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Abstract: Lung cancer is one of the commonest cancers in the world. More than 70% of

lung cancer patients are diagnosed with non-small cell lung cancer (NSCLC). Major histo-

compatibility complex class II (MHC class II), an important component in antigen presenting

process, usually expresses on professional antigen presenting cells (APCs), and it can be

induced by interferon-γ (IFN-γ). MHC class II can be expressed by NSCLC cells. In NSCLC

patients, the expression of MHC class II can be correlated with the outcome of

anti-programmed death-1 (anti-PD-1) therapy. This review summarizes MHC class II expres-

sion in NSCLC and the correlation between MHC class II and NSCLC diagnosis, prognosis

and therapy.
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Introduction
Lung cancer is one of the commonest cancers in the world.1 Mortality from lung

cancer is the highest among all cancers in male and female.2 Lung cancer can be

divided into non-small cell lung cancer (NSCLC) and small cell lung cancer

(SCLC). NSCLC patients account for more than 70% of lung cancer patients.3

Nowadays, early stage NSCLC patients usually tend to be cured by surgery,4

however, most patients with advanced NSCLC cannot be operated on.5

Chemotherapy can be applied for patients in advanced stages.6 However, fewer

than half NSCLC patients could benefit from chemotherapy due to tumor intrinsic

and acquired resistance to chemotherapy drugs.7 Target therapy provides a method

for treating advanced stage patients, such as epidermal growth factor receptor

tyrosine kinase inhibitor (EGFR-TKI) therapy. But only patients who have the

appropriate mutation can get benefit from it.5,8 Recently, immunotherapy for cancer

has mademuch progress, and many strategies to modulate host antitumor immunity

have been studied and applied for cancer treatment.9 For example, therapeutics

targeting on immune checkpoints, such as cytotoxic T lymphocyte antigen-4

(CTLA-4) and programmed death-1 (PD-1)/programmed death-ligand 1 (PD-L1),

have been explored in different clinical trials, even though some problems need to

be further investigated.10–12

Major histocompatibility complex class II (MHC class II), also called human

leukocyte antigen class II (HLA class II), involves an antigen presenting process,
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especially exogenous antigens (Figure 1). It is important in

activating CD4+ T cells. MHC class II expresses on pro-

fessional antigen presenting cells (APCs) and thymic

epithelial cells constitutively, and it can also be induced

by interferon-γ (IFN-γ) on other cells.13 Due to its impor-

tant role in immune reaction, it has been studied in cancers

such as, NSCLC,14 melanoma,15 colorectal cancer,16 thyr-

oid cancer,17 breast cancer18 and so on. MHC class II is

correlated with the cancer prognosis and it is meaningful

for selecting patients for immunotherapy.19 In this review,

we studied MHC class II and focused on it in NSCLC.

MHC class II molecule
MHC class II is a group of protein which is encoded by

HLA class II gene, and it has three classical molecules

(HLA-DR, HLA-DQ, HLA-DP) and two nonclassical

molecules (HLA-DM, HLA-DO). The classical molecules

express on the cell surface and compose the antigen

Figure 1 Classical antigen presenting by MHC class II molecule. MHC class II is an important part in antigen presenting process especially in presentation of exogenous

antigens. APCs can take up antigens through phagocytosis, pinocytosis and other ways. Protein antigens will go into the endosomes. The α chain and β chain of MHC class II

are dimerized in endoplasmic reticulum and combine with Ia-associated invariant chain (Ii) to form (αβIi)3 as nonamer. The nonamer will be sent to Golgi apparatus and then

form the MHC class II compartment (MIIC). In MIIC the Ii will be decomposed, but class II-associated invariant chain peptide (CLIP) will still be preserved. The endosome

merges with MIIC, CLIP will be removed with assistance of HLA-DM (not shown in figure) and the peptide of antigen will be loaded on MHC class II subsequently. Then it

can be presented to CD4+ T cells to activate them and trigger the latter reactions.

