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Abstract

Objectives: Circulating antinuclear autoantibodies (ANAs) have been detected in lung cancer patients and chronic obstructive pulmonary 
disease (COPD) patients as well. The specific differences and significance of ANAs in COPD patients and lung cancer patients remain unclear.

Methods: We investigated the expression of circulating ANAs and their various known antibody subtypes in lung cancer patients, COPD patients 
and healthy controls, and compared the differences between each group, also the differences between patients over 70 and under 70 of age in each 
group and the differences between different genders. ANAs were tested by indirect immunofluorescence (IFT) and western blot analysis, and case-
control study was used to investigate the differences between groups of 90 cases of lung cancer; 68 cases of COPD and 30 cases controls who were 
gender and age-matched.

Results: The results of the research showed that the positive rate of ANAs in lung cancer patients was significantly increased compared with 
COPD patients(p=0.004) and healthy controls(P=0.00). Statistical analysis did not reveal any correlations between the patients’ age and the ANA 
positive results either in lung cancer group or in COPD group. The differences between different genders were not statistically significant; too. The 
most common autoantibody subtype was anti-Ro-52.

Conclusions: The positive rate of circulating ANAs was significantly higher in lung cancer patients than in COPD patients.

Keywords: Chronic Obstructive Pulmonary Disease; Lung Cancer; Antinuclear Autoantibodies; Indirect Immunofluorescence; Western Blot 
Analysis; Case-Control Study

Introduction
Antinuclear antibodies (ANAs) are commonly used as an initial 

test to screen for systemic autoimmune diseases, and the activity of 
autoantibody had been verified in the sera of cancer patients [1,2]. 
Emerging evidence suggests that ANAs are connected with COPD 
and low BMI, but not with smoking and forced expiratory volume 
in 1s [3]. Autoimmune are not rare among patients with cancer [1], 
previous study has shown that autoimmunity plays an important 
role in the pathogenesis of COPD [4]. Many epidemiological studies 
have agreed that the presence of COPD is associated with the 
development of lung cancer, but little is known about its mechanism  

 
[5]. How to recognize the significance of ANAs elevation in clinical  
work is an important part of disease diagnosis and differential 
diagnosis.

We conducted a case-control study to further clarify the 
characteristics of ANAs between cancer and COPD patients. 
According to previous reports, age and gender differences can result 
in different manifestations of ANAs test results. Therefore, our 
study designed an inter-group balance between genders and ages, 
and made a comparison between groups after age re-stratification, 
and discuss the possibility of ANAs to be clinical cancer markers as 
well.
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Methods
This case-control study was performed from May 2010 to 

August 2014 in the Respiratory Medical Department, Qingdao, 
China. During the study period, lung cancer patients diagnosed 
by pathology from the respiratory medical department and 
thoracic surgery department at Qingdao, China, were approached 
for enrollment in this research. Data were extracted from the 
records of all patients with mild to very severe COPD and normal 
control individuals were registered from the respiratory medical 
department from May 2011 to August 2013. 

a.  We obtained the final diagnosis of lung cancer by the 
following methods: Sputum shedding cell examination (2 
cases), fiberoptic bronchoscopy with bronchial biopsy (32 
cases), percutaneous lung biopsy (14 cases), percutaneous 
pleural biopsy (23 cases), examination for cancer cell in pleural 
effusion (12 cases), Lymph node biopsy(2 cases), thoracoscopic 
lung resection(1 cases)，pulmonary lobectomy(4 cases). 
Specimens were evaluated by three pathologists who had no 
knowledge of patients’ clinicopathologic factors and outcomes. 
The pathological TNM grading of lung cancer patients was 
conducted according to the 7th edition NSCLC lymph node 
metastasis (TNM) clinical staging criteria of the International 
Lung Cancer Research Association.

b.  The diagnosis of COPD was based on ATS/European 
Respiratory Society (ERS) recommendations, and the 
severity of COPD was classified according to ATS/European 
Respiratory Society (ERS) 2005 guidelines. Lung Function 
Forced spirometry (before and after bronchodilation) [6] 
measurements in accordance with international guidelines. 
The reference values were those of the Chinese population [7].

c.  The inclusion criteria of COPD were as follows: 

(i) Meeting the diagnostic criteria of COPD and no 
evidence of lung cancer

(ii) No changes in COPD medication dose and 
symptoms during the first 4 week and 

