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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is characterized by chronic pulmonary and systematic
inflammation. An abnormal adaptive immune response leads to an imbalance between pro- and anti-inflammatory
processes. T-helper (Th), T-cytotoxic (Tc) and T-regulatory (Treg) cells may play important roles in immune and inflammatory
responses. This study was conducted to clarify the changes and imbalance of cytokines and T lymphocyte subsets in
patients with COPD, especially during acute exacerbations (AECOPD).

Methods: Twenty-three patients with stable COPD (SCOPD) and 21 patients with AECOPD were enrolled in the present
study. In addition, 20 age-, sex- and weight-matched non-smoking healthy volunteers were included as controls. The serum
levels of selected cytokines (TGF-B, IL-10, TNF-o, IL-17 and IL-9) were measured by enzyme-linked immunosorbent assay
(ELISA) kits. Furthermore, the T lymphocyte subsets collected from peripheral blood samples were evaluated by flow
cytometry after staining with anti-CD3-APC, anti-CD4-PerCP, anti-CD8- PerCP, anti-CD25-FITC and anti-FoxP3-PE monoclonal
antibodies. Importantly, to remove the confounding effects of inflammatory factors, the authors introduced a concept of
“inflammation adjustment” and corrected each measured value using representative inflammatory markers, such as TNF-o
and IL-17.

Results: Unlike the other cytokines, serum TGF-f levels were considerably higher in patients with AECOPD relative to the
control group regardless of adjustment. There were no significant differences in the percentages of either CD4" or CD8" T
cells among the three groups. Although Tregs were relatively upregulated during acute exacerbations, their capacities of
generation and differentiation were far from sufficient. Finally, the authors noted that the ratios of Treg/IL-17 were similar
among groups.

Conclusions: These observations suggest that in patients with COPD, especially during acute exacerbations, both pro-
inflammatory and anti-inflammatory reactions are strengthened, with the pro-inflammatory reactions dominating. Although
the Treg/IL-17 ratios were normal, the regulatory T cells were still insufficient to suppress the accompanying increases in
inflammation. All of these changes suggest a complicated mechanism of pro- and anti-inflammatory imbalance which needs

to be further investigated.
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Introduction

Chronic obstructive pulmonary disease (COPD), which is
primarily the result of chronic cigarette smoking and exposure to
various hazardous gases and particles, is characterized by poorly
reversible airflow limitation and progressive airway inflammation
[1]. Although cigarette smoking is established as the main
etiological factor for COPD, only a fraction of so-called
“susceptible smokers” finally progress to COPD [2]. It is clear
that the quantity of smoke inhaled as well as genetic elements can
have coordinated effects on the development of COPD. Further-
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more, the progression of COPD is essentially attributed to the
dysfunction of regulatory mechanisms, including weak anti-
protease [3] and anti-oxidant [4] activities, and in particular, to
maladaptive immune modulation [5].

The concept of an imbalance in the Treg/Th17 relationship has
been investigated quite extensively in many diseases, including
COPD [6,7,8]. On the one hand, Tregs can serve to suppress
inflammation in chronic inflammatory and autoimmune diseases
via multiple pathways including directly through cell contact and/
or indirectly via the secretion of TGF-B and IL-10. Tregs are
capable of suppressing not only the proliferation of inflammatory
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cells but also the production of pro-inflammatory cytokines [9].
We have previously demonstrated that the quantity and percent-
age of Tregs in patients with AECOPD were significantly
correlated with smoking indices and blood pH [10], indicating
that Tregs may be involved in the pathogenesis of COPD.
Furthermore, even within the same COPD patient, Tregs vary
with the stages of the disease and the sites of sampling [11,12,13].
On the other hand, Th17 cells can also promote autoimmune and
inflammatory diseases primarily through the generation of I1L-17
and several other cytokines [14]. Most recently, studies have
shown that IL-17 is elevated in patients with COPD [15].
Therefore, the authors hypothesize that anti-inflammatory Tregs
are insufficiently effective for preventing lung damage, resulting in
a switch in the immune response to a pro-inflammatory Th17
response [6]. However, the detailed regulatory mechanisms
mvolved in COPD are poorly understood.

Thus, the authors aimed to investigate the cytokines and T cell
subsets associated with pro- and anti-inflammatory processes in the
peripheral blood of COPD patients. Importantly, to remove the
confounding effects of inflammatory factors, the authors adjusted
each measured value with representative inflammatory markers,
such as TNF-a (an indicator of the degree of inflammation mainly
resulting from innate immunity) and IL-17 (a pro-inflammatory
indicator used as an internal reference). To the best of our
knowledge, our study represents the first attempt to investigate the
immune status of patients with COPD by means of inflammation
adjustment.

