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Multivariate Cox regression model defined HLA expression 
as an independent prognostic factor for both OS [hazard ratio 
1.687 (95% CI 1.045–2.724), P = 0.032] and PFS [hazard 
ratio 2.139 (95% CI 1.376–3.326), P = 0.001]. In the non-
TKI cohort, HLA class I was not significantly associated 
with survival. HLA class I expression was associated with 
CTL infiltration and function, and its prognostic value was 
more predominant in CTL high-density tumors (P < 0.001) 
rather than CTL low-density tumors (P = 0.294).
Conclusions Classical HLA class I expression can serve as 
a potential predictive biomarker for TKI therapy in mRCC 
patients. Its predictive value was restricted in CTL high-
density tumors. However, further external validations and 
functional investigations are still required.

Keywords Metastatic renal-cell carcinoma · Tyrosine 
kinase inhibitors · Human leukocyte antigen class I · 
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Introduction

Renal-cell carcinoma (RCC) accounts for approximately 3% 
of all new cancer cases in the United States [1]. Patient with 
metastatic renal-cell carcinoma (mRCC) usually receives 
targeted agents like tyrosine kinase inhibitors (TKIs) and 

Abstract 
Purpose Classical HLA class I antigen is highly involved 
in antigen presentation and adaptive immune response 
against tumor. In this study, we explored its predictive value 
for treatment response and survival in metastatic renal-cell 
carcinoma (mRCC) patients.
Experimental design A TKI cohort of 111 mRCC patients 
treated with sunitinib or sorafenib and a non-TKI cohort of 
160 mRCC patients treated with interleukin-2 or interferon-
α-based immunotherapy at a single institution were retro-
spectively enrolled. HLA class I expression and cytotoxic 
T lymphocyte (CTL) density was assessed by immunohis-
tochemistry on tissue microarrays. Association between 
HLA class I and CTL was also assessed in the TCGA KIRC 
cohort.
Results In the TKI cohort, down-regulated HLA class I was 
associated with lower objective response rate of TKI ther-
apy (P = 0.004), shorter overall survival (OS) (P = 0.001), 
and shorter progression free survival (PFS) (P < 0.001). 
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mechanistic target of rapamycin inhibitors [2]. Recently, 
immune checkpoint inhibitors have also emerged as an 
option [3]. Patient selection for TKI therapy is currently 
based on eligibility criteria in pivotal phase III trials, patient 
preferences, toxicity profiles, comorbidities, and costs. How-
ever, given the modest increments provided by TKIs coupled 
with their toxicities and comorbidities, optimal patient selec-
tion depending on reliable predictive biomarkers is neces-
sary to maximize treatment benefits [4].

Activation of the immune system has long been observed 
in tumor elimination. However, tumor cells also acquire 
properties to evade the host immune system, which is called 
immune escape [5, 6]. Human leukocyte antigen (HLA) 
class I molecules are involved in the recognition, antigen 
presentation, and lysis of tumor cells by cytotoxic T lym-
phocytes (CTLs), and its defects could facilitate the immune 
escape of tumor [6]. Down-regulated HLA class I expression 
has been reported in various human malignancies including 
breast, lung, kidney cancer, and so on [7–9]. For non-meta-
static RCC, down-regulated HLA class I expression has been 
identified as an adverse prognostic factor [10, 11]. As HLA 
class I loss was more frequently found in RCC metastases 
[12], we hypothesized that it may be involved in the devel-
opment of mRCC. Moreover, TKIs showed immunomodu-
latory effects in mRCC patients, including a reduction of 
myeloid-derived suppressor cells and regulatory T cells as 
well as increased trafficking of  CD8+ CTLs, indicating that 
the preexisting tumor microenvironment may influence TKI 
therapy response [13, 14].