Figure 2 Classical MHC class II molecule. MHC class II molecule is a heterodimer molecule which is encoded by HLA class II gene. It has two chains named α chain and

β chain, and every chain has extracellular region, transcellular region and intracellular region.
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presenting molecules. Nonclassical molecules express in

cytoplasm and involve modulating antigens binding with

classical molecules.20 MHC class II, a heterodimer mole-

cule, consists of α chain and β chain (Figure 2), and both

chains are glycosylated and polymorphic.13 MHC class II

usually expresses on professional APCs, including dendri-

tic cells (DCs), B cells and macrophages, and it also

expresses on thymic epithelial cells. Sometimes it can

also been found on malignant tumor cells.14,21,22 IFN-γ
can induce different cancer cell lines to express MHC class

II, including large cell lung carcinoma cell lines, squamous

cell lung carcinoma cell lines, etc.23

MHC class II in antitumor immunity
As the downregulation of MHC class I would assist cancer

cells escape from specific cytotoxic T cells mediated

cytolysis,24 MHC class I was considered an important

part in antitumor immunoreaction. Tumor antigen specific

CD4+ T cell also plays an important role in inducing and

maintaining antitumor immunity, including assisting CD8+

T cells, secreting cytokines which are essential for T cell

differentiation and function.25 Because activation of anti-

gen specific CD4+ T cells requires MHC class II to present

the antigen, MHC class II is as significant as MHC class I

in antitumor immunity. MHC class II constitutively

expresses on APCs, however, APCs in the tumor micro-

environment are frequently immunosuppressive and fail to

activate T cells.26 This will limit the function of T cells.

Nevertheless MHC class II can be induced to express on

tumor cells by IFN-γ which means tumor cells may have

the ability to present antigens. Alternatively, most immu-

nogenic tumor antigens are inside the tumor cells, gener-

ally MHC class II cannot present intracellular antigen.

However, according to current research it had been found

that intracellular antigens could be presented by tumor

cells. And tumor antigen specific CD4+ T cells could

recognize tumor cells directly through the mechanism

that had not been fully understood.25,27,28 A recent analy-

sis even found that tumor mutations with high affinity to

MHC class II would cause selective pressure in tumori-

genesis, which also indicated that MHC class II-restricted

antigen presentation was important in antitumor

immunity.29 However, MHC class II-restricted antigen

presentation may not always have positive effects on anti-

tumor immunity. A study in mice found that nonmutated

self-epitopes that might be overexpressed in tumor cells

could be presented by MHC class II and be recognized by

Tregs, which could suppress the antitumor response of the

host.30 Another study showed that the antigen presented by

tumor cells through MHC class II could alter tumor anti-

gen specific T cells into Tregs and restrict the ability to

eliminate tumor cells.31

Encoding gene of MHC class II and
NSCLC
MHC class II is encoded by HLA class II gene which is the