(iii) Age and gender distribution were matched with 
lung cancer patient

d.  The inclusion criteria of normal control group were as 
follows:

(i) None of the following tests are abnormal: all 
participants in our study underwent a comprehensive 
physical examination, and selected laboratory tests 
(urinalysis, total blood count, erythrocyte sedimentation 
rate (ESR), blood urea nitrogen (BUN), complement levels 
(C3, C4, C), creatine kinase muscle enzyme levels, liver 

enzymes, and serum creatinine), abdominal organs B-mode 
ultrasonography, EKG, lung computerized tomography (CT ), 
lung function test

(ii)  The patients have no clinical signs or previous 
medical history 

(iii) Age and gender distribution were matched with 
lung cancer patients

e.  The exclusion criteria were: each patient in every group 
was not allowed to have the following conditions

(i) Other malignant tumors

(ii) Evidence of rheumatic disease, mycobacterial 
infection, damage of liver or/and kidney function, serious 
cardiovascular or/ and cerebral vessels system diseases, 
cardiac arrhythmias disorders, hematological system 
diseases, environmental exposures, digestive apparatus 
diseases, diabetes mellitus; mental disease, and other 
serious infectious diseases

(iii) Pregnancy or lactation women.

Groups Assignment
A total of 90 cases of lung cancer, 68 cases of COPD and 30 cases 

of health control people were enrolled in this study. The subjects 
in each group were divided into two subgroups according to age: 
under 70 and over 70. Based on the age and gender distribution of 
patients in lung cancer group and the age subgroups, the age and 
gender distribution of COPD patients and normal control group 
were calculated, and patients and subjects were selected according 
to this requirement.

Measures and Clinical Data

All selected patients underwent demographic and clinical data 
collection, collecting venous blood before PSG after a minimum of 
8h of fasting. Information on thorough medical history, age, gender, 
medication history and prescription, comorbidities were recorded. 
Patients in the COPD group were examined for pulmonary function. 
All measurements were performed by an experienced technician 
who was not aware of the protocol on the morning of the visit. 

Immunofluorescence (IFT)

After fasting for at least 8 hours, venous blood was collected 
before PSG and injected into the coagulation tubes immediately, 
and centrifuged for 10 min, speed 3000 RPM at 20 degrees 
centigrade. According to the manufacturer’s recommendations for 
the detection of antinuclear reagents by IFT, commercially available 
kits (EUROIMMUN, Medizinische labordiagnostika AG, Lubeck, 
Germany) were used. In short, frozen sections of unfixed HEp-2 
cells were incubated with serum samples at room temperature for 
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30 minutes. After washing with phosphate buffered saline / tween 
(0.2% PBS tween), sections were exposed to FITC labeled Goat anti 
human IgG for 30 minutes. Immunofluorescence was observed by 
two independent researchers using Zeiss immunofluorescence 
microscope. ANA initial serum dilution was 1 / 10; all samples were 
diluted to the end of IFT residue. In the negative control group, the 
slides were incubated with single buffer solution and with FITC 
labeled antibody respectively. High titer serum or positive serum 
was used as positive control.

Immunoblot

Immunoblot was used for specific ANA reactivities---Anti-
extractable nuclear antibody (ENAs) following the manufacturer’s 
instructions (ANA-Proile3, EUROIMMUN, Germany). ENA results 
included the following antigens: dsDNA, ribosomal P-protein, 
histone, CENP-B, JO-1, SCL-70, Ro52, SSA, SSB, Sm, nRNP, PCNA, 
nucleosome, and M2, obtained by EUROlineScan software 
(EUROIMMUN, Germany). The illustrations of our tests are shown 
in Figure 1.

Figure 1: The Characters of age distribution of participating people in different groups

Pulmonary Function Tests

Including forced vital capacity (FVC, Forced expiratory volume 
in one second (FEV1), FEVl/FVC% flow-volume curve, bronchial 
dilation test were tested based on the American Thoracic Society 
guidelines, adopting an Germany Jaeger advanced modular 
spirometer.

Statistical Analysis

The matching distributions of age and sex between the 
groups were estimated by calculation. All statistical analyses 
were performed using SPSS software package (version 17.0; SPSS, 
Chicago, Illinois, USA). Continuous variables between groups were 
compared using independent sample T test. Pearson chi-square 
analysis and Fisher exact test were used to compare the discrete 
variables between the two groups. When P < 0.05, the difference 
was considered statistically significant.