In this study by immunohistochemistry (IHC), we evalu-
ated HLA class I in tumor specimens of 111 mRCC patients 
receiving TKI therapy and 160 mRCC patients treated 
with interleukin-2 or interferon-α based immunotherapy. 
The potential role of HLA class I expression as a predic-
tive biomarker for TKI therapy was evaluated. We further 
investigated the relationship between HLA class I and CTL 
infiltration and function in three independent RCC cohorts.

Materials and methods

Study population

The study involved two cohort of mRCC patients, a TKI 
cohort and a non-TKI cohort. The TKI cohort included 111 
mRCC patients treated with TKIs at Zhongshan Hospital 
of Fudan University between Mar 2005 and Jun 2014. The 
inclusion criteria were mRCC patients receiving TKIs as 
first-line therapy, with available archived primary tumor 
tissue and no history of other malignancies. The exclusion 
criteria were other former systemic therapy, no available tis-
sue sample, tumor necrosis area larger than 80% or loss of 
follow-up. The non-TKI cohort included 160 mRCC patients 

who received interleukin-2 or interferon-α based immuno-
therapy at Zhongshan Hospital of Fudan University between 
Jan 2005 and Dec 2011. No patient in the non-TKI cohort 
ever received TKIs, mTOR inhibitors or immune checkpoint 
inhibitors. This study was approved by the institutional ethi-
cal review boards of Zhongshan Hospital, Fudan Univer-
sity (Registration No. B2015-030). Informed consent was 
obtained from all individual participants included in the 
study. The study was reported following the REMARK cri-
teria [15].

Baseline clinicopathologic data were collected retro-
spectively from medical records. Initial tumor stage was 
reclassified according to the 2010 AJCC TNM classification 
[16]. Metastasis was clinically diagnosed by experienced 
urologists according to the imaging data. Data on treatment, 
response, and survival were also collected retrospectively 
from medical records and disease progression was defined 
according to the RECIST 1.1 criteria [17]. All the medical 
records were reviewed by a professional urologist. All tumor 
sections underwent pathologic re-review by an experienced 
genitourinary pathologist, and tumor histology and nucleus 
grade were determined [18, 19]. International Metastatic 
Renal-Cell Carcinoma Database Consortium (IMDC) model 
was applied for patient risk stratification of the TKI cohort 
[20].

Clinicopathologic and genomic data of The Cancer 
Genome Atlas (TCGA) kidney renal clear cell carcinoma 
(KIRC) cohort were downloaded from the UCSC cancer 
browser (https://genome-cancer.ucsc.edu). Five hundred 
and thirty-two patients with integrated clinicopathologic 
and genomic data were defined as the TCGA KIRC cohort. 
Tumor-infiltrating immune cell proportion was defined using 
the CIBERSORT method [21], a computational approach 
for inferring leukocyte proportion according to bulk tumor 
transcriptomes.

Tissue microarray and IHC staining

Two representative tumor cores were taken from each 
formalin-fixed paraffin-embedded tumor block for tissue 
microarray construction. Each tumor core was 3 mm in 
diameter, 5 μm thick. IHC staining was carried out as pre-
viously described [22]. We used monoclonal HLA class I 
antibody EMR8-5 against the heavy chains of HLA-A, -B, 
and -C (dilution 1:200; ab70328, Abcam) as the primary 
antibody for HLA staining. Anti-CD8 antibody (C8/144B, 
DAKO) was used for CTL identification. Anti-mouse IgG1 
antibody (dilution 1:100, ab91353, Abcam) was used as 
negative control.

