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Abstract  

Lymphoid follicles in the lung parenchyma are a characteristic feature of COPD. There 

are reports of altered CD4 T regulatory cell numbers in COPD lungs, but the location of 

these cells within COPD lung tissue specifically follicles has not been investigated. 

 

The presence of CD4+FOXP3+ T regulatory cells was assessed in surgically resected lung 

tissue from 12 COPD patients, 11 smokers with normal lung function and 7 non-smokers 

by combined immunofluorescence and immunohistochemistry.  

 

Organised lymphoid follicles were observed in all 3 groups of patients, as well as 

lymphoid clusters lacking organization.. The percentage of CD4 cells that were T 

regulatory cells are significantly increased (p=0.02) within COPD (16%) follicles 

compared to smokers (10%) and non-smokers (8%). In contrast, there was no change 

(p>0.05) in the percentage of T regulatory cells in clusters or the subepithelium between 

groups. 

 

Lymphoid follicles in COPD patients have increased T regulatory cells. T regulatory 

activity may therefore be altered within COPD lymphoid follicles.   
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Introduction 

 

Chronic obstructive pulmonary disease (COPD) is characterized by progressive airway 

inflammation. Altered adaptive immunity is thought to play a role in the pathophysiology 

of this disease, as increased CD8+ T cells and B lymphocyte numbers are found in the 

airways of COPD patients compared to controls [1-3], with the number of these cells also 

increasing with disease severity [1, 4]. It has been proposed that COPD has an auto-

immune component [5, 6], but the antigenic stimulation responsible for lymphocyte 

activation is unclear. Possibilities include pathogens residing in the airways such as 

viruses or bacteria, or smoking altering the presentation of self antigens including elastin 

[4, 6]. The regulation of pulmonary lymphocyte activity in COPD patients is not fully 

understood.    

Regulatory T cells are a subset of CD4 cells that inhibit activated lymphocytes through 

the release of suppressor molecules such as IL-10 and TGF-β, or by cell-to-cell contact 

mechanisms [7, 8]. FOXP3 is a member of the forkhead or winged helix family of 

transcription factors that is deemed essential for the development and function of T 

regulatory cells [9, 10], and is considered the most specific available marker for T 

regulatory cells [11, 12].  

T regulatory markers including FOXP3 have been used to show that smokers have 

increased numbers of T regulatory cells in bronchoalveolar lavage fluid [13, 14] 

compared to non-smokers. One of these studies also showed decreased T regulatory 

numbers in COPD patients compared to smokers with normal lung function, suggesting 

decreased T regulatory function in COPD. T regulatory cell numbers have also been 
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reported to be reduced in dispersed lung tissue lymphocytes from emphysema patients 

compared to controls, associated with reduced whole tissue FOXP3 mRNA levels and IL-

10 production, further supporting the concept that T regulatory function is reduced in 

COPD patients.   

Lymphocytes that are attracted to tissue sites of inflammation can form organised 

structures known as tertiary lymphoid follicles. These have been reported in tissues such 

as the gut and joints [15, 16] and have also been observed within the lung parenchyma of 

COPD patients [4, 17]. These follicles have a B cell core with T cells around the 

periphery [17]. Dendritic cells are also present in these follicles, suggesting that these 

structures are a site for chronic antigen presentation to lymphocytes [17]. Dendritic cells 

have been suggested to play a part in an aberrant immunological response within COPD 

follicles [18]. To our knowledge, T regulatory cells in pulmonary lymphoid follicles in 

COPD patients have not been previously studied.  

We studied T regulatory cell numbers within the lung parenchyma of patients with 

moderate COPD, focusing attention on lymphoid follicles. We hypothesised that 

parenchymal T regulatory cell numbers would be altered in patients with COPD 

compared with normal control subjects. Using dual fluorescence immunocytochemistry 

we describe the specific location of CD4+FOXP3+ T regulatory cells within the lung 

parenchyma of COPD patients.   
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Materials and Methods 

Study Subjects 

Thirty patients undergoing surgical resection for suspected or confirmed lung cancer 

(Table 1) were recruited.  COPD was diagnosed based on a history of smoking for at least 

10 pack years, typical symptoms (productive cough, breathlessness or wheeze), and 

airflow obstruction defined as FEV1 < 80% predicted, and FEV1 / FVC ratio < 0.7. These 

patients were all moderate COPD (GOLD stage 2). Non COPD patients were categorized 

as either smokers (S) or non-smokers (NS), which included ex-smokers with a pack year 

history ≤1 year. All subjects gave written informed consent. The study was approved by 

the local research ethics committee.  