Results
Subjects characteristics

A total of 90 bronchogenic carcinoma patients were included 
in this research. The average age was 64.99±1.18 years, 66 male 
patients accounted for 73.33% of the study population, and 65, 
72.22%, people under the age of 70. The number of patients with 
Pathologic TNM stage I, II, IIIA, IIIB and IV lung cancer were 14 
(15.56%), 8 (8.89%), 10 (11.11%), 10 (11.11%) and 48 (53.33%), 
respectively. TNM pathological types of lung cancer patients are 
listed in Table 1.

Table 1: The age and sex distribution characteristics in different group.

Variables Lung cancer 
group COPD group Normal 

group

No. of cases 90 68 30

Gender*       

Male 66 50 22

Female 24 18 8

Age* 

<70 years 65 50 22

≥70 years 25 18 8

Average(years)** 64.99±1.18 63.91±1.24 65.10±1.71

*Chi-squared test: Difference were no significant when the ratio of 
different gender in different group: Lung cancer group compared with 
COPD group, P=0.978; Lung cancer group compared with normal group, 
P= 1.000; COPD group compared with normal group, P=0.984.

Difference were no significant when the ratio of different age in different 
group: Lung cancer group compared with COPD group, P=0.855; Lung 
cancer group compared with normal group, P=0.855; COPD group 
compared with normal group, P= 0.984.

**t-test: Data was presented as the mean ± SEM. Lung cancer group 
compared with COPD group, P=0.536; Lung cancer group compared 
with normal group, P= 0.961; COPD group compared with normal group, 
P=0.58.

The average age of 68 COPD patients was 63.91 ± 1.24 years, 
including 50, 73.52%, male patients, of whom 50 were under 70 
years accounted for 73.52% of the study population.

According to the severity of ATS/ERS disease, 17 patients 
(25.00%), 34 patients (50.00%), 16 patients (23.53%), and 1 patient 
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(1.47%) were classified as mild, moderate, severe, and extremely 
severe. The clinical data for COPD patients classified by ATS/ERS 
disease severity are presented in Table 2. A total of 30 people in 
the healthy control group were selected, with an average age of 
65.10±1.71 years, males accounting for 73.33%, and males under 

70 years old accounting for 73.33%. There were no statistically 
significant differences in gender and age distribution between the 
two groups. The age and gender distribution characteristics of the 
participants are listed in Table 3. The distributions of age characters 
of participating people in different groups are in Figure 2.

RNP/Sm and Sm positive(2 ANA specificity):

SSA Positive:

Ro-52 posotive:

Histones positive:

Scl-70 posive:

M2 posotive:

Both Ro-52 and SS-A positive(2 ANA specificity):

CENP B, Ro-52 and SS-A positive(3 ANA specificity):

PM-Scl and Ro-52 positive(2 ANA specificity):

Figure 2: The illustration of our tests:

Table 2: The pathologic TNM classification of the lung patients.

Pathologic TNM Classification StageⅠ StageⅡ Stage Ⅲ A Stage Ⅲ B Stage Ⅳ

No. of cases 14(15.56%) 8(8.89%) 10(11.11%) 10(11.11%) 48(53.33%)

Table 3: Clinical data of patients with COPD, by the ATS/ERS classification of disease severity.

ATS/ERS Stage of Disease Severity*

 I Mild II Moderate III Severe IV Very severe

No. of cases 17 34 16 1

Males, n (%) 15(88) 24(71) 10(63) 1(100)

Age, yr, m (SD) 53.24(4.3) 64.97(4.3) 74.63(7.8) 85

*ATS/ERS stages: I, mild, FEV1/FVC <0.7 and FEV1≥80% ref; II, moderate FEV1/FVC <0.7 and FEV1< 80% and ≥ 50% ref; III, severe, FEV1/FVC 
<0.7 and FEV1 <50% and ≥ 30% ref; IV, very severe, FEV1 <50% and ≥ 30% ref.
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The comparison of Antinuclear Autoantibodies Expres-
sion between Each Group

The results for each group were illustrated in Table 4. In our 
study ANAs were much more common in lung cancer patients 

(P=0.00)and COPD patients (P=0.049) than in control individuals. 
Further comparison revealed that circulating ANAs in lung cancer 
patients were significantly higher than those in COPD patients 
(P=0.004).