most polymorphic gene system in humans. Differences in

frequency of HLA alleles between cancer patients and

healthy people have been found. These differences correlate

with the risk of carcinogenesis, cancer biological behavior,

response to treatment and so on. These have been detected

in many cancers. For instance, HLA-DRB1*1301/02

frequency was lower in patients compared to that in control,

while HLA-DQB1*03 frequency was higher in HPV (+) cer-

vical carcinoma.32 Lower frequency of HLA-DRB1*1302

was found in Han nationality lung cancer patients from

North China and it was also detected in Japanese lung

cancer patients.33,34 And patients of Han nationality from

North China had higher frequency of HLA-DRB1*0401,

HLA-DRB1*0402 and HLA-DRB1*1201 than healthy con-

trols, which might indicate that these were susceptible fac-

tors of lung cancer.33 In Japanese, HLA-DRB1*14 group

was found absent in lung cancer patients while the fre-

quency of HLA-DRB1*0901 was significantly increased.34

HLA-DQA1*03 was associated with risk of adenocarci-

noma, and it was also correlated to squamous cell

carcinoma.35,36 HLA-DRB1*07, HLA-DQ02, HLA-DQ07

frequency was significantly decreased in NSCLC. And

HLA-DRB1*07 was significantly higher in patients at an

early stage than those at an advanced stage.37 Omer Araz et

al found NSCLC patients who had better response to gem-

citabine and cisplatin combination chemotherapy regimen

had significantly higher frequency of HLA-DRB1*13,

HLA-DQ5, HLA-DQ7.38

Besides, some single nucleotide polymorphisms

(SNPs) in HLA class II gene were also detected in lung

cancer. Rs2179920, a SNP located in intergenic region

near HLA-DPB1, was significantly associated with EGFR

mutation positive adenocarcinoma.39 Rs2395185 in HLA

class II gene might be involved in gene-household air

pollution interaction which might impact lung cancer risk

in Asian never smoking female lung cancer patients.40

Both rs3129871 located in HLA-DRA and rs2187668

located in HLA-DQA1 had association with lung cancer

risk, while former was a protective factor and latter a
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susceptible factor.41 SNPs were studied not only in classi-

cal MHC class II gene, but also in nonclassical MHC class

II gene. SNP rs2071554, a missense variation in first exon

of HLA-DOB was associated with poor survival in

advanced patients. And in silico analysis suggested that it

might damage the protein function.42

As many studies have shown HLA class II gene is

different between cancer patients and healthy controls,

HLA class II gene analysis may provide predictive infor-

mation for lung cancer risk, prognosis and response to

treatment.33,38,42 However, HLA genes have intrinsic dif-

ferences between different regions and nationalities, which

makes it necessary to do further research in large NSCLC

samples in different regions and nationalities. Until now,

the mechanisms of different genes causing these different

consequences have not been well understood. MHC class

II molecules encoded by different HLA class II genes may

have different affinity to antigens and presenting ability,

which can influence the host immune surveillance and

tumor elimination. However, the mechanisms still need

to be further analyzed and validated.

MHC class II expression and NSCLC
Research on MHC class II expression have been done