Microscopic analysis of tumoral HLA class I expression 
and CTL infiltration density was performed independently 
by two genitourinary pathologists in a blinded manner. HLA 
class I was evaluated under three different areas at 200× 

https://genome-cancer.ucsc.edu
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magnification for each tumor core. The membrane immu-
noreactivity level for HLA class I was categorized as previ-
ously described [10]. A score of 0 was defined as undetect-
able staining. A score of +1 was defined as faint, incomplete 
membrane staining in more than 20% of the tumor cells, or 
as moderate to complete staining in cytoplasm but negative 
membrane staining. A score of +2 was defined as complete 
membrane staining in more than 80% of the tumor cells. As 
only seven samples were defined as score 0, HLA class I 
expression was finally classified as down-regulated (scores 
0 and +1) or positive (score +2) (Fig. 1). The number of 
tumoral  CD8+ CTLs on both cores of each patient’s tumor 
sample was counted. Tumoral CTL infiltration was defined 
as high density (CTL/tumor cell ≥ 5%) and low density 
(CTL/tumor cell < 5%). Cohen’s Kappa test was performed 
for inter-observer agreement evaluation, and the kappa value 
was > 0.75 for both HLA class I and CTL evaluation.

Statistical analysis

Connection between HLA class I expression and clinico-
pathologic characteristics was tested by Chi-square test, 
Fisher’s exact analysis or Cochran–Mantel–Haenszel test. 
Overall survival (OS) was defined as the time from initiation 
of systemic therapy to death or was censored at last follow-
up. Progression free survival (PFS) was defined as the time 
from initiation of systemic therapy to disease progression or 
was censored at last follow-up. Relationship between HLA 
class I and OS/PFS was estimated by Kaplan–Meier method 
and log-rank test. Univariate and multivariate Cox regres-
sion analyses were also used for assessing prognostic value 
of HLA class I expression. Correlation between HLA class 
I expression and CTL infiltration and function was assessed 
by Pearson’s or Spearman’s correlation analysis. Risk strat-
ification models were assessed using receiver operating 
characteristic analysis. All data analyses were done using 
GraphPad Prism 6 (GraphPad Software Inc.), SPSS 19.0 

(SPSS Inc.), and R software version 3.1.2 with the “biocon-
ductor” package (R Foundation for Statistical Computing). 
Pathway analyses were conducted using DAVID Bioinfor-
matics Resources 6.7 (NIAID, NIH). Two tailed P < 0.05 
was considered statistically significant.

Results

Clinicopathologic characteristics and association 
with HLA class I expression

Clinicopathologic characteristics of the TKI cohort are listed 
in Table 1 and those of the non-TKI cohort are listed in Sup-
plementary Table S1. In the TKI cohort, 74 (66.7%) patients 
received sunitinib as first-line therapy, while the other 37 
(33.4%) patients received sorafenib. In the non-TKI cohort, 
all patients received interleukin-2 or interferon-α-based 
immunotherapy. Eighty-nine (80.2%) patients in the TKI 
cohort and 131 (81.9%) patients in the non-TKI cohort were 
diagnosed of ccRCC. Median survival time was 23.5 (95% 
CI 15.2–31.8) months for the TKI cohort and was 12.0 (95% 
CI 9.9–14.1) months for the non-TKI cohort.

In the TKI cohort, 45 (40.5%) patients were grouped as 
HLA class I down-regulated and 66 (59.5%) as positive 
expression. In the non-TKI cohort, 70 (43.8%) patients were 
classified as HLA class I down-regulated and 90 (56.3%) 
as HLA positive expression. Supplementary Table S2 and 
Supplementary Table S3 show the correlation between clini-
cal characteristics and HLA expression in the two cohorts. 
Down-regulated HLA expression was found associated with 
non-clear cell type (P = 0.028) and smaller primary tumor 
size (P = 0.021) in the non-TKI cohort, but not statisti-
cally significant in the TKI cohort. Positive correlation was 
also found between HLA expression and CTL infiltration 
(P = 0.021 for the non-TKI cohort and P = 0.097 for the 
TKI cohort).