Table 4: The positive frequency of different Antinuclear Antibodies (ANAs)-patterns in sera from people in subsets of gender with lung cancer, COPD 
and control.

ANAs
Lung cancer group (n=90) COPD group (n=68) Control group (n=30)

Male (n=66) Female (n=24) male (n=50) female (n=18) male (n=22) female (n=8)

1:80 26 7 4 2 1 1

ANA titer 1:160 0 0 0 0 0 0

1:320 0 0 0 0 0 0

Nrnp/Sm 1 0 0 0 0 0

Sm 1 0 0 0 0 0

SS-A 5 4 4 2 0 0

Ro-52 24 4 3 2 0 0

SS-B 0 0 2 0 0 0

Scl-70 1 0 1 1 0 0

PM-Scl 1 0 0 0 0 0

Jo-1 0 0 0 0 0 0

CENP B 0 1 2 0 0 0

PCNA 0 0 0 0 0 0

dsDNA 0 0 1 0 0 0

Nucleosomes 0 0 0 0 0 0

Histones 2 1 0 0 0 0

Rib.P-protein 0 0 2 0 0 0

M2 1 1 0 1 0 0

Positive (%) 34(51.5) 10(41.7) 12(24) 6(33.3) 1(4.5) 1(12.5)

P* value 0.408  0.442

Positive,total (%) 44(48.9) 18(26.5) 2(6.6)

P** value 0.004

The comparison of ANAs positive ratio in different group: Lung cancer group compared with COPD group, P=0.004; Lung cancer group compared with 
normal group, P=0.00; COPD group compared with control group, P=0.049.

Expression of Antinuclear Autoantibodies in Different 
Genders

34 ANA positive results were observed in 66 male lung cancer 
patients (34 out of 66 (51.52%)), 10 ANA positive results were 
detected in 24 female lung cancer patients (10 out of 24 (41.67%)), 
the difference was not statistically significant (P= 0.408). A higher 
frequency of elevated positive results was observed in female COPD 
patients (6 out of 18 (33.33%)) than the male group (12 out of 50 
(24.00%)), the differences were not statistically significant, too (p 
= 0.442) (Table 4).

Expression of antinuclear autoantibodies in different 
ages

In lung cancer group, ANA titers were elevated in 31 patients 
under 70 years of age and one or more ANA specificity out of 65 

patients (47.69%). The increase in ANA titers and one or more ANA 
specificity were detected in 13 (52.00%) of 25 lung cancer patients 
aged over 70 years. ANA titer was elevated in 12 patients under 70 
years of age in the COPD group, and one or more ANA specificity out 
of 50 patients (24.00%). Increased ANA titer and one or more ANA 
specificities were detected in 6 (33.33%) of 18 COPD patients over 
age 70. No correlation was found between age and ANA positive 
results in either lung cancer group or COPD group .

Most common types of antinuclear autoantibodies ex-
pression

The most commonly elevated ANA titers observed were ANA 
titer of 1:80 (33 out of 44 lung cancer ANA-positive and 6 out of 18 
COPD ANA-positive). Among the various ANA antibody subtypes, 
anti-Ro-52 and anti- SSA were the most common. A total of 63.6% 
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of the lung cancer ANA-positive samples available for immunoblot 
analysis (33 out of 44 ANA-positive) revealed anti-Ro-52, and 
20.5% of the lung cancer ANA-positive samples (9 out of 44 ANA-
positive) were anti-SSA. The prevalence of these autoantibodies 
in COPD patients showed that 5 of the 18 (27.8%) ANA-positive 
patients were anti-Ro-52 antibody-positive, and anti-SSA antibody 
was present in 6 of 18 (33.3%) ANA positive patients.

Discussion
Studies have shown that lung cancer is one of the leading causes 

of death worldwide. It is a non immunogenic cancer that is resistant 
to immunomonitoring [8]. Circulating autoantibodies appear more 
frequently in cancer patients than in non cancer patients [9]. The 
incidence of ANAs in various types of cancer in different age groups 
of both sexes had been reported [10]. Our results showed that the 
ANAs positive rate of lung cancer patients was higher than that of 
the general population, which was consistent with previous studies.