 

Tissue Sampling and Processing 

Two tissue blocks were taken from adjacent areas from the same lung, as far distal to 

tumor as possible, then formalin fixed and paraffin embedded. For each patient both 

tissue blocks were stained for immunohistochemical analysis. Primary antibodies used; 

CD3 (clone PS1, Novocastra), CD4 (clone IF6, Novovocastra), CD8 (clone C8/144B, 

Dako), CD20 (L26, Vector Labs), CD62L (clone 9H6, Novocastra), FOXP3 (Ab10563, 

Abcam).  

 

Lung tissues were cut into 4µm sections and lifted onto polysine coated glass slide. 

Following heat induced epitope retrieval (HIER) in Tris-EDTA buffer pH8 (10mM Tris 

Base, 1mM EDTA, 0.5% Tween 20) microwaved for 20 minutes at 800W. Primary 

antibody diluted in 1.5% normal serum (Vector Labs, Peterborough, UK) was applied 
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overnight at 4°C. Endogenous peroxidase was quenched by incubating sections in 3% 

H2O2 in methanol for 30mins at room temperature. FOXP3 was detected using 

biotinylated goat anti-rabbit IgG secondary antibody (Vector) in conjunction with an 

avidin-biotin peroxidase complex (Vector) and diaminobenzidine (DAB) substrate. 

Sections were counterstained with Meyer’s haematoxylin (Sigma, Poole, UK). Omission 

of primary antibody from staining protocol and substitution of primary antibody with an 

isotype control antibody (Vector) were used as negative controls.  

 

Combined Immunofluorescence and Immunohistochemistry 

Sections were pre-treated with Tris-EDTA buffer pH 8 as described above, blocked with 

normal goat serum then incubated in either mouse anti-human CD4 (1:10, Novocastra, 

Newcastle, UK) or mouse anti-human CD62L (1:50, Novocastra) overnight at 4°C. 

Following detection using Alexa 568 conjugated goat anti-mouse IgG (1:200, Invitrogen, 

Paisley, UK) sections were washed and incubated in rabbit anti-human FOXP3 (1:800, 

Abcam, Cambridge, UK) overnight at 4°C and detected as described. Sections were then 

incubated in 4', 6-diamidino-2-phenylindole (DAPI, Invitrogen, Paisley, UK) to act as a 

fluorescent nuclear counterstain. Omission of one or other primary antibody, or both, was 

carried out on parallel sections to provide controls.  

 

Image Analysis 

The number of CD4+FOXP3+ T regulatory cells was calculated within inflammatory 

follicles and clusters, and within the sub epithelial layer of small airways (airways devoid 

of cartilage and glandular tissue, and with an internal perimeter less than 6mm). To 
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obtain dual label images, brightfield and fluorescent images from the same field were 

captured and digitally merged to determine the CD4+ FOXP3+ cells. Digital micrographs 

were obtained using a Nikon Eclipse 80i microscope equipped with a QImaging digital 

camera and ImagePro Plus 5.1 software (MediaCybernetics, Marlow, UK). Quantification 

of individual cell counts, follicle size, and length of airway luminal perimeter was carried 

out using the ImagePro Plus 5.1 software. CD4 cells associated with the small airways 

were counted within an area of 100µm sub-epithelial. Cell counts were calculated and 

standardized to the number of positive cells/mm2 of the area of interest (Cluster, follicle 

or sub-epithelia.. All micrographs were stored as tiffs and were cropped, where 

applicable, using Adobe Photoshop 6.0.  

 

Statistical Analysis 

Data was not normally distributed, so 3 way comparisons between groups were 

performed using non parametric ANOVA. Where significant differences were found by 

ANOVA, defined as p<0.05, subsequently Mann-Whitney U tests were performed for 2 

way comparisons. Analysis was carried out using GraphPad InStat version 3.06 

(GraphPad Software, Inc, San Diego, CA, USA) 
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Results 

Distribution of tertiary lymphoid structures 

Tertiary lymphoid follicles were observed within samples from every patient group. 