Materials and Methods

Ethics statement

The study protocol was approved by the Institutional Review
Board for human studies of Tongji Medical College, China, and
written informed consent was obtained from each blood donor.

Subjects

According to the diagnostic criteria developed by the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) [1], 23
patients with SCOPD and 21 patients with AECOPD were
enrolled. Patients who met the criteria for COPD but had a known
alternative respiratory disorder (such as bronchiectasis or severe
infectious diseases) were excluded. In addition, the authors
recruited 20 healthy nonsmokers (HN) as controls (clinical
characteristics are listed in Table 1).

Table 1. Subject characteristics.

Regulatory T Cells in COPD Patients

Sample collection and processing

The fasting peripheral blood samples from each subject were
collected into two EDTA-treated tubes and were immediately
mmmersed in ice. One tube of the specimen was centrifuged at
1000 xg for 15 min, and the cell-free serum was then immediately
frozen at —80°C! for the subsequent analysis of cytokines; the other
specimen tube was used for flow cytometry, as described below.

Determination of cytokines

The concentrations of cytokines (TGF-f, IL-10, TNF-a, IL-17
and IL-9) in serum were measured using ELISA kits according to
the manufacturer’s protocols (all kits were purchased from Boster
Biosciences Co., Wuhan, China). All samples were assayed in
duplicate.

Flow cytometry

Peripheral blood samples (150 pL) were incubated with APC-
conjugated anti-CD3 (3.5 pL), PerCP-conjugated anti-CD4
(3.5 uL) or PerCP-conjugated anti-CD8 (3.5 uL) and FITC-
conjugated anti-CD25 (3.5 uL) monoclonal antibodies (mAbs) (BD
Biosciences) at 4°C for 20 min. RBC lysis buffer (1 mL) (Boster
Biosciences) was then added, and the samples were incubated for
another 10 min in the dark. The tubes were centrifuged at 200 xg
for 5 min. The supernatants were discarded, and the cells were
washed in PBS. The cells were resuspended in Foxp3 fixation/
permeabilization concentrate and diluent solutions (500 puL)
(eBioscience) and incubated at room temperature in the dark for
30 min. The tubes were centrifuged at 200xg for 5 min, the
supernatants were discarded, and the cells were then washed twice
in PBS. The cells were incubated with PE-conjugated anti-FoxP3
mAb (7 uL) (eBioscience) at 4°C for 30 min. Isotype-matched
mAbs were used as negative controls during each staining stage.
After washing with PBS, the stained cells were analyzed using flow
cytometry with a FACS Calibur (BD Biosciences) and analyzed
with FCS Express V3 software (De Novo Software).

Statistics

All of the results were analyzed using a statistical software
package (Graph Pad Prism). The data are presented as the mean
* SEM, unless otherwise stated. Importantly, to remove the
confounding effects of inflammatory factors on the cytokines and
lymphocyte subsets, we divided each originally measured value of
cytokine or flow cytometry data by the arithmetic mean of a
classical inflammatory marker (TNF-oo or IL-17). Differences
among all groups were analyzed by one-way analysis of variance

Variable Control SCOPD AECOPD
Subjects 20 23 21

Age yrs 66+2.9 63*+1.0 70*2.0
Male/female 18/2 20/3 20/1
Smoking history pack-yrs 58+3.1 60+3.4
FEV1 (% predicted) 85+2.0 45+3.0%* 39+2.0%*
FEV1 (% FVC) 89+1.8 50+1.6** 48+1.7%*
Bronchodilation test Negative Negative

group.
doi:10.1371/journal.pone.0111044.t001
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The data are presented as the mean = SEM, unless otherwise stated. FEV1: forced expiratory volume in one second; FVC: forced vital capacity. **p<<0.01 versus control
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Figure 1. Serum concentrations of selected cytokines before
and after adjustment for TNF-a and IL-17. The original values for
the selected cytokines were quantitated in serum obtained from
healthy nonsmokers (n=20) and subjects with SCOPD (n=23) and
AECOPD (n=21) by ELISA (A). To eliminate the mixed effects of
inflammatory factors, the authors divided each original value by the
arithmetic mean of a classical inflammatory marker, such as TNF-a (B)
and IL-17 (C). The data are presented as the mean * SEM, unless
otherwise stated. *p<<0.05 and **p<0.01.
doi:10.1371/journal.pone.0111044.g001
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(ANOVA) followed by the SNK-q test, and P values<<0.05 were
considered to be statistically significant.

