%        p=0.777



  

Table I: Relationships between HLA class I heavy chain expression in NSCLC and 

clinicopathological variables. 

(-) (+)

N = 30 N = 81 p-value

Variable

Age (years)

≤62 11 47 0.045

>62 19 34

Gender

Male 22 50 0.255

Female 8 31

Histology

AC 13 43 0.312*

SCC 13 25

LCC 2 11

Other 2 2

T-classification

pT1 13 37 0.825

pT2-4 17 44

N-classification

pN (-) 22 57 0.76

pN (+) 8 24

Histopathological grading

G1 9 22 0.835

G2-3 17 46

TNM stage

Stage I 20 51 0.718

Stage II-III 10 30

b2-microglobulin

(+) 8 46 0.005

(-) 22 35

HLA class I Heavy chain staining in cancer cells

 

* Fisher’s exact test. AC: Adenocarcinoma; SCC: Squamous-Cell Carcinoma;  

LCC: Large-Cell Carcinoma; Other: Adenosquamous Carcinoma (3 cases) and 

Carcinosarcoma (1 case)  



  

 

Table II: Univariate and multivariate analysis of clinicopathological factors affecting overall survival after resection.  

 Univariate  Multivariate 

 Hazard ratio 95%CI* p-value  Hazard ratio 95%CI* p-value 

Variable        

Age (years)        

>62 /≤62 1.77 0.97-3.25 0.065     

Gender        

Male / Female 1.98 0.99-3.94 0.051     

T-classification        

pT2-4 / T1 4.08 2.00-8.33 <0.001  3.48 1.70-7.14 0.001 

N-classification        

pN (+) / N(-) 4.17 2.25-7.69 <0.001  3.72 1.99-6.94 <0.001 

TNM stage        

Stage II-III / Stage I 4.61 2.45-8.62 <0.001     

Histopathological grading        

G1 / G2-3 1.31 0.67-2.54 0.433     

HLA class I Heavy Chain        

Negative / Positive 1.88 1.02-3.47 0.043  1.96 1.06-3.62 0.032 

95% CI*: 95% confidence interval



  

Table III: Literature describing HLA class I heavy chain expression in NSCLC. 

 First author /

Year No. reference Histology No. of patients

Loss or down

regulation, No

(%) Sample Antibody

Definition of

loss or down-

regulation Positive control

 The association

between

prognosis and

loss or down-

regulation

59 (100%) 16 (27%)

AC 15 (25%)

SCC 40 (68%)

93 (100%) 37 (40%)

AC 29 (31%) 10 (35%)

SCC 57 (61%) 27 (47%)

123 (100%) 36 (29%)

AC 38 (31%)

SCC 30 (24%)

190 (100%) 178 (94%)

AC 109 (57%) 104 (95%)

SCC 64 (34%) 58 (91%)

161 (100%) 111 (69%)
Endothelial

cells

AC 83 (52%) 47 (57%)

SCC 68 (42%) 57 (84%)

Torigoe / 2012 (20) Not described 35 (100%) 7 (20%) paraffin EMR8-5
Less 75% of the

staining tumor

Endothelial

cells      Stromal

lymphocytes

Not examined

136 (100%) 87  (64%)
Endothelial

cells

AC 96 (71%) 56  (58%)

SCC 33 (24%) 25 (76%)

111 30 (27%)
SCID mice

xenograft

AC 56 13 (23%)

SCC 38 13 (34%)

Expression is

interrelated with

favorable

prognosis

Endothelial

cells

Hanagiri / 2013 (19) paraffin EMR8-5
Less 80% of the

tumor

Expression is

interrelated with

favorable

prognosis in

early stage

Stromal

lymphocytes

This study /

2016
paraffin EMR8-5

Absence of the

staining the

tumor

Kikuchi / 2007 (17) paraffin EMR8-5
Less 80% of the

tumor

Expression is

interrelated with

favorable

prognosis in

early stage

Stromal

lymphocytes

Not examined

Ramnath / 2006 (16) paraffin HC-10

Less or equal

75% of the

staining tumor

Non-neoplastic

lung tissue

Down-

regulation is

associated with

improved

survival

Redondo / 1997 (18) frozen W6 / 32, HC-10

Less 20% of the

staining the

tumor

Stromal cell

Not examined

Korkoloppoulou

/ 1996
(15) frozen

W6 / 32, HCA2,

MA2.1

Less or equal

75% of the

Staining the

tumor

Normal

respiratory

epithelium and

lymphocyte

No association

Redondo / 1991 (14) frozen W6 / 32, HC-10

Less 5% of the

staining the

tumor

Not described

 

AC: adenocarcinoma. SCC: squamous cell carcinoma



 

 

 