Follicles were detected to be associated with the airway walls (Figure 1a) and also as 

isolated structures within the lung parenchyma (Figure 1b) as previously described [4, 

17].  These organized follicles were composed of a dense population of cells arranged in 

concentric layers (Figure 1c-f). Follicles had a large CD20+ B cell core with an outer 

layer of CD3+ T cells, comprising both CD4+ and CD8+ cells. Inflammatory clusters 

without an organized structure were also observed (Figure 1g&h). Within clusters the T 

cell population were no longer only associated to an outer layer but also distributed or 

scattered throughout. The majority of follicles (89.4%; 76/85) and clusters (86.4%; 

38/44) were detected within the lung parenchyma, with the rest associated with the 

airways (Table 2).  

  

In the 60 samples from the 30 subjects (i.e. COPD, S and NS combined) a numerical 

increase in number of follicles per sample was observed in COPD patients, with a trend 

towards significance (p = 0.068). There was no significant difference in the number of 

clusters between groups (p = 0.11).  

 

CD4 distribution 

ANOVA analysis showed a significant difference between COPD, S and NS in the 

number of CD4+ cells within follicles (p = 0.004). Mann Whitney U tests showed that the 

number of CD4+ cells were increased in COPD (median 4390 cells/mm2) follicles 
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compared to S (median 3370 cells/mm2) (p = 0.0009). Although numerical differences 

were also observed between the numbers of CD4+ T cells within COPD and NS follicles, 

these were not statistically significant (p= 0.1).   

ANOVA analysis showed a significant difference between COPD, S and NS in the 

number of CD4+ cells in the sub-epithelia (p = 0.02) (Table 3). Subsequent Mann-

Whitney U analysis show an increase in CD4+ T cells within COPD sub-epithelia 

(median 448 cells/mm2) compared to S (median 200 cells/mm2, p = 0.015) and NS 

(median 260 cells/mm2, p = 0.04), but no difference (p>0.05) between S and NS..  

ANOVA analysis showed no difference between COPD, S and NS in the number of 

CD4+ cells in clusters.  

 

CD4+FOXP3+ T regulatory cells 

CD4+FOXP3+ T regulatory cells were observed predominantly around the periphery of 

inflammatory follicles (Figure 2a) whereas within clusters the T regulatory cells were 

observed to be scattered throughout. The absolute number of CD4+FOXP3+ cells were 

lower in the sub-epithelial layer of small airways (Figure 2a-c and Table 3). FOXP3 

immunoreactivity was observed to be associated to cell nuclei. All FOXP3+ cells 

identified were also CD4+. CD8+FOXP3+ cells were not identified (Figure 2f). No 

immunoreaction product was observed when the FOXP3 primary antibody was omitted 

from the protocol, or substituted with an isotype control antibody, on adjacent serial 

sections (Figure 2g&h).  
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There were increased T regulatory cell numbers in follicles of COPD patients compared 

to follicles in S and NS, whether expressed as total number or percentage of CD4 cells 

(Table 3). Mann-Whitney U tests showed the percentage of CD4+FOXP3+ cells within 

follicles from COPD (median 160 cells/mm2) were significantly increased compared to S 

(median 100 cells/mm2, p = 0.032) and NS (median 80 cells/mm2, p = 0.027). There was 

no difference between S and NS follicles (p = 0.36).  

There were no significant differences in T regulatory cell numbers in clusters or the 

subepithelium between the groups, whether expressed as total number or percentage of 

CD4 cells (Table 3). 

In COPD patients, the percentage of the total CD4 population that were FOXP3+ was 

significantly increased in the follicles compared to clusters or the subepithelium (Table 

3). In S and NS there were no differences in the percentage of the total CD4 population 

that were FOXP3+ between the follicles, clusters and subepithelium (Table 3).  