Chronic obstructive pulmonary disease (COPD) is now the 
third leading cause of death in the world [11]. And COPD has other 
important manifestations beyond the lungs, known as systemic 
effects. These factors include unwilled weight loss, skeletal 
muscle dysfunction, and an increased risk of cardiovascular 
disease, osteoporosis, and depression. Low-level chronic systemic 
inflammation is one of the potential mechanisms of these systemic 
effects [12]. COPD is a polymerous disease. Autoimmunity may 
responsible for the pathogenesis of COPD [13]. Lung carcinoma is 
the most common concurrent comorbidities which COPD patients 
frequently suffer from, [11] the presence of COPD and emphysema 
is related to the increased risk factor of lung carcinoma [14].

ANAs react with various nuclear autoantigens. Previous studies 
have shown that although ANA positive is highly sensitive to certain 
rheumatic diseases, the presence of ANAs is non-specific and can 
be involved in a number of non-rheumatic factors, including 
malignancies, environmental exposure, drugs and infections [15]. 
They constitute a group of heterogeneous autoantibodies. [16] There 
are multiple case reports of ANAs in patients with malignancies 
[16]. The work of Fernandez Madrid F etc showed autoimmunity 
is a significant feature of squamous cell carcinoma, and suggested 
that the molecular characteristics of nuclear antigens recognized 
by ANAs may help to find valuable markers to distinguish LSCC 
from HNSCC [17]. The group of Nunez B revealed that abnormal 
titers of circulating ANA occurred in between a quarter and a third 
of clinically stable COPD patients [18]. Some authors found COPD is 
a heterogeneous disease and associated with a higher prevalence 
of ANAs [19].

However, it has been reported that aging is related to 
autoimmunity, and the positive rate of ANA was higher in the elder 
[20,21] this trend was not apparent in lung cancer patients in our 
study when we observed the individuals under 70 compared with 

over 70 years; Despite some studies suggest ANAs are increased 
prevalence in women than men [22] Our results show that gender 
are not strongly associated with ANAs production in lung cancer 
samples. ANAs positivity was more prevalent in women and over 
70 years age patients with COPD but their limited number (only 
18 ANA-positive results) restricts the generalizability of this 
observation.

Although anti-Ro/SSA antibodies are mainly detected in 
SLE and SS patients, they are sometimes found in other systemic 
autoimmune diseases [23,24] Ben-Chetrit et al. first discovered a 
52 kDa protein Ro52 in Ro antigen in 1988 [25] and the cDNA of 
human Ro52 was cloned three years later [26,27] In humans, the 
size of the Ro52 gene is 8.8 KB which stand on chromosome [11]. 

Ro52 is an interferon(IFN)-inducible protein [28] which is also 
induced by type I IFN-induced viral infection or toll-like receptor 
(TLR) binding [29]. Studies have shown that Ro52 is a negative 
regulator of proinflammatory cytokine production. And anti-Ro 
antibodies were frequently found to be involved in SLE, [30] SS/
SLE overlap syndrome, SCLE, and Neonatal lupus erythematosus 
(NLE) [31] NLE is a passively conveyed autoimmune disease that 
occurs in mothers of some infants with anti-Ro and / or anti-La 
antibodies [32] whose most common complication is congenital 
complete heart block (CCHB), which occurs in 0–5% of such 
pregnancies [33]. Anti-ro52 antibody is highly specific in primary 
biliary cirrhosis, an autoimmune liver disease [34] Although the 
causative role of autoantibodies in autoimmune diseases is not 
yet clear, it has been hypothesized that anti-Ro antibody might 
play a direct role in tissue damage. Anti-ro52 antibody may has 
pathological effects by directly damaging tissues and inhibiting 
the activity of Ro52 antigens. Our results revealed in lung cancer 
patients a higher frequency of anti-Ro-52, followed by anti-SSA. Our 
study has limitations, we could not assess associations with specific 
autoimmune diseases or other diseases, and the small sample sizes 
of some subgroups may limit our ability to detect differences in 
ANA prevalence on certain factors.

In summary, our results show that a higher frequency of 
elevated positive results of ANAs was observed in COPD than in 
normal people, however, the positive rate of circulating ANAs in 
lung cancer patients was significantly higher than in COPD patients. 
Further study will help to understand the pathogenesis of COPD 
and lung cancer and the relationship between the two kind of 
diseases. The development of autoantibodies is the result of the 
destruction of human immune balance, [35] and we believe that 
the main role of the intratumor immune response can promote our 
understanding of tumor evolution and has important implications 
in clinical practice [36].
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