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ABSTRACT
Introduction: Lung cancer is the most commonly diagnosed cancer with 2.2 million cases in 2020 and 

causes 1.8 million deaths. Early lung cancer often has no symptoms and can only be detected by medical 

imaging. When symptoms do appear, they are often respiratory problems —coughing, breathlessness 

or chest pain — and systemic problems — loss of appetite, weight loss, general weakness, fever and 

night sweats. There are two main types of lung cancer: small cell lung cancer (SCLC; 15% of cases) and 

non-small cell lung cancer (NSCLC; 85% of cases).

Material and methods: This study included evaluation of CMKLR1, PD-1, B7H3, B7H4 and HHLA2 expression, 

along with CD8 + T-cell population, TILs and budding in H + E stained slides using IHC. Although there was no 

clear association between the analysed expressions and the T parameter, this study, which included 22 archived 

lung adenocarcinoma cases from patients undergoing radical lobectomy, revealed significant negative correla-

tions between HHLA2 expression and tumour grade, as well as between CMKLR1 expression and tumour grade.

Results: Furthermore, CMKLR1 expression among lymphocytes showed a positive correlation with TILs.
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Introduction

Lung carcinoma is one of the malignancies with the 
highest incidence rate, furthermore, it is the leading 
cause of cancer mortality worldwide for both sexes 
[1]. Continuous exposure to tobacco smoke is mostly 
blamed for lung cancer. However, the proportion of 
smoking patients to non-smokers is changing. Lung 
adenocarcinoma has a strong association with previ-
ous smoking, but the group of patients who were not 
exposed to tobacco smoke is increasing [2]. Studies 
report genetic factors as the main risk factor for 
non-smokers with a family history of cancer. Other risk 
factors mentioned in the studies are environmental air 
pollution, passive smoking and asthma, pneumonia, 
chronic bronchitis, and viral infection as a group of 
respiratory diseases.

The immune system plays a crucial role in cancer 
pathogenesis and treatment. Lung carcinoma develop-
ment is related to chronic inflammation. Immune cells 
can produce several cytokines that may contribute to 
both tumour development and suppression. Other im-
portant factors in tumour pathogenesis are adipokines, 
initially described to be expressed in adipose tissue. 
Further research showed that adipokines may be pro-
duced in many other tissues as well as in malignant 
tumour cells [3, 4].

The topic of this study is the expression and distri-
bution of chemerin and its receptor, CMKLR1. Both are 
involved in the pathogenesis of many malignancies, 
especially known for their role as pro-angiogenic fac-
tors. Additionally, CMKLR-chemerin signalization may 
contribute to the epithelial-mesenchymal transition of 
tumour cells that may contribute to tumour spread [5–7].
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Table 1. General characteristics of study group

Sociodemographic data

Age [mean (SD)] 63.68 (6.64)

Males (%) 14 (63.6)

Females (%) 8 (36.4)

Tumour characteristics

T parameter

1a 1 (4.5)

1b 4 (18.2)

1c 4 (18.2)

2a 6 (27.3)

2b 1 (4.5)

3 4 (18.2)

4 2 (9.1)

N parameter

0 19 (86.4)

1 2 (9.1)

2 1 (4.5)

Lymphatic vessel invasion (%) 6 (27.3)

Vascular invasion (%) 5 (22.7)

Perineural invasion (%) 2 (9.1)

Pleural invasion

Pl0 17 (77.3)

Pl1 4 (18.2)

Pl2 1 (4.5)

Spread through air spaces (STAS) 10 (45.5)

Grade

G1 0 (0)

G2 12 (54.5)

G3 10 (45.5)

Max tumour size (mean (SD)) 37.95 (21.19)

Homeostasis of the immune system depends 
on a balance between excitatory and inhibitory sig-
nals. This study focused on selected proteins that 
appear to influence the course of disease in diagnosed 
patients. Programmed death ligand (PD-L1) is a mol-
ecule responsible for the impaired immune system 
targeting programmed death receptor 1 (PD-1) [8].

Also included in the study is the B7 family of pro-
teins (B7H3, B7H4 and HHLA2) which are essential for 
regulating T lymphocyte responses. Members of the 
B7 family function as immune regulatory ligands that in-
teract with the CD28 family of receptors. B7H3 (CD276) 
is a newly discovered type 1 trans-membrane gly-
coprotein used in cancer immunotherapy as an im-
mune checkpoint.