  

CD62L expression by T regulatory cells 

To determine whether the CD4+FOXP3+ T regulatory cells express the secondary-

lymphoid tissue-homing receptor CD62L, dual label expression of CD62L and FOXP3 

was performed on 1 block per patient - Figure 2e. There were no significant differences 

between the percentage of CD62L+FOXP3+ cells between groups (p = 0.68). The 

medians (range) were COPD 47% (6-75%), S 42% (22-50%) and NS 46% (4-75%).  
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 Discussion 

 

This is the first study to quantify and describe the localization of CD4+FOXP3+ T 

regulatory cells within human lung parenchyma of COPD patients. Previous studies have 

characterized T regulatory cells from bronchoalveolar lavage fluid (BALF), dispersed 

lung cells and peripheral blood [6, 13, 14]. The major finding was that CD4+FOXP3+ T 

regulatory cells were significantly increased within the inflammatory follicles from 

moderate COPD patients compared to smokers and non-smokers with normal lung 

function.  

We observed inflammatory lymphoid aggregates that appeared as unorganized structures 

(termed clusters) within COPD lung tissue. Similarly, loosely organized intestinal 

inflammatory clusters that may represent immature follicles have been described [19]. 

We hypothesize that the inflammatory clusters observed in our study may also reflect 

immature or early stage tertiary lymphoid follicles.  

There was an increased proportion of T regulatory cells within follicles of COPD patients 

compared to S and NS. However, in clusters and the subepithelia there was no difference 

in the proportion of T regulatory cells between the groups. It has been hypothesized that 

dendritic cells within COPD follicles fail to induce appropriate T-cell responses but 

instead induce predominantly CD8+ T cell proliferation [18]. These CD8 cells exit the 

follicles and accumulate within the airways and parenchyma [18].  The local immune 

micro-environment within COPD follicles therefore appears to involve a variety of cell 

types, and our observation also suggests a role for T regulatory cells within this micro-

environment. We speculate that increased T regulatory cell numbers are present in COPD 
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follicles to suppress the interactions between dendritic cells and T cells that lead to CD8 

proliferation. This hypothesis should be studied further.  

Recent studies have also described T regulatory cells within the tertiary lymphoid 

follicles of patients with rheumatoid arthritis (RA) [15], and in mucosal biopsies of 

patients with inflammatory bowel disease (IBD) [16]. As follicles have a B cell core, it 

has been suggested that FOXP3+ T regulatory cells can mediate B cell activity directly 

[20]. We speculate that another possible role for T regulatory cells in COPD lymphoid 

follicles is to suppress B cell activation.   

We investigated the numbers of T regulatory cells within lung tissue, and further studies 

are needed to address the function of these cells such as the expression of regulatory 

cytokines IL-10 and TGFβ. It has been reported that IL-10 production from lung tissue is 

reduced in COPD patients, suggestive of reduced T regulatory activity [6]. Although we 

observed increased T regulatory cells in COPD lymphoid follicles, whether their 

functional capacity is preserved is a key issue.  

Previous studies have shown that smokers have increased numbers of T regulatory cells 

compared to non-smokers in the BALF. There is evidence from one study, but not 

another performed by ourselves, that COPD patients have reduced T regulatory cell 

numbers compared to smokers with normal lung function. In a different study using 

dispersed lung lymphocytes, the numbers of T regulatory cells were decreased in 

emphysema patients compared to a mixed control group of smokers and non-smokers. In 

contrast, our current observations suggest increased T regulatory cell numbers in COPD 

patients. The differences between studies may be due to the following; (a) we have 

specifically studied lymphoid follicles, in contrast to studies that have sampled the airway 
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lumen by lavage. Cells within these distinct compartments may have different 

characteristics (b) previous studies have used CD4CD25high expression by flow 

cytometry as the principal method for evaluating T regulatory cell numbers. However, it 

is known that some CD4CD25high cells are activated rather than regulatory lymphocytes, 

and the best marker for regulatory T cells is the one used in the current study, namely 

FOXP3.     

FOXP3+ T regulatory cells have been categorised as being either secondary-lymphoid 

homing T cells or non-lymphoid tissue homing FOXP3+ T cells [20, 21]. Differential 

expression of trafficking receptors including CD62L has been used to distinguish 

lymphoid homing T regulatory cells [21]. The T regulatory cells identified in follicles and 

clusters in the current study expressed CD62L, suggesting T regulatory cell recruitment 

akin to that of secondary lymph nodes [21, 22]. The presence of COPD did not alter the 

expression of CD62L, indicating that the increased numbers of T regulatory cells within 

COPD follicles was not due to over expression of this trafficking receptor.  