Fig. 1  Representative images 
of HLA class I staining in 
mRCC samples. a Down-reg-
ulated HLA class I expression 
in the tumor tissue; b Positive 
HLA class I expression in the 
tumor tissue. Scale bars 25 μm
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HLA class I expression predicts treatment response 
and survival in the TKI cohort

We assessed the correlation between HLA expression 
and patients’ survival in both cohorts. In the TKI cohort, 
down-regulated HLA class I expression was associated 
with shorter OS (P = 0.001, Fig. 2a) and PFS (P < 0.001, 
Fig. 2b) by log-rank test. Four patients were excluded for 
PFS analysis because of incomplete imaging data during 
follow-up. Patients with HLA class I down-regulated tumor 
showed worse TKI treatment response (P = 0.002, Fig. 2c). 
In the non-TKI cohort, HLA expression showed no signifi-
cant correlation with survival (P = 0.164, Supplementary 
Figure S1).

We then focused on the prognostic value of HLA expres-
sion in the TKI cohort. We identified histologic type 
(P = 0.006), TNM stage at diagnosis (P = 0.002), number 
of organ sites with metastases (P = 0.019), IMDC risk group 
(P < 0.001), systemic therapy (P = 0.052), and HLA class 
I expression (P < 0.001) as prognostic factors for OS using 
univariate Cox regression analysis, and similar results were 
also found for PFS (Supplementary Table S4). Multivariate 
Cox regression analysis including these parameters identi-
fied down-regulated HLA class I expression as an independ-
ent predictive factor for both OS (hazard ratio 1.687, 95% 
CI 1.045–2.724, P = 0.032) and PFS (hazard ratio 2.139, 
95% CI 1.376–3.326, P = 0.001) (Table 2). These results 
suggested HLA class I expression as a predictive marker for 
TKI treatment in mRCC patients.

We further assessed predictive value of HLA class I in 
different patient subgroups of the TKI cohort. Down-regu-
lated HLA expression could predict shorter OS in ccRCC 
patients (P < 0.001, Fig. 2d). In patients with only one organ 
involved by RCC metastasis, HLA expression showed unsat-
isfactory predictive value (P = 0.255, Fig. 2e). However, in 
patients with more than one organs involved by RCC metas-
tases, down-regulated HLA class I predicted poor survival, 
in spite of the small sample size (P = 0.002, Fig. 2f).

HLA class I associates with tumoral CTL infiltration 
and function

To investigate the possible functional pathways of HLA 
class I, we made gene profile investigation in the TCGA 
KIRC cohort. Top 1000 co-expression genes of HLA-A were 
enrolled in the gene enrichment analysis. HLA-A was found 
involved in multiple immune-related pathways including 
antigen processing and presentation, T cell receptor signal-
ing pathway, and interferon-γ mediated signaling pathway 
(Supplementary Table S5). These pathways are closely 
related to CTLs. Gene enrichment analysis on HLA-B and 
HLA-C revealed similar results (Supplementary Table S5).

Table 1  Baseline demographics and clinical characteristics of the 
TKI cohort

Data are n (%) or median (IQR)
IMDC International Metastatic Renal-Cell Carcinoma Database Con-
sortium
a Age at initiation of systemic therapy
b Missing for seven patients
c Determined after radical or palliative nephrectomy
d Other metastatic sites include bone, liver, brain, lymph nodes, etc

Characteristics Patients (n = 111)

Age (years)a 59 (53–65)
Sex
 Male 79 (71.2)
 Female 32 (28.8)

Nephrectomy 111 (100)
Histology
 Clear cell type 89 (80.2)
 Papillary 15 (13.5)
 Chromophobe 2 (1.8)
 Collecting duct 2 (1.8)
 Unclassified 3 (2.7)

Tumor nucleus  gradeb

 I 2 (1.9)
 II 54 (51.9)
 III 41 (39.4)
 IV 7 (6.7)

Tumor  sizec 6.5 (5.0-9.0)
TNM stage at first diagnosis
 Stage I–III 52 (46.8)
 Stage IV 59 (53.2)

Site of metastatic disease
 Only lung 51 (45.9)
 Other sites  involvedd 60 (54.1)

Number of organ sites with metastases
 1 78 (70.3)
 2 or more 33 (29.7)

IMDC risk factors
 0 (favorable) 23 (20.7)
 1–2 (intermediate) 60 (54.1)
 3 or more (poor) 28 (25.2)