The B7 homolog 4 (B7-H4) encoded by the 
VTCN1 gene is the seventh member of the B7 family 
of cell signalling ligands and is highly expressed in 
tumours [9]. Additionally, B7H4 was found to regulate 
the innate and adaptive immune system, suggesting its 
immunosuppressive capacity.

Human endogenous retrovirus-H long terminal re-
peat-associating protein 2 (HHLA2) is another member 
of the B7 family, whose expression is upregulated in 
multiple tumours. However, its role in NSCLC has not 
been fully understood. 

For leukocyte populations expressing the G pro-
tein-coupled receptor CMKLR1 (ChemR23), chemerin 
appears to act as a chemotactic factor [6]. The orphan 
GPCR receptor ChemR23 shares homology with 
neuropeptide and chemoattractant receptors and is 
expressed in monocyte-derived dendritic cells, macro-
phages, antigen-presenting cells and, at a lower level of 
expression, CD4+ T lymphocytes [10]. As a result, or-
phan G protein-coupled receptors (GPCRs) have been 
successfully used in reverse pharmacology screening 
to identify potential new drug targets.

Hence, this study aimed to assess the immuno-
histochemical expression of CMKLR1, chemerin, 
HHLA2 B7H3 and B7H4 in association with the ad-
enocarcinoma subtype and other factors including, 
tumour-infiltrating lymphocytes (TILs) and clinicopath-
ological parameters such as tumour stage based on 
World Health Organization (WHO) classification, tumour 
grading and histological pattern analysis.

Material and methods

The study involved 22 archival cases of lung ad-
enocarcinoma from patients who underwent radical 
lobectomy between May 2018 and December 2021. 

The inclusion criteria were: histopathologically con-
firmed primary lung adenocarcinoma. 

The exclusion criteria were: histopathologically 
confirmed adenosquamous carcinoma, secondary lung 
neoplasm, a specific type of adenocarcinoma (colloid/ 
foetal/ enteric-type), occurrence of more than one his-
tologically different tumour in post-operative material 
and occurrence of distant metastases.

Clinico-pathological characteristics of the study 
group are presented in Table 1.

Table 2 presents the percentage distribution of 
tissue within the tumour.
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Immunostaining

Histopathologic examination

For PD-L1, CMKLR1, chemerin, HHLA2 B7H3 and 
B7H4 staining specimens were assessed by two inde-
pendent pathologists. In each case, the percentage 
of stained cells was assessed as well as staining 
intensity, defined as low (+), medium (++) and high 
(+++). In the next step, the Expression level was 
calculated as the percentage of stained cells multi-
plicated by staining intensity and divided by 300 to 
obtain results in the 0–1 Range, where 0 means no 
expression, while 1 refers to strong expression in every 
cell. These scores were calculated independently for 
tumour cells, tumour infiltrating lymphocytes (TILs) 
and lung tissue.

The percentage of tumour-associated lymphat-
ic infiltration was estimated semi-quantitatively on 
a five-tier scale on the same H&E-stained slides by 
the two pathologists, according to the criteria defined 
by Salgado et al. in breast cancer. These include 
intratumoral lymphocytes with cell-to-cell contact 
between lymphocyte and tumour cells and stromal 
TILs in tumour tissue located dispersed in the stro-
ma within the tumour cells without direct contact, 
including TILs at the invasive margin. According to 
the recommendations, stromal TILs were scored as 
a percentage of the stromal area alone, excluding 
areas occupied by carcinoma cells. Lymphocytic 
infiltrates outside the tumour borders were not in-
cluded in the evaluation. Lymphocyte infiltration 
area lower than 5% was considered TILs 1, whereas 
5–25%, 25–50%, and 50–75% of lymphocytes in the 
stroma were defined as TILs 2, TILs 3 and TILs 4,  
respectively. More than 75% was defined as TILs 5.

CD3 and CD20 assessment

CD3 and CD20 were assessed as a percentage of 
total tumour lymphocytic infiltration.