Only approximately 50% of the FOXP3+ T regulatory cells were CD62L+, possibly due to 

chemokine receptor switching that occurs on lymphocytes upon migration to lymphoid 

organs [21]. Antigen presentation within follicles may cause a secondary chemokine 

receptor switch enabling lymphocytes migrate efficiently to nonlymphoid tissues [23]. 

Our findings of only 50% of regulatory T cells expressing CD62L may be due to 

chemokine receptor switching.  

 

The primary aim of this study was to analyze T regulatory cell numbers within follicles. 

We also collected data on the number of follicles in samples from COPD patients and 
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controls. We identified follicles associated with small airways as previously described [4, 

17] as well as follicles within the lung parenchyma as previously described [17]. 

However, it was not our intention to further study differences in follicle numbers between 

groups, as this has been extensively reported elsewhere using larger sample sizes than the 

current study [4, 17]. Furthermore, we only included moderate COPD patients, while 

previous studies have included a greater range of patients to include severe (GOLD stage 

3) and very severe (GOLD stage 4) patients. This is important, as Hogg et al showed that 

there was a sharp increase in the number of follicles in severe and very severe COPD 

patients [4]. Bearing in mind the limitation of the current study in terms of range of 

disease, it is clear that our study does not inform us about anything novel in terms of 

follicle prevalence. We would stress that we did not set out to investigate this.   

 

Previous studies have shown an increase in follicle numbers in S compared to NS [24], 

but no difference between S and mild to moderate COPD [4, 25]. Our study showed an 

increase in T regulatory cell numbers within follicles in moderate COPD compared to S. 

We speculate that this is an indicator of increased immunological activity within follicles 

of moderate COPD patients that contain antigen presenting dendritic cells, CD8 cells and 

large numbers of B cells. It has been hypothesized that COPD has an auto-immune 

component [5, 6], and so increased T regulatory activity in moderate COPD may be 

expected in an attempt to control auto-immunity. The progression from moderate to 

severe COPD, which is associated with a sharp increase in the number of follicles [4], 

may arise from a failure of regulatory mechanisms to suppress auto-immunity.    
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The subjects who participated in this study were undergoing investigations for suspected 

lung cancer. We cannot totally rule out any effects lung cancer may have had on our 

results. However, our observations that >80% of tertiary lymphoid follicles were 

distributed within the lung parenchyma and not bronchus associated lymphoid tissue 

(BALT) are in accordance with a recent study that used non-cancerous lung tissue from 

lung reduction surgery and lung transplant patients [17].     

In conclusion, we have observed increased proportions of T regulatory cells within 

parenchymal follicles in moderate COPD patients. T regulatory cells in normal conditions 

regulate ongoing immune responses and prevent autoimmunity. Altered function or 

numbers of these T regulatory cells are likely to be associated with changes in immune 

regulation. The exact role of T regulatory cells within COPD lymphoid follicles needs 

further attention.  
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Table 1. Subject demography   
 COPD S NS 
Subjects 12 11 7 
Age yrs 67 (6.9) 57 (10.8) 64 (15.2) 
Male/female 8/4 3/8 2/5 
Smoking history pack-yrs 55 (13-125)* 34.8 (23-67)* 0 
FEV1 % predicted 70.6 (8.8) 82.8 (13.1) 104 (19) 
FEV1/FVC% 58.9 (7.6) 75.7 (6.3) NA 
 
Data given as mean (SD). * = range  NA = Not available,  S = smoker, NS = Non-smoker 
 
 
 
Table 2 Distribution of inflammatory follicles and clusters within lung tissue.  

 Parenchymal Airway 

 COPD 

(n = 24) 
S 

(n = 22) 
NS 

(n = 14) 
COPD 

(n = 24) 
S 

(n = 22) 
NS 

(n = 14) 
Follicle 39 28 9 6 1 2 
Cluster 18 9 21 0 0 6 

Summary of the anatomical distribution of the inflammatory foci examined.  
n = number of tissue samples analyzed 
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Table 3. Distribution of CD4 and CD4+Foxp3+ T regulatory cells 
 
    ANOVA 

 COPD S NS p-value 

Absolute Numbers     

     