Results

Serum concentrations of different cytokines before and

after adjustment for TNF-oe and IL-17

To evaluate cytokine accumulation in the progression of
COPD, the authors analyzed the serum concentrations of
cytokines, such as TGF-f and IL-10, which are considered to be
primarily anti-inflammatory, as well as pro-inflammatory cyto-
kines, including TNF-o, IL-17 and IL-9 (Figure 1A). The serum of
the AECOPD subjects had significantly higher levels of all five
cytokines compared with that of the healthy nonsmokers and with
that of the SCOPD patients. Interestingly, the serum concentra-
tions of certain cytokines in the patients with SCOPD were even
lower than those in the healthy controls (e.g., IL-17,
7.63%0.41 pg/ml vs 17.13%21.99 pg/ml, P<0.01).

To eliminate the mixed effects of inflammatory factors, the
authors divided each originally measured value by the arithmetic
means of the classical inflammatory markers TNF-oo and IL-17
(Figure 1B and C). After correction, the relative serum concen-
trations of I1L-10, TNF-o and IL-9 did not show any significant
differences among groups. However, after the correction, the
serum TGF-f levels were still significantly higher in the patients
with AECOPD compared with those in the healthy controls and in
the SCOPD patients. In contrast, both COPD groups had
significantly reduced serum levels of IL-17 compared with those
of the controls after adjustment for TINF-oL.

CD4" and CD8" T cells in peripheral blood

To determine the differences between the T-lymphocyte subsets
between the COPD patients and the healthy nonsmokers, the
authors next performed flow cytometry on mononuclear cells from
peripheral blood (Figure 2). To our surprise, no significant
differences were observed in the ratio of Th (CD4") to T(CD3")
cells among the three groups (Figure 2A and B). Similarly, there
were no significant differences among the groups for the ratio of
Tc (CD8Y to T(CD3™) cells (Figure 2C and D).

CD25 and FoxP3 expression on CD4" T cells before and
after adjustment

Because the activation and differentiation of T cells can be
characterized by the expression of CD25, the authors examined
the ratio of CD4"CD25" cells to total CD4" cells as the activation
index (Al). To our surprise, both COPD groups had significantly
greater CD4 Al levels than those of the healthy nonsmokers
(Figure 3B). Furthermore, CD4 Al level in the peripheral blood of
the AECOPD subjects was greater than that of the SCOPD
subjects (Figure 3B). After adjustment for the TINF-o0 or IL-17
levels, however, the CD4 Al levels were still higher in the COPD
groups, with both p-values being smaller than 0.01 (Figure 3C and
D).
Furthermore, the patients with AECOPD also had a signifi-
cantly elevated percentage of CD4" Tregs compared with that of
the SCOPD patients and healthy controls (Figure 3B). Neverthe-
less, after adjustment, the Treg percentage in the AECOPD group
was no longer significantly higher than that in the other two
groups (Figure 3C and D). In other words, the AECOPD patients
demonstrated a compensatory augmentation of Tregs in the
presence of strong inflammatory signals. Notably, similar ratios of
Treg/IL-17 were observed in all groups, in contrast to a previously
reported imbalance of Treg/Th17 [6].
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Figure 2. Flow cytometric analysis of CD4" and CD8" T cells in peripheral blood. Lymphocytes were gated on forward scatter height (FSC-
H) versus side scatter height (SSC-H) plots, and representative dot plots gated on lymphocytes show CD3*CD4* T cells (A) and CD3*CD8" T cells (C) in
the peripheral blood obtained from a single subject from each group. The collective analyses show the expression of CD4 (B) and CD8 (D) on CD3* T
cells from healthy nonsmokers (n=20) and subjects with SCOPD (n=23) and AECOPD (n=21). The data are presented as the mean = SEM, unless
otherwise stated.