Systemic therapy
 Sunitinib 74 (66.7)
 Sorafenib 37 (33.4)

HLA class I expression status
 Positive 66 (59.5)
 Down-regulated 45 (40.5)

Tumoral CTL infiltration
 CTL/tumor cell ≥ 5% 50 (45.0)
 CTL/tumor cell < 5% 61 (55.0)
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Fig. 2  HLA class I expression status predicting treatment response 
and survival in mRCC patients under TKI treatment. a, b Kaplan–
Meier survival analysis of a OS, and b PFS according to the HLA 
class I expression. P values, log-rank test. c TKI treatment response 
in different HLA class I expression groups. PR partial response, SD 

stable disease, PD progressive disease. P value, Cochran–Mantel–
Haenszel test. d–f Kaplan–Meier survival analysis of OS in d ccRCC 
patients, e patients with only one organ involved by metastasis and f 
patients with more than one organs involved by metastases. P values, 
log-rank test

Table 2  Multivariate analyses 
of prognostic and predictive 
factors for OS and PFS

P values < 0.05 were marked in bold font
HR hazard ratio, CI confidence interval, OS overall survival, PFS progression free survival, IMDC Interna-
tional Metastatic Renal-Cell Carcinoma Database Consortium
a Number of organs involved by metastases at the initiation of systemic therapy
b Four patients were excluded in PFS analysis because of incomplete imaging data during follow-up
c Data obtained from the Cox proportional hazards model

Variables OS (111 patients) PFS (107 patients)b

HR (95% CI)c P  valuec HR (95% CI)c P  valuec

Histologic type 0.001 0.044
 Non-clear cell vs clear cell type 2.609 (1.473–4.622) 1.713 (1.015–2.891)

TNM stage at diagnosis 0.358 0.547
 IV vs I–III 1.283 (0.754–2.181) 1.157 (0.719–1.862)

Number of organ sites with  metastasesa 0.355 0.020
 ≥ 2 vs 1 1.286 (0.755–2.190) 1.776 (1.096–2.879)

IMDC risk factors <0.001 0.003
 0 (favorable) Reference Reference
 1–2 (intermediate) 1.827 (0.824–4.055) 1.204 (0.629–2.306)
 3 or more (poor) 6.281 (2.510–15.720) 2.882 (1.336–6.218)

Systemic therapy 0.129 0.098
 Sorafenib vs sunitinib 1.477 (0.893–2.444) 1.464 (0.932–2.299)

Tumoral HLA class I expression 0.032 0.001
 Down-regulated vs positive 1.687 (1.045–2.724) 2.139 (1.376–3.326)
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We further investigated the relationship between HLA 
class I and tumor-infiltrating immune cells. Correlation 
between HLA class I mRNA expression and immune 
cell infiltration was evaluated in the TCGA KIRC cohort 
(Fig. 3a). Positive correlation was found between HLA 
class I expression and  CD8+ CTL infiltration (Spearman 
correlation coefficient rs = 0.581, 0.619, 0.515 for HLA-
A, -B, -C, respectively; Fig. 3a). Positive correlation was 
also found between HLA-A and CTL infiltration markers 
CD8A and CD8B (Pearson correlation r = 0.560 and 0.589, 
respectively; Fig. 3b, c), as well as CTL function mark-
ers IFNG and GZMA (Pearson correlation r = 0.496 and 
0.598, respectively; Fig. 3d, e). We also found that HLA-A 

was associated with PD-1 expression (Pearson correlation 
r = 0.597, Fig. 3f). However, HLA-A did not correlate 
with PD-L1 expression (Pearson correlation r = −0.024, 
P = 0.583, Fig. 3g). Similar results were also found for 
HLA-B and HLA-C (Supplementary Figure S2).