CD4+/mm2     

Sub-Epithelial 448 (160-1750) 200 (120-1260) 260 (50-940) 0.02 

Follicle 4390 (2040-10370) 3370 (1410-5640) 2900 (1740-7900) 0.004 

Cluster 4410 (2630-11810) 5330 (2100-28850) 4080 (1520-6710) ns 

     

CD4+Foxp3+/mm2     

Sub-Epithelial 36 (0-490) 64 (0-310) 10 (0-250) ns 

Follicle 570 (100-1890) 310 (5-1280) 350 (0-860) 0.0007 

Cluster 330 (110-4350) 560 (110-5910) 310 (30-930) ns 

     

Percentage T regs     

     

%CD4+Foxp3+     

Sub-Epithelial 7 (0-28) 8 (0-55) 2 (0-48) ns 

Follicle 16 (3-48) 10 (3-35) 8 (0-20) 0.02 

Cluster 8 (3-37) 11 (3-20) 9 (1-21) ns 

p-value 0.0007 ns ns  
 
Data displayed as median (range) for the distribution of the absolute numbers of CD4 
cells and CD4+Foxp3+ T regulatory cells cells/mm2 and as % of CD4 cells that were 
Foxp3+ within the areas of interest across the patient groups. Within each group the 
absolute CD4 and CD4+Foxp3+ populations were significantly different between areas of 
interest (p<0.0001) 
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Figure Legends 

Figure 1. Representative images for the immunohistochemical analysis of the 

inflammatory cell components of tertiary lymphoid follicles and inflammatory clusters, 

within 4µm thick sections of human lung tissue. Immunohistochemical analysis was 

performed on serial sections to identify the presence of T cells, B cells and macrophages. 

(a) Haematoxylin and eosin staining to illustrate a typical lymphoid follicle associated 

with a small airway and (b) a parenchymal lymphoid follicle.  (c) 3,3’-diaminobenzidine 

(DAB) detection (brown) of CD20+ B cells (anti-CD20, clone L26) forming a central 

core. (d) CD3+ T cells (anti-CD3, clone PS1) and (e) CD4+ T cells (anti-CD4, clone IF6) 

and (f) CD8+ T cells (anti-CD8, clone C8/144B) around the periphery of the follicle.  

Inflammatory clusters were observed that appeared to be less organised than follicles but 

were also composed of (g) T cells and (h) B cells. All sections were counterstained with 

Mayer’s haematoxylin (blue). Scale bars = 50µms (a-f, Mag x200 ) and 30µms (b,g&h, 

Mag x400). 
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Figure 2. Representative images for the dual immunohistochemical and 

immunofluorescence detection of CD4+FOXP+ T regulatory cells within human lung 

tissue. Cell nuclei were counterstained with either DAPI (Blue, a-f) or Mayer’s 

haematoxylin (Blue, g&h) (a) CD4+ cells were identified using an Alexa-488 conjugated 

goat anti-mouse secondary antibody (Red) and FOXP3+ cells were detected using DAB 

following indirect immunohistochemistry (Brown).  (b) Increased magnification of the 

highlighted area in (a) demonstrating the distinct nuclear staining of FOXP3 (Brown) in 

cells that are also CD4+ (Red) (arrows). (c) A single CD4+FOXP3+ cell (arrow) detected 

within an airway submucosa. (d) A CD4+FOXP3+ cell detected within a population of 

CD4+FOXP3- T cells within an alveolar septum (e) A lymphoid follicle expressing an 

abundance of CD62L throughout with a few CD62L+FOXP3+ cells (arrow) (f) Sub-

epithelial FOXP3+ cell (arrow) in close proximity to CD8+FOXP3- cells (Red) (g) 

FOXP3+ cells detected in an inflammatory foci (h) Substituting anti-FOXP3 primary 

antibody for an isotype control antibody on an adjacent serial section resulted in no 

immunoreactivity being detected in the corresponding area.. Scale bars = 50µms (a, Mag 

x200 ) and 25µms (g&h, Mag x400). (a,c,d,e) Green/yellow fluorescence is a result of the 

intrinsically fluorescent tissue components (elastic fibers and red blood cells). 

Autofluorescence is distinguished from positive fluorescence by forming a composite 

image of the red, green and blue channels. Autofluorescence is visible in all three 

channels and as a result appears as an amalgamation of the three colours, whereas the 

positive fluorescence is visible in only one channel and appears as the pure colour (Red).  
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