among different cancers and its expression on tumor-infil-

trating immune cells has been investigated. In pediatric

adrenocortical tumors, HLA-DPA1 mainly expressed on

tumor-infiltrating macrophages and DCs which was related

to a better prognosis.43

MHC class II also expressed on tumor cells. Loss of

MHC class II expression on lymphoma cells was asso-

ciated with poor prognosis in diffuse large B-cell

lymphoma.20 Expression of HLA-DR on colorectal cancer

cells was found to be associated with the presence of

tumor infiltrating lymphocytes (TILs) and peritumoral

lymphocytes and it might link to a better prognosis in

stage C colorectal cancer.16 Sconocchia et al reported

that MHC class II expression on colorectal cancer cells

was a favorable prognostic factor, but there were still some

discrepancies.21 MHC class II expression on cervical ade-

nocarcinoma cells was associated with a lower recurrence

and a better disease-specific survival in cervical adenocar-

cinoma patients.44 Papillary thyroid carcinoma patients

with HLA-DR, HLA-DQ expression on cancer cells had

a lower rate of lymph nodule metastasis and required a

lower dosage of 131I for treatment than HLA-DQ negative

patients.17 Lazzaro et al found expression of HLA-DR on

cancer cells was higher in breast medullary carcinoma

compared to breast ductal carcinoma and medullary carci-

noma had a relatively better prognosis.18 Expression level

of HLA-DQ on melanoma cells was lower than HLA-DR

in primary and metastatic melanoma.15

Expression of MHC class II also has been studied in

NSCLC. In many NSCLC cell lines, expression of MHC

class II had been detected. Using immunofluorescent

HLA-DR, -DQ, -DP expression had been detected in

A549, SKMES1, CALU6, A427 cell lines.45 MHC class

II could be induced by IFN-γ in TKB-3 and TKB-4 cell

lines and the induced MHC class II expressed on cell

surface instead of cytoplasm.46 MHC class II expression

in adenocarcinoma, squamous cell carcinoma and large

cell carcinoma was detected in surgery samples by immu-

nohistochemistry (IHC). It demonstrated that MHC class II

expressed on both TILs and lung cancer cells.46 Another

study showed high expression of MHC class II on tumor

cells was associated with high MHC class II expression on

TILs, and expression of MHC class II on adenocarcinoma

cells was higher than non-adenocarcinoma cells.14 As for

prognosis, MHC class II expression on TILs was asso-

ciated with a better recurrence-free survival (RFS) and

overall survival (OS).14 Ohri et al analyzed 40 NSCLC

patients’ specimens by IHC and found non-macrophage

expression of HLA-DR in tumor islets was significantly

elevated in patients who had better prognoses.47

HLA-DPB1 expression detected in biopsy tissue also had

positive correlation with good prognosis in lung cancer

patients.48

According to the studies above, it can be concluded that

MHC class II can express on both tumor infiltrating

immune cells and tumor cells in NSCLC and other cancers.

It had shown that MHC class II expressing on tumor infil-

trating immune cells was related to better prognosis.14,43

The reason for this could be considered as better immune

surveillance in tumor microenvironment, but this should be

further investigated. In most cases, MHC class II expression

on tumor cells was correlated to better prognosis. As

researchers found more TILs in MHC class II positive

cancer, the reason of better prognosis might be that MHC

class II could present tumor antigens and recruit lympho-

cytes to tumor microenvironment to restrict cancer progres-

sion. Meanwhile it had also been detected that MHC class II

expressed on tumor cells could promote the production of

proinflammatory cytokines.21 It could cause a proinflamma-

tory microenvironment for better antitumor reaction and

would be another reason to explain the better prognosis.

However, accurate mechanisms still need further study.
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MHC class II expression in peripheral blood was also

analyzed in lung cancer patients.34,49–52 HLA-DR9 was

found to have higher frequency in peripheral blood of

lung cancer patients, while HLA-DR6 was found to have

lower frequency in lung cancer patients than healthy con-

trols by serological MHC typing.34 Another study showed

lung cancer patients with an increased HLA-DR (+) cells

in peripheral blood had a poor prognosis. Further analysis

showed the poor prognosis was correlated with squamous

cell carcinoma but not adenocarcinoma.49 Nakamura et al

found blood HLA-DR (%) was higher in nodule metastatic

patients.50 HLA-DR7 on peripheral blood lymphocyte

might decrease the risk of lung cancer in Caucasians.51

Early diagnosis for lung cancer is a vital problem that has

not been fully studied. Kanangat et al reported that the

serum level of HLA-DQA1, HLA-DQ (26kDa band),

HLA-DRB and HLA-DMB was different between early

stage adenocarcinoma patients and benign nodule patients.

Level of HLA-DQA1 28kDa band was significantly

increased and HLA-DQA1 33-35kDa band was decreased

in adenocarcinoma. These conclusions suggested that

these molecules might be used for adenocarcinoma early

diagnosis.52 However,the sample size of former research

was not large and other pathological types of NSCLC

should be included.

MHC class II expression can be changed by some

molecules.53–55 CIITA is an important regulating factor for

promoting MHC class II expression.56 It was a non-DNA-

binding coactivator which participated in coordinating the

recruitment of the factors which were related to chromatin

remodeling, transcription initiation and transcription

elongation.56 A study had shown that expression of MHC

class II on B cells and DCs were apparently decreased in

CIITA deficient mice.57 It has been demonstrated that MHC

class II expression induced by IFN-γ was mediated by

CIITA.58 TGF-β suppressed MHC class II induced by

IFN-γ also through restricting CIITAmRNA accumulation.59

In another study, when researchers used IFN-γ to stimulate

lung adenocarcinoma cell line and bronchial epithelial cell

line, it showed different abundance of a CIITA splice variant

in two cell lines and different level of MHC class II on cell

membrane. Further analysis found this variant could change

the expression of genes encoding chaperons which regulated

MHC class II assembly and transportation to reduce the

surface expression of MHC class II.53 Retinoblastoma pro-

tein (Rb) was also involved inMHC class II expression. IFN-

γ-induced MHC class II expression was absent or highly

repressed in Rb-defective NSCLC cells. Histone deacetylase

(HDAC) inhibitor MS-275 can rescue the expression of

MHC class II in Rb-defective NSCLC cells.54 In cell line,

EGFR-TKI and ligand blocking antibodies could upregulate

the level of CIITA and the cells with pretreatment of EGFR

blocking antibodies showed an augmentation of

IFN-γ-induced MHC class II expression,55 which suggested

thatEGFR inhibitor might not only suppress proliferation but

also facilitate host immune reaction against tumor.