doi:10.1371/journal.pone.0111044.9g002
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Figure 3. Expression of CD25 and FoxP3 on CD4" T cells before and after adjustment. Representative dot plots show the expression of
CD25 and FoxP3 on CD4" T cells in the peripheral blood obtained from a single subject from each group (A). The original values associated with CD25
and FoxP3 expressed on CD4'T cells in the peripheral blood from healthy nonsmokers (n = 20) and subjects with SCOPD (n =23) and AECOPD (n=21)
were comprehensively analyzed (B). To eliminate the mixed effects of inflammatory factors, we calculated the ratios of original values to TNF-a. (C)
and IL-17 (D). The data are presented as the mean * SEM, unless otherwise stated. **p<0.01. Activation index=CD4*CD25"/CD4"; Treg
percentage = CD4"CD25"FoxP37/CD4™; Treg index=CD4"CD25"FoxP3"CD4*CD25%; Th index=CD4"CD25 FoxP3~/CD4"CD25". Pro-inflammatory

index=Th index/Treg index.
doi:10.1371/journal.pone.0111044.g003

In addition, the authors defined the CD4*CD25"FoxP3*/
CD4"CD25" percentage as the Treg index to assess the relative
numbers of differentiated CD4" Tregs. Regardless of correction,
both COPD groups had a decreased Treg index compared with
that of healthy nonsmokers, which demonstrated a lack of
differentiation ability of the Tregs (Figure 3B, C and D).

Similarly, the authors defined the ratio of CD4*CD25 FoxP3"
to CD4*CD25" as the Th index. According to these definitions,
the authors speculated that the Th index changed inversely with
the trend of the CD4" Treg index. As shown in Figure 3B, both
COPD groups had significantly increased Th indices in contrast to
the decreased Treg indices.

Finally, the authors viewed the ratio of the Th index to the Treg
index as a pro-inflammatory index, which indicated the relative
levels of the pro-inflammatory and anti-inflammatory potentials.
This pro-inflammatory index was significantly higher in both
COPD groups than in the controls, regardless of the manner by
which the data were adjusted (Figure 3B, C and D). Surprisingly,

PLOS ONE | www.plosone.org

the SCOPD patients had a significantly higher pro-inflammatory
index than that observed for either the AECOPD patients or the
healthy nonsmokers (Figure 3B, C and D).

CD25 and FoxP3 expression on CD8" T cells before and
after adjustment

In addition, the expression of CD25 and FoxP3 on the CD8" T
cells was determined to evaluate whether the results were consistent
with those obtained for the CD4" T cells (Figure 4). Although the
CD8" T cells had relatively low levels of CD25 and FoxP3, the
observed alterations in the subset distribution among the CD8" T
cells were similar to those of the CD4" T cells. Notably, the CD8" Al
in the patients with AECOPD was enhanced 3.18-fold relative to
that of the SCOPD subjects (5.24%0.89% vs 1.65%0.35%, P<<0.01)
(Figure 4B). However, the CD4" AT of the AECOPD group was only
1.74 times greater than that of the SCOPD group (17.50£1.32% vs
10.03%£1.42%, P<<0.01) (Figure 3B). These results indicate that the
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Figure 4. Expression of CD25 and FoxP3 on CD8" T cells before and after adjustment. Representative dot plots show the expression of
CD25 and FoxP3 on CD8" T cells in the peripheral blood obtained from a single subject from each group (A). The original values associated with CD25
and FoxP3 expressed on CD4'T cells in peripheral blood from healthy nonsmokers (n=20) and subjects with SCOPD (n=23) and AECOPD (n=21)
were comprehensively analyzed (B). To eliminate the mixed effects of inflammatory factors, we calculated the ratios of original values to TNF-a (C)
and IL-17 (D). The data are presented as the mean + SEM, unless otherwise stated. *p<<0.05 and **p<0.01. Activation index=CD8"CD25"/CD8"; Treg
percentage = CD8'CD25"FoxP3*/CD8"; Treg index=CD8'CD25"FoxP3*/CD8*CD25; Tc index=CD8"CD25FoxP3~/CD8'CD25"; Pro-inflammatory

index=Tc index/Treg index.
doi:10.1371/journal.pone.0111044.g004

. . + . .
increased reactivity of CD8" T cells was involved in acute
exacerbations.

Discussion

There are conflicting reports regarding various changes of
cytokine levels in COPD, and these systemic and local changes
may vary continuously as a reflection of disease severity. In
general, inflammation is characterized by the upregulation of both
pro-inflammatory and anti-inflammatory cytokines, including
different cytokine inhibitors and their soluble receptors [16]. In
this study, our results demonstrated that the concentrations of
cytokines such as TGF-f and IL-10, which have predominantly
anti-inflammatory effects, as well as pro-inflammatory cytokines,
such as TNF-a, IL-9 and IL-17, were significantly higher in serum
of the AECOPD patients compared with those in the SCOPD
patients and healthy controls. Interestingly, the serum of the
SCOPD subjects had even lower levels of certain cytokines than
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that observed in the serum of the controls, which suggested a
partial remission of the inflammatory condition during the stable
phase. Unfortunately, there were no significant differences in the
levels of TNT-a, IL-9 and IL-10 among the three groups after
adjustment using the representative inflammatory markers TINF-o
or IL-17. Therefore, the authors focused only on TGF-f and IL-
17 which still remained significant differences among the groups
remained even after adjustment.