Predictive value of HLA class I expression depends 
on CTLs

We performed IHC staining of CD8 for CTL identification 
in both the TKI cohort and the non-TKI cohort (Fig. 4a, b). 
Tumor-infiltrating CTL/tumor cell ratio ≥ 5% was defined as 
high CTL infiltration. We found positive correlation between 

Fig. 3  HLA class I expression is associated with CTL infiltration and 
function. a Heatmap of Spearman’s correlation coefficients calcu-
lated from the comparison of the HLA-A, -B, and -C expression and 
tumor-infiltrating immune cell proportion in the TCGA KIRC cohort. 
Red squares indicate positive correlations, while blue squares indi-

cate negative correlations. b–g Co-expression between HLA-A and 
CD8A (b), CD8B (c), IFN-γ (d), GZMA (e), PD-1 (f), and PD-L1 (g) 
according to the RNA-seq RSEM data in the TCGA KIRC cohort. P 
values, Pearson’s correlation analysis
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HLA expression and CTL infiltration (P = 0.097 for the TKI 
cohort, P = 0.021 for the non-TKI cohort, Fig. 4c). Since 
CTL infiltration and function was closely related to HLA 
class I molecules, we assessed prognostic value of HLA 
class I expression in CTL high-density and low-density 
mRCC. Significant predictive value was found in CD8 high-
density RCC (P < 0.001, Fig. 4d), rather than CD8 low-
density tumors (P = 0.294, Fig. 4e). We further combined 
HLA class I expression, CTL density, and the IMDC risk 
criteria to generate a new predictive model for OS. Receiver 
operating characteristic analysis showed better survival pre-
diction using the combined model (AUC = 0.867, 95% CI 
0.789–0.924) than the IMDC model alone (AUC = 0.790, 
95% CI 0.702–0.862) (P = 0.001, Fig. 4f).

Discussion

In this study, we explored the relationship between HLA 
class I antigen expression and TKI treatment response in 
mRCC patients. The results showed that down-regulated 
HLA class I expression predicted worse treatment response 

and shorter survival. We also found significant correlation 
between HLA class I and CTL infiltration. HLA class I 
expression predicted treatment benefit of TKIs more effi-
ciently in CTL high infiltration tumors.

A proper constitutive HLA class I surface expression 
is necessary for the presentation of self/non-self anti-
gens [23]. Although HLA class I antigen is constitutively 
expressed in almost all adult-nucleated cells under physi-
ological conditions, its expression could also be regu-
lated by cytokines like interferon (IFN)-γ and interleukin 
(IL)-10 [23]. The published data on the HLA-I expres-
sion in RCC are controversial. HLA class I loss has been 
reported in a number of cancers [7–11]. However, in RCC, 
the percentage is much lower than in the other types of 
malignancy. Our study identified the positive correlation 
between HLA class I expression and tumoral CTL infil-
tration and function in RCC (Figs. 3, 4c), suggesting that 
even not completely loss, relatively down-regulated HLA 
class I expression could also lead to tumor immune escape. 
In addition, the prognostic significance of HLA class I 
was found more predominant in mRCC with CTL high 
infiltration (Fig. 4d, e), suggesting that tumor-infiltrating 

Fig. 4  Predictive value of HLA class I expression depending on 
tumoral CTL infiltration. a, b Representative of a high CTL infiltra-
tion density and b low CTL infiltration density in the RCC tissue. 
Scale bars 50  μm. c CTL density in different HLA class I expres-
sion groups in the TKI cohort and the non-TKI cohort. P value, Chi-

square test. d, e OS in d high CTL density and e low CTL density 
mRCC patients. P values, log-rank test. f Receiver operating charac-
teristic analysis for predicting 1-year survival. Red curve, IMDC risk 
criteria alone. Blue curve, IMDC risk criteria combined with HLA 
class I expression and CTL density. P value, Z test
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CTLs contribute to disease limitation especially in HLA 
class I positive mRCC. Moreover, there are also publica-
tions demonstrating that RCC tumor cells express higher 
levels of HLA-I than healthy adjacent renal tissue, both 
on protein and on RNA levels [11, 24]. Because of the 
immunogenic nature and abundant immune cell infiltration 
in RCC, the elevated HLA class I expression might repre-
sent the local activation of anti-tumor immunity in RCC.

In our study, we observed close relationship between 
HLA class I status and TKI treatment response of mRCC 
patients. Tumors with positive HLA class I expression 
showed an objective response rate of 35.5%, compared 
with 11.1% in those with down-regulated HLA class I 
(P = 0.004). A significantly prolonged OS (P = 0.001, 
Fig. 2a) and PFS (P < 0.001, Fig. 2b) was also observed 
in patients with HLA class I positive mRCC. Moreover, in 
the integrated model combining HLA class I expression, 
 CD8+ CTL infiltration, and IMDC score, we observed sig-
nificantly improved predictive value than IMDC score alone 
(AUC = 0.867 vs AUC = 0.790, P = 0.001, Fig. 4f). These 
results suggested that HLA class I expression could serve 
as a potential predictive biomarker for patient selection of 
TKI therapy.

The mechanism underlying better response rate of HLA 
class I positive mRCC remains obscure, since HLA class I 
antigen has not been reported to involve in angiogenesis. 
However, although TKIs were usually considered as anti-
angiogenic agents, recent studies have also revealed their 
immunomodulatory effects. TKIs have been shown to 
decrease the number and effectiveness of regulatory T cells 
and MDSCs in various cancer models including RCC [13, 
25, 26]. Clinical trials are still testing the potential benefits 
of immunotherapy combined with targeted agents for treat-
ing mRCC [27]. These studies implied that the effect of TKIs 
at least partially relied on their immunomodulatory effects. 
On the other hand, once the tumor successfully escaped from 
the immune surveillance system, the effect of TKIs might 
be unsatisfactory. In our study, we identified the associa-
tion between down-regulated HLA class I expression and 
TKI resistance, which also indicated the immunomodulatory 
effect of TKI agents. Data mining into the possible related 
biological processes of HLA also supported the theory, 
together with the observation that the predictive value of 
HLA class I was restricted in CTL high-density tumors.

In our study, we observed statistically significant cor-
relation between HLA-A and PD-1 expression (Pearson’s 
correlation = 0.597, P < 0.001, Fig. 3f). However, HLA-A 
and PD-L1 expression seemed to be independent (Pear-
son’s correlation = 0.024, P = 0.583, Fig. 3g). Similar 
results were also found for HLA-B and HLA-C (Sup-
plementary Figure S2e, S2f, S2k, S2l). PD-1 could be 
regarded as a T cell activation marker, but the interaction 
of PD-1 and PD-L1 contributes to T cell exhaustion. The 

lack of association between PD-L1 and HLA-I indicated 
that tumoral HLA-I expression was independent from 
PD-L1 related immune suppression.

The major limitations of this study are its retrospec-
tive design and relatively small sample size mostly from 
East Asia. Future prospective external validations are still 
required. Moreover, we used HLA class I antibody EMR8-5 
against all alleles of HLA-A, -B and -C in this study, but 
the function of HLA class I complex also relies on β2-
microglobulin. Distinct functions of HLA-A, -B, and -C, and 
their functional interaction with β2-microglobulin should be 
evaluated in further studies. In addition, HLA polymorphism 
may be involved in anti-tumor immunity, which also needs 
further investigations. Finally, patients in this study received 
TKIs as first-line therapy. As HLA class I antigen is strongly 
involved in the adaptive immune response against tumor, 
its predictive value for immune checkpoint inhibitors needs 
further investigations.

Conclusions

Our study indicated that down-regulated HLA class I expres-
sion could serve as a predictive biomarker for low response 
rate and dismal survival in mRCC patients under TKI ther-
apy. HLA class I expression was associated with tumoral 
CTL infiltration and function, and its predictive value was 
restricted in CTL high infiltration tumors.
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