Table 2. Percentage distribution of tissue within the 
tumour

Histologic pattern Mean (SD)

Lepidic 25 (37.5)

Acinar 60 (46.2)

Papillary 7.5 (2.5)

Solid 75 (32.5)

Results

Expression of examined molecules among spec-
imens is presented in Table 3. Table 4 presents the 
percentage of positively stained specimens in the study 
group. All examined tumours were chemerin-positive. 
Chemerin receptor (CMKLR1) was positively expressed 
among 77.3% of tumour specimens while lung tissue 
expression occurred only in 54.5% of patients.

Association between molecule expression and 
clinicopathological parameters.

No significant correlation between examined ex-
pressions and the T parameter was found. However, 
a significant negative correlation was found between 
HHLA2 expression and tumour grade (Tau = –0.47, 
p = 0.012) as well as between CMKLR1 expression and 
tumour grade (Tau = –0.42, p = 0.02). CMKLR1 expres-
sion among lymphocytes was positively correlated with 
TILs (Tau = 0.34, p = 0.04).

HHLA 2 expression was additionally positively 
correlated with the per cent of the lepidic pattern 
(Tau = 0.51, p < 0.01) and negatively correlated 
with solid pattern (Tau = –0.49, p < 0.01) per cent 
while chemerin expression was positively correlated 
with the per cent of the lepidic pattern (Tau = 0.35, 
p = 0.049) and negatively with per cent of solid pattern 
(Tau = –0.37, p = 0.036).

No significant association between molecule ex-
pression and lymph node involvement, nor vascular 
invasion were found.

Discussion

CMKLR1 receptor was positively expressed among 
77.3% of examined tumours (95% CI: 59.76–81.14%). 
To the best of the authors’ knowledge, the presented 
article is the first one which assesses CMKLR expression 
in lung adenocarcinoma using immunohistochemical 
staining. Chemerin/CMKLR1 is known to play an im-
portant role in the angiogenesis process as well as in 
promoting the invasion of gastric cancer cells in vitro [6, 
7, 11]. This study found a significant negative correlation 
between CMKLR1 expression and tumour grade. 

Additionally, a positive correlation was found between 
CMKLR expression among lymphocytes and tumour lym-
phocytic infiltration intensity. The Chemerin/CMKLR1 axis 
is known to play a role in the suppression of tumour 
growth via the recruitment of immune system cells into 
the tumour microenvironment. This phenomenon was 
observed in melanoma in vivo experiments on animals 
specifically mediated by NK cells [12]. 
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Table 3. Expression of examined molecules among specimens

Variable N (%) Lower CI Upper CI

Tumour

PDL1 19 (86.4%) 72.02% 89.53%

CMKLR1 17 (77.3%) 59.76% 81.14%

Chemerin 22 (100.0%) 100.00% 100.00%

B7H4 10 (45.5%) 24.65% 50.06%

B7H3 17 (77.3%) 59.76% 81.14%

HHLA2 20 (90.9%) 78.90% 93.57%

Lymphocytes

PDL1 21 (95.5%) 86.75% 97.38%

CMKLR1 20 (90.9%) 78.90% 93.57%

Chemerin 16 (72.7%) 54.12% 76.84%

HHLA2 21 (95.5%) 86.75% 97.38%

Lung tissue

Chemerin 22 (100.0%) 100.00% 100.00%

CMKLR1 12 (54.5%) 33.74% 59.15%

Table 4. Quantitative expression of examined molecules

Tumour Median [IQR]

Index PDL1 tumour (median [IQR]) 0.05 [0.03, 0.50]

Index CMKLR1 tumour (median [IQR]) 0,63 [0.06, 0.77]

Index CHM tumour (median [IQR]) 0.53 [0.33, 0.67]

Index HHLA2 tumour (median [IQR]) 0.47 [0.28, 0.67]

Index B7H4 tumour (median [IQR]) 0.00 [0.00, 0.09]

Index B7H3 tumour (median [IQR]) 0.10 [0.02, 0.27]

Lymphocytes  

Index CMKLR1 lymph (median [IQR]) 0.35 [0.11, 0.67]

Index PDL1 lymph (median [IQR]) 0.06 [0.03, 0.10]

Index CHM lymph (median [IQR]) 0.04 [0.00, 0.18]

Index HHLA2 lymph (median [IQR]) 0.17 [0.07, 0.40]

Lung tissue  

Index CMKLR1 lung (median [IQR]) 0.10 [0.00, 0.28]

Index CHM lung (median [IQR]) 0.33 [0.31, 0.67]

Studies on adrenocortical cancer showed that 
chemerin plays a role in tumour suppression and its high 
serum concentration is associated with better overall 
survival. Authors propose that chemerin expression may 

undergo downregulation caused by tumours to escape 
immune defences, while host systems are trying to up-
regulate chemerin to stimulate tumour response. This 
study found no correlation between chemerin expres-
sion and tumour size or T parameter. As aforementioned, 
a significant negative correlation between tumour grade 
and CMKLR1 expression was found, thus it may be 
concluded that high-grade tumours may have a weaker 
response to chemerin stimulation via the CMKLR1 re-
ceptor. Despite the lack of CMKLR1 expression in some 
tumours, chemerin was found to be expressed in every 
case in both lung tissue and malignant cells. There is 
evidence for both, stimulating and suppressor roles of 
chemerin in cancer pathogenesis. Additionally, chemer-
in is also well known as a regulator of immune response 
by stimulating macrophages and dendritic cells as well 
as by influencing lymphocyte migration [13].

Another important factor in the tumour-associated 
immune response is members of the B7 family that are 
involved in the regulation of T-cell-associated cytotox-
icity, which is crucial in anti-tumoral response [14]. The 
B7 family contains such molecules as PD-L1 whose ex-
pression is already commonly used in histopathological 
assessment of lung carcinoma but also such molecules 
as B7-H3(CD276), B7-H4(vtcn1) and B7-H7(HHLA2). 
These molecules are responsible for T-supporting 
T-cell activity as well as its downregulation. B7H3 is 
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found to be expressed in such malignancies as breast 
cancer, colorectal cancer and lung cancer. B7H3 ex-
pression was found in 64.9% of cases by Hausdorf et 
al. using the immunofluorescence method [15]. These 
findings are close to the present results (77%, 95% CI: 
59.76–81.14%), however, the same authors found B7-
H4 expression in 2.6% of cases, while in the present 
study B7H4 positive tumoral expression was found in 
45.5% of examined specimens, however, it was low in 
most cases (h-score median 0.00; IQR 0.00:0.09) XXX 
et al. reported positive expression of B7H4 in immuno-
histochemical staining among 50.5% of EGFR mutated 
lung carcinomas and 39.2% of wildtype lung adeno-
carcinoma. These results are similar to the present 
findings. Inamura et al. reported that B7-H3 expression 
is associated with tumour stage and grading [16]. In 
the following study, no correlation was found between 
B7-H3 expression and grade nor tumour stage in the 
case of B7-H3 and B7-H4 respectively. No associa-
tions between B7H4 nor B7H3 and clinicopathological 
parameters as well as with lymphatic infiltration were 
found. HHLA2 expression was found among 90.9% of 
specimens. Chen et al. reported positive HHLA2 ex-
pression in 100% of both, EGFR-mutated and wild-type 
lung carcinomas [17]. Upregulation of HHLA2 in lung 
carcinoma was also reported by Sun et al. [18]. Authors 
suggested that knockout of HHLA2 may inhibit lung car-
cinoma cell migration and invasion as well as suppress 
tumorigenesis in vivo. This study found a negative cor-
relation between HHLA2 expression and tumour grade.

Article information

Data availability statement: The data presented in 
this study are available in this article.
Ethics statement: The study was approved by the 
Bioethics Committee of the Medical University of 
Silesia in Katowice.
Author contributions: Conceived and designed 
the analysis: Paweł Kiczmer, Miriam Terenowicz; 
Collected the data: Miriam Terenowicz, Małgorzata 
Katra; Contributed the data: Sylwia Mielcarska, 
Mateusz Rydel, Damian Czyżewski; Performed the 
analysis: Paweł Kiczmer, Bogna Drozdowska; Wrote 
the paper: Paweł Ziora, Miriam Terenowicz, Paweł 
Kiczmer, Małgorzata Katra; Other contribution: Paweł 
Kiczmer, Miriam Terenowicz, Małgorzata Katra, 
Sylwia Mielcarska, Paweł Ziora, Mateusz Rydel, 
Damian Czyżewski, Bogna Drozdzowska.
Funding: None.
Acknowledgements: This work was supported by 
the Medical University of Silesia, Katowice, Poland.

Conflict of interest: The authors declare no conflict 
of interest.
Supplementary material: None.

References

1. Pascoe HM, Knipe HC, Pascoe D, et al. The many faces of lung 
adenocarcinoma: a pictorial essay. J Med Imaging Radiat Oncol. 
2018; 62(5): 654–661, doi:  10.1111/1754-9485.12779, indexed in 
Pubmed: 30079974.

2. Schiller JH, Gazdar AF. Lung cancer in never smokers--a different 
disease. Nat Rev Cancer. 2007; 7(10): 778–790, doi: 10.1038/nrc2190, 
indexed in Pubmed: 17882278.

3. Ahima RS, Flier JS. Adipose tissue as an endocrine organ. Trends 
Endocrinol Metab. 2000; 11(8): 327–332, doi:  10.1016/s1043-
2760(00)00301-5, indexed in Pubmed: 10996528.

4. Umar MI, Hassan W, Murtaza G, et al. The adipokine compo-
nent in the molecular regulation of cancer cell survival, prolife-
ration and metastasis. Pathol Oncol Res. 2021; 27: 1609828, 
doi: 10.3389/pore.2021.1609828, indexed in Pubmed: 34588926.

5. Yoshimura T, Oppenheim JJ. Chemokine-like receptor 1 (CMKLR1) and 
chemokine (C-C motif) receptor-like 2 (CCRL2); two multifunctional 
receptors with unusual properties. Exp Cell Res. 2011; 317(5): 674–684, 
doi: 10.1016/j.yexcr.2010.10.023, indexed in Pubmed: 21056554.

6. Nakamura N, Naruse K, Kobayashi Y, et al. Chemerin promo-
tes angiogenesis in  vivo. Physiol Rep. 2018; 6(24): e13962, 
doi: 10.14814/phy2.13962, indexed in Pubmed: 30588761.

7. Kiczmer P, Mielcarska S, Chrabańska M, et al. The concentration of 
CMKLR1 expression on clinicopathological parameters of colorec-
tal cancer: A preliminary study. Medicina (Kaunas). 2021; 57(12), 
doi: 10.3390/medicina57121299, indexed in Pubmed: 34946244.

8. Kula A, Dawidowicz M, Kiczmer P, et al. The role of genetic poly-
morphism within PD-L1 gene in cancer. Review. Exp Mol Pathol. 
2020; 116: 104494, doi:  10.1016/j.yexmp.2020.104494, indexed in 
Pubmed: 32679050.

9. Li M, Che N, Feng Y, et al. B7-H4 expression promotes non-small cell 
lung cancer progression via AMPK/mTOR signaling. Exp Mol Pathol. 
2022; 125: 104755, doi:  10.1016/j.yexmp.2022.104755, indexed in 
Pubmed: 35278461.

10. Meder W, Wendland M, Busmann A, et al. Characterization of hu-
man circulating TIG2 as a ligand for the orphan receptor ChemR23. 
FEBS Lett. 2003; 555(3): 495–499, doi: 10.1016/s0014-5793(03)01312-
7, indexed in Pubmed: 14675762.

11. Kumar JD, Aolymat I, Tiszlavicz L, et al. Chemerin acts via CMKLR1 
and GPR1 to stimulate migration and invasion of gastric cancer 
cells: putative role of decreased TIMP-1 and TIMP-2. Oncotarget. 
2019; 10(2): 98–112, doi:  10.18632/oncotarget.26414, indexed in 
Pubmed: 30719206.

12. Pachynski RK, Zabel BA, Kohrt HE, et al. The chemoattractant chemerin 
suppresses melanoma by recruiting natural killer cell antitumor defen-
ses. J Exp Med. 2012; 209(8): 1427–1435, doi: 10.1084/jem.20112124, 
indexed in Pubmed: 22753924.

13. Su X, Cheng Ye, Zhang G, et al. Chemerin in inflammatory diseases. Clin 
Chim Acta. 2021; 517: 41–47, doi: 10.1016/j.cca.2021.02.010, indexed 
in Pubmed: 33631197.

14. Bolandi N, Derakhshani A, Hemmat N, et al. The positive and 
negative immunoregulatory role of B7 family: promising novel 
targets in gastric cancer treatment. Int J Mol Sci. 2021; 22(19), 
doi: 10.3390/ijms221910719, indexed in Pubmed: 34639059.

15. Altan M, Toki MI, Gettinger SN, et al. Differential expression and signifi-
cance of PD-L1, IDO-1, and B7-H4 in human lung cancer. Clin Cancer 
Res. 2017; 23(2): 370–378, doi:  10.1158/1078-0432.CCR-16-0150, 
indexed in Pubmed: 27440266.

16. Inamura K, Yokouchi Y, Kobayashi M, et al. WITHDRAWN: Tumor B7-H3 
(CD276) expression and smoking history in relation to lung adenocar-
cinoma prognosis. Lung Cancer. 2016; 243: 21–28, doi: 10.1016/j.
lungcan.2016.09.016, indexed in Pubmed: 27721121.

17. Chen Y, Hu R, Li X, et al. B7-H4 and HHLA2, members of B7 family, are 
aberrantly expressed in EGFR mutated lung adenocarcinoma. Pathol 
Res Pract. 2020; 216(10): 153134, doi: 10.1016/j.prp.2020.153134, 
indexed in Pubmed: 32853956.

18. Sun W, Li S, Tang G, et al. HHLA2 deficiency inhibits non-small cell lung 
cancer progression and THP-1 macrophage M2 polarization. Cancer 
Med. 2021; 10(15): 5256–5269, doi: 10.1002/cam4.4081, indexed in 
Pubmed: 34152094.

http://dx.doi.org/10.1111/1754-9485.12779
https://www.ncbi.nlm.nih.gov/pubmed/30079974
http://dx.doi.org/10.1038/nrc2190
https://www.ncbi.nlm.nih.gov/pubmed/17882278
http://dx.doi.org/10.1016/s1043-2760(00)00301-5
http://dx.doi.org/10.1016/s1043-2760(00)00301-5
https://www.ncbi.nlm.nih.gov/pubmed/10996528
http://dx.doi.org/10.3389/pore.2021.1609828
https://www.ncbi.nlm.nih.gov/pubmed/34588926
http://dx.doi.org/10.1016/j.yexcr.2010.10.023
https://www.ncbi.nlm.nih.gov/pubmed/21056554
http://dx.doi.org/10.14814/phy2.13962
https://www.ncbi.nlm.nih.gov/pubmed/30588761
http://dx.doi.org/10.3390/medicina57121299
https://www.ncbi.nlm.nih.gov/pubmed/34946244
http://dx.doi.org/10.1016/j.yexmp.2020.104494
https://www.ncbi.nlm.nih.gov/pubmed/32679050
http://dx.doi.org/10.1016/j.yexmp.2022.104755
https://www.ncbi.nlm.nih.gov/pubmed/35278461
http://dx.doi.org/10.1016/s0014-5793(03)01312-7
http://dx.doi.org/10.1016/s0014-5793(03)01312-7
https://www.ncbi.nlm.nih.gov/pubmed/14675762
http://dx.doi.org/10.18632/oncotarget.26414
https://www.ncbi.nlm.nih.gov/pubmed/30719206
http://dx.doi.org/10.1084/jem.20112124
https://www.ncbi.nlm.nih.gov/pubmed/22753924
http://dx.doi.org/10.1016/j.cca.2021.02.010
https://www.ncbi.nlm.nih.gov/pubmed/33631197
http://dx.doi.org/10.3390/ijms221910719
https://www.ncbi.nlm.nih.gov/pubmed/34639059
http://dx.doi.org/10.1158/1078-0432.CCR-16-0150
https://www.ncbi.nlm.nih.gov/pubmed/27440266
http://dx.doi.org/10.1016/j.lungcan.2016.09.016
http://dx.doi.org/10.1016/j.lungcan.2016.09.016
https://www.ncbi.nlm.nih.gov/pubmed/27721121
http://dx.doi.org/10.1016/j.prp.2020.153134
https://www.ncbi.nlm.nih.gov/pubmed/32853956
http://dx.doi.org/10.1002/cam4.4081
https://www.ncbi.nlm.nih.gov/pubmed/34152094