High serum TGF-B levels are found in patients with COPD
[17,18], and TGF-B, as a critical factor of COPD, is expected to
become a treatment target of the disease [19]. In the present study,
the circulating levels of TGF-B in patients with AECOPD were
significantly greater than those observed in the other groups, both
before and after adjustment. What can we speculate from such
high levels of TGF-B in the peripheral blood of AECOPD
patients? Some investigators have demonstrated that TGF-B can
serve as a signal to suppress the immune response and
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inflammation [20]. However, it is not clear in the present study
why such a high concentration of TGF-f failed to adequately
suppress chronic inflammation.

One possibility is that the simple normalization to the TNF-o or
IL-17 concentrations provided an incomplete view of the overall
pro/anti-inflammatory state. Numerous pro-inflammatory and
anti-inflammatory cytokines may interact in the complex networks
associated with immune disorders. Alternatively, recent reports
have suggested that the TGF-f pseudoreceptor BMP- and activin-
membrane-bound inhibitor (BAMBI) can negatively regulate the
TGF-B signal by competing with other TGF-B receptors for
binding to TGF-B [21]. The expression of BAMBI could be
influenced by multiple factors; for example, TGF-f could
upregulate BAMBI, which would result in decreased effectiveness
of TGF-B. It has been reported that BAMBI is strongly expressed
in the lungs of patients with COPD and is regulated by hemophilic
influenza [22]. To the best of our knowledge, no previous studies
have focused on the function of BAMBI in lymphocytes. Our
preliminary experiment (unpublished data) showed that lympho-
cytes express BAMBI and that BAMBI could be regulated by
cigarette smoking extract (CSE). Therefore, further work is needed
to elucidate the abnormal TGF-B signaling pathway in patients
with COPD.

IL-17 is acknowledged to be a pro-inflammatory cytokine that is
mainly produced by Thl7 or Tcl7 cells [23]. This cytokine can
facilitate the proliferation of T cells and the expression of various
inflammatory mediators while, at the same time, enhancing
neutrophil chemotaxis. A study of mouse pulmonary epithelial
cells revealed that the overexpression of IL-17A induced COPD-
like pulmonary inflammation [24]. It has also been reported that
IL-17 and Th17 were increased in patients with COPD [15,25],
but these reports did not include the information required to
evaluate whether this increase was consistent with the degree of
inflammation. Our current study demonstrates that although IL-
17 levels in the peripheral blood derived from patients with
AECOPD were relatively increased, these levels unexpectedly
became significantly lower than that in the controls when the
authors eliminated the effects of TNF-o. The factors underlying
the limited production of IL-17 are therefore of interest.
Generally, in patients with AECOPD, the higher level of TGF-§
coupled with the increase in IL-6 [26,27] would intensely promote
the generation of IL-17 and Th17 cells [28,29]. Whether the high
levels of TGF-B suppressed the production of IL-17 or the high
expression of BAMBI prevented TGF-f and IL-6 from converting
naive CD4* T cells into Th17 cells remains to be explored in the
future. We believe that both internal and external environments
can affect individuals and that the combination of these effects
results in the refractory chronic inflammation.

As for the T cell subsets, considerable effort has been directed
toward the identification of their specific impact on patients with
COPD. From the results obtained so far, it seems that studies have
mainly concentrated on the influence of CD8* T cells [30,31,32],
but the contributions of these cells to the inflammatory pathway are
less clear. Animal studies have revealed a crucial role for these cells,
as indicated by the fact that CD8"* T cell-deficient (CD8—/—) mice
did not develop emphysema during long-term exposure to cigarette
smoke [32]. However, our present data found no significant
differences in the proportion of either CD4" or CD8* T cells
between the COPD groups and healthy controls.

The activation and differentiation of T cells can be character-
ized by the expression of CD25. The authors have noted that the
CD4 AI in the cells of the peripheral blood from each of the
COPD groups was higher than that of the healthy controls.
Furthermore, the AECOPD patients had significantly greater

PLOS ONE | www.plosone.org
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CD4 Al than the SCOPD patients. After adjustment for TNF-ot or
IL-17, however, the CD4 Al was still significantly greater in both
COPD groups. It has been shown that CD25