MHC class II may be considered as a biomarker to

predict patients’ response to some treatments. Some

researchers had shown PGI2 had antitumor effect.60,61 In

two overexpressed prostacyclin synthase (PGIS) mouse

lung cancer models, researchers found that only in the

model with a high expression of MHC class II, PGI2
could cause CD4+ T cells infiltration elevating and show

antitumor effect. Thus MHC class II should be considered

as a potential biomarker for PGI2 therapy response.62

NSCLC patients with higher frequency of HLA-

DRB1*13, HLA-DQ5, HLA-DQ7 would have a better

response to gemcitabine and cisplatin combination che-

motherapy regimen.38

MHC class II and NSCLC
immunotherapy
MHC class II and anti-PD-1/PD-L1

therapy
At present, anti-PD-1/PD-L1 monoclonal antibodies have

shown promising effects for NSCLC.10 For instance, nivolu-

mab has shown clinical meaningful effect and an acceptable

safety profile for NSCLC.11,12 Although it was reported

tumor expression of PD-L1 could be a biomarker for

anti-PD-1 response, more than half the patients with PD-L1

high expression had a poor response to nivolumab.63,64

Therefore, it is important to find more biomarkers on patient

selection. A study in melanoma reported that HLA-DR

expression on melanoma cells correlated with response to

anti-PD-1 therapy, which suggested HLA-DR might be a

marker for anti-PD-1 therapy.19 Since MHC class II also

expressed in NSCLC cells,14,46 it was worth studying the

expression of MHC class II in NSCLC to find whether it

could be used as a biomarker independently or be accompa-

nied with other markers to screen lung cancer patients before

immunotherapy.

MHC class II vaccine
MHC class II vaccine consists of tumor cells which are

genetically modified to express MHC class II and
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costimulatory molecules.3 It could activate tumor-reactive

CD4+ T cells. Subsequently, effective and memory CD8+

T cells would be generated.65 Ia associated invariant chain

(Ii) could prevent endogenous antigens from loading on

MHC class II in antigen presenting process. Thompson et

al found that Ii (–) MHC class II vaccine could activate

type 1 CD4+ T cells more effectively than Ii (+) APCs.65

Myeloid-derived suppressor cells (MDSCs) can inhibit

host adaptive immune reaction.66 But in vitro study of

NSCLC, MHC class II vaccine could activate tumor-spe-

cific, IFN-γ secreting CD4+ T cells even with the presence

of MDSCs.3 Subsequently vitro studies showed that this

kind of vaccine had cross-reaction among different major

histopathological types of NSCLC and activated T cells

were MHC class II restricted and tumor specific.3,67

Summary and prospective
As an important molecule in antigen presentation, MHC

class II has been studied in NSCLC.14,46–48 As we know,

MHC class II gene is highly polymorphic. Different alleles

and SNPs have been found between NSCLC patients and

healthy controls. However, the reasons for this have not been

fully understood.What is more,MHC class II expressionwas

detected in both NSCLC tumor tissue and peripheral blood.

As for NSCLC treatment, diverse monoclonal antibodies

have been applied to NSCLC in clinical trials and MHC

class II deserves to be validated whether it can be a biomarker

for NSCLC immunotherapy. NSCLC MHC class II vaccine

has shown its antitumor effect in vitro studies. It may provide

a new therapeutic for advanced stage patients after verifying

its antitumor effect and safety in cancer models and clinical

trials. Although there have been more and more studies on

MHC class II, theMHC class II in NSCLC has not been fully

understood and needs further study.
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