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Background: The anti-programmed death-1 (PD-1)/programmed death ligand-1 (PD-L1) 

monoclonal antibody has a good effect in the treatment of non-small cell lung cancer (NSCLC), 

but not all PD-1/PD-L1 positive patients can get benefit from it. Compensatory expression 

of other immune checkpoints may be correlated with the poor efficacy of anti-PD-1/PD-L1 

monoclonal antibodies. The inhibitory human leukocyte antigen (HLA)/killer cell Ig-like 

receptor (KIR) can effectively block the killing effect of natural killer (NK) cells on tumors. 

Our previous studies have confirmed that high expression of KIR was correlated with poor 

prognosis of NSCLC. Inhibitory KIR expression was positively correlated with the expres-

sion of PD-1.

Methods: The expressions of KIR 2D (L1, L3, L4, S4) (BC032422/ADQ31987/NP_002246/

NP_036446, Abcam) and PD-1 (NAT 105, Cell marque) proteins was assessed by immunohis-

tochemistry.

Results: The expression of inhibitory KIR in tumor cells or tumor infiltrating lymphocytes (TILs) 

is associated with PD-1 expression. Among PD-1 positive patients, 76.3% were KIR 2D (L1, 

L3, L4, S4) positive on tumor cells, and 74.6% were KIR 2D (L1, L3, L4, S4) positive on TILs. 

We compared the expression of inhibitory KIR before and after treatment with nivolumab in 

11 patients with NSCLC. We found that five (45.5%) patients had positive expression of inhibi-

tory KIR in tumor tissue after being treated with anti-PD-1 monoclonal antibodies, two of whom 

exhibited a significant increase in expression of inhibitory KIR, and three showed no change.

Conclusions: PD-1 expression was correlated with KIR 2D (L1, L3, L4, S4) on tumor cells 

or TILs. The resistance to anti-PD-1 monoclonal antibody treatment might be related to KIR. 

The inhibitory HLA/KIR could combine with the PD-1/PD-L1 signaling pathway negatively 

regulating NSCLC tumor immunity.

Keywords: non-small cell lung cancer, immune therapy, HLA/KIR, PD-1/PD-L1, tumor 

immune escape

Introduction
Lung cancer is one of the most common cancers in the world.1 Most lung cancer 

patients are diagnosed at an advanced stage.2 In addition to traditional chemotherapy, 

targeted therapy has become a common treatment for advanced non-small cell lung 

cancer (NSCLC). However, only patients with a driver mutation can get benefit from 

it. Moreover, resistance to the targeted therapy is inevitable.3–5 Therefore, searching 

for a safer and more effective treatment is necessary.
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Cancer immunotherapy has developed dramatically 

in recent years. Blocking immune checkpoints, such as 

cytotoxic T lymphocyte antigen-4 (CTLA-4), programmed 

death-1 (PD-1) and programmed death ligand-1 (PD-L1), 

to activate T cell immune response to tumors has become 

a new anti-cancer strategy.6–11 PD-1/PD-L1 is an important 

pathway in tumor immune escape. When PD-1 binds to 

PD-L1, inhibitory signals can be delivered to activate T cells 

to inhibit cytotoxic T lymphocytes (CTLs).6 High expression 

of PD-L1 is indicative of poor prognosis in malignant tumors 

such as kidney, ovarian and lung cancer.12–14 In our previous 

studies, we analyzed the expression of PD-1 and PD-L1 in 

NSCLC patient surgical tumor tissues and found that patients 

with higher expression of PD-L1 had poorer prognosis.15 

Checkmate 017, 057, Keynote-010, 024 and OAK showed 

that anti-PD-1/PD-L1 monoclonal antibodies (nivolumab, 

pembrolizumab and atezolizumab) could not only improve 

the objective response rate (ORR), but also prolong the 

overall survival (OS) in NSCLC patients. Based on those 

studies, the US Food and Drug Administration (FDA) has 

approved anti-PD-1/PD-L1 monoclonal antibodies to be the 

standard treatment for NSCLC patients.16–20

Although anti-PD-1/PD-L1 monoclonal antibodies can 

achieve a good response in advanced NSCLC, not all patients 

with PD-1/PD-L1 positive expression will benefit from them. 

The efficacy of PD-1/PD-L1 inhibitors was about 20% in 

advanced NSCLC patients.17,18,20 As with targeted therapy, 

resistance to immunotherapy is an inevitable problem.21 In a 

malignant melanoma study, 15 of 42 patients (35%) treated 

with anti-PD-1 monoclonal antibodies developed resistance. 

The resistance mechanism may be related to the mutation of 

Jana kinase 1 (JAK1), JAK2 and β2-microglobulin (B2M).22 

Another study found that anti-PD-1 monoclonal antibody 

treatment resistance significantly increased the expression 

of T-cell immunoglobulin and mucin-domain containing-3 

(TIM-3), which suggested that the resistance to anti-PD-1 

monoclonal antibody treatment might be related to other 

immunological checkpoints. The compensatory high expres-

sion of other immunological checkpoints might be involved 

in the resistance mechanisms to anti-PD1/PD-L1 monoclonal 

antibodies.23 Therefore, it is logical to consider whether the 

combination of anti-PD-1/PD-L1 monoclonal antibodies with 

other immune checkpoint inhibitors may effectively over-

come anti-PD-1/PD-L1 monoclonal antibody resistance.

Combination treatments using anti-PD-1/PD-L1 monoclo-

nal antibodies with other treatments including chemotherapy, 

anti-angiogenic medicines and immune therapy are the 

focus of multiple recent studies. The CheckMate-012 study 

reported the results of the combination therapy of nivolumab 

and ipilimumab (anti-CTLA-4 monoclonal antibodies).24 

The benefit observed from combining nivolumab and 

ipilimumab may be due to synergistic mechanisms of 

increasing T cell activity. Our previous studies have con-

firmed that high expression of killer cell Ig-like receptor 

(KIR) was correlated with poor prognosis of NSCLC, and 

inhibitory KIR expression was positively correlated with the 

expression of PD-1. In this study, we found the correlation 

between PD-1 and KIR expression and analyzed whether 

the resistance of anti-PD-1 monoclonal antibody treatment 

is related to KIR.

Methods
Patients
Primary tumor specimens were obtained from 130 NSCLC 

surgical patients, Chan Lab, University of Colorado, USA 

from June 2008 to October 2013. The patients had not 

undergone radiation or chemotherapy before surgery. The 

surgical histology reports were reviewed and the lymph 

node and lung cancer stages were categorized by the 7th 

edition International Association for the Study of Lung 

Cancer (IASLC) TNM staging system. Another 11 NSCLC 

patients treated with nivolumab were enrolled. The protocol 

was approved by the Shanghai Pulmonary Hospital, Tongji 

University. All patients were competent to provide their con-

sent. All the patients provided written informed consent for 

the use of their tumor specimens in research. The University 

of Colorado approved the use of the tumor specimens and 

histological reports.

ihc for PD-1 and Kir 2D (l1, l3, l4, s4)
The immunohistochemistry (IHC) method for PD-1 was 

described in our published paper.15 The IHC method for KIR 

2D (L1, L3, L4, S4) was described in our published paper.25

statistical analysis
We performed statistical analysis by SPSS 17.0. Chi-square 

tests were used to analyze correlation between KIR protein 

expression and PD-1. All statistics were 2-sided and statistical 

significance was defined as P,0.05.

Results
Patient characteristics
Of the patients, 82 (71.0%) were less than 70 years old and 

48 (29.0%) were more than 70 years old; 60 (48.4%) were 

male and 70 (51.6%) were female. The median age was 

58 years old. There were 39 (21.0%) who had never smoked, 
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while 91 (79.0%) were smokers; 22 (19.4%) had stage I–II 

lung cancer, while 108 (80.6%) were stage III–IV; 67 (67.7%) 

had adenocarcinoma and 49 (25.8%) had squamous cell 

carcinoma (SCC) (Table 1).

correlation between PD-1 and Kir 
expression
Among PD-1 positive patients, 76.3% were KIR 2D (L1, L3, 

L4, S4) positive on tumor cells, and 74.6% were KIR 2D 

(L1, L3, L4, S4) positive on tumor infiltrating lymphocytes 

(TILs). High expression of PD-1 was significantly correlated 

with higher expression of KIR 2D (L1, L3, L4, S4) on tumor 

cells (P=0.040) and TILs (P=0.018) (Table 2).

Kir expression before and after anti-
PD-1 monoclonal antibody treatment
We compared the expression of inhibitory KIR before and 

after treatment with nivolumab in 11 patients with NSCLC. 

We found that five (45.5%) patients had positive expression 

of inhibitory KIR in tumor tissue after being treated with 

anti-PD-1 monoclonal antibodies, two of whom exhibited 

a significant increase in expression of inhibitory KIR and 

three showed no change (Figure 1).

Discussion
To our knowledge, this is the first study to analyze the correla-

tions between PD-1 and KIR. We observed KIR expression 

before and after anti-PD-1 monoclonal antibody treatment. 

We found that the resistance to anti-PD-1 monoclonal anti-

body treatment might be related to KIR. The inhibitory HLA/

KIR could combine with the PD-1/PD-L1 signaling pathway, 

negatively regulating NSCLC tumor immunity.

In addition to T cell immunity, natural killer (NK) cells 

also play a critical role in tumor immunity. NK cells account 

for about 10%–15% of the total number of human peripheral 

blood lymphocytes, and are mainly involved in immune 

surveillance to eliminate tumors, viral infections and other 

abnormal cells.26 In the case of tumors and viral infections, 

the low expression of human leukocyte antigen (HLA) on 

the cell surface triggers the NK cells to attack. KIR (CD158) 

is in the HLA-binding receptor family.27,28 The binding of 

inhibitory KIR to HLA can decrease the killing response 

of NK cells to abnormal cells, promoting susceptibility to 

many diseases. For example, inhibitory KIR expression was 

Table 1 Patient characteristics

Characteristic Total

Age (years), median 58
,70, n (%) 82 (71.0%)
$70, n (%) 48 (29.0%)
Gender, n (%)
Male 60 (48.4%)
Female 70 (51.6%)
Smoking status, n (%)
non-smoker 39 (21.0%)
smoker 91 (79.0%)
Lung cancer staging, n (%)
i–ii 22 (19.4%)
iii–iV 108 (80.6%)
Pathology, n (%)
scc 49 (25.8%)
adenocarcinoma 67 (67.7%)
nsclc nOs/mixed 14 (6.5%)

Abbreviations: NSCLC, non-small cell lung cancer; NOS, not otherwise specified; 
scc, squamous cell carcinoma.

Table 2 correlation between Kir 2D l1–3 and PD-1 expression

Characteristic PD-1 on TILs

Negative Positive P-value

KIR 2D on tumor cells, n (%)
negative 30 (42.3%) 14 (23.7%) 0.040
Positive 41 (57.7%) 45 (76.3%)
KIR 2D on TILs, n (%)
negative 33 (46.5%) 15 (25.4%) 0.018
Positive 38 (53.5%) 44 (74.6%)

Abbreviations: Kir, killer cell ig-like receptor; PD-1, programmed death-1; Tils, 
tumor infiltrating lymphocytes.

Figure 1 inhibitory Kir expression on nsclc before and after treatment with 
anti-PD-1 monoclonal antibodies. (A) inhibitory Kir expression in nsclc before 
treatment with anti-PD-1 monoclonal antibodies. (B) inhibitory Kir expression in 
nsclc after treatment with anti-PD-1 monoclonal antibodies.
Abbreviations: Kir, killer cell ig-like receptor; nsclc, non-small cell lung cancer; 
PD-1, programmed death-1.
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significantly increased in malignant melanoma;29 the upregu-

lation of KIR 2DL4 expression increased the invasive and 

metastatic activity of breast cancer.30 Inhibitory KIR can also 

promote the development of multiple myeloma by blocking 

the process of NK cell immunity and T cell cytotoxicity.31 

Moreover, inhibitory KIR could downregulate tumor immu-

nity in metastatic colon cancer, acute myeloid leukemia, 

invasive cervical cancer and other malignant tumors.32–34

Since inhibitory KIR plays a critical role in regulating 

NK cell activation, the therapeutic strategy to block inhibi-

tory KIR function may promote the anti-tumor effect of NK 

cells.35 Numerous related clinical trials are ongoing now 

including the Phase I clinical study (NCT00552396) initiated 

by Innate Pharma in patients with multiple myeloma (anti-

KIR monoclonal antibodies, 1-7F9) and the phase I clinical 

study (NCT01256073) of anti-KIR monoclonal antibodies 

(1-7F9) in acute myeloid leukemia patients. The prospect of 

combining therapy of KIR inhibition with other immuno-

therapy is under investigation: Bristol-Myers Squibb initiated 

Phase I clinical trials (NCT01750580)40 to observe the safety 

of Lirilumab (BMS-986015, anti-KIR monoclonal antibod-

ies) combined with ipilimumab (anti-CTLA-4 monoclonal 

antibodies) in patients with progression of advanced solid 

tumors. Meanwhile, another Phase I clinical trial to observe 

the safety of Lirilumab (BMS-986015, anti-KIR monoclonal 

antibodies) combined with nivolumab (anti-PD-1 monoclo-

nal antibodies) in advanced solid tumors is also in progress 

(NCT01714739).41 We detected inhibitory KIR in 62 newly 

diagnosed NSCLC patients by IHC and found out that it 

expressed in both tumor cells and TILs. The high expression 

of inhibitory KIR in tumor cells or in TILs was correlated with 

poor prognosis.25 These results suggested that the inhibitory 

HLA/KIR signaling pathway might be involved in tumor 

immune escape in NSCLC. Blocking inhibitory HLA/KIR 

might be a new option for NSCLC treatments.

Both inhibitory HLA/KIR and PD-1/PD-L1 pathways can 

affect tumor immunity via cytokines. Blocking the inhibitory 

HLA/KIR pathway induced NK cells to secrete interferon-γ 

(IFN-γ) in an in vitro study.36 In acute myeloid leukemia, the 

blockade of inhibitory KIR leads to increased expression of 

tumor necrosis factor (TNF-α).33 In patients with multiple 

myeloma, when anti-inhibitory KIR medicine was used, 

the expression of IFN-γ, TNF-α, interleukin-6 (IL-6), mac-

rophage inflammatory protein-1 macrophage inflammatory 

protein-1-β, MIP-1-β and IL-1β increased.31 In patients with 

acute myeloid leukemia, the same cytokine changes were 

observed when using inhibitory KIR blockade medicine.33 

It was reported that IFN-γ could upregulate the expression 

of PD-L1 on tumor cells. Subcutaneous injection of IFN-γ  

in an ovarian cancer mouse model could induce the expression 

of PD-L1, promoting tumor growth.37 In multiple myeloma, 

IFN-γ could also upregulate the expression of PD-L1.38 Simi-

larly, in the melanoma mouse model, IFN-γ secreted by CD 

8+T cells could promote the expression of PD-L1,39 indicat-

ing a potential circular signaling pathway. In this study, we 

analyzed the expressions of KIR 2DL1–3 and PD-1 protein 

in 130 cases of newly diagnosed NSCLC tumors. We found 

that the expression of inhibitory KIR in tumor cells or TILs 

is associated with PD-1 expression. High expression of PD-1 

was significantly correlated with higher expression of KIR 2D 

(L1, L3, L4, S4) on tumor cells and TILs. These results con-

firm that there was a significant positive correlation between 

inhibitory KIR and PD-1, which further suggested that there 

was crosstalk between the HLA/KIR and the PD-1/PD-L1 

signaling pathways. Further, we compared the expression of 

inhibitory KIR before and after treatment with nivolumab in 

11 patients with NSCLC. We found that five (45.5%) patients 

had positive expression of inhibitory KIR in tumor tissue 

after being treated with anti-PD-1 monoclonal antibodies, 

two of whom exhibited a significant increase in expression of 

inhibitory KIR, and three showed no change. Therefore, we 

hypothesize the resistance of anti-PD-1 monoclonal antibody 

treatment might be related to KIR.

There were some limitations in our study. First, the size of 

the sample was small. Second, we lacked some data includ-

ing ORR and OS to predict the prognosis. Third, we should 

separate NK cells from other immune cells. Further, we will 

prospectively analyze KIR expression on TILs and NK cells, 

and analyze the correlation between KIR with ORR and OS 

in a large scale study.

Based on the above data, we propose that inhibitory HLA/KIR 

can block NSCLC tumor immunity, and inhibition of HLA/KIR 

combined with PD-1/PD-L1 can mediate NSCLC tumor 

immune escape. The combined effect between NK cell immu-

nity in the inhibitory HLA/KIR pathway and T cell immunity 

in the PD-1/PD-L1 pathway deserves further investigation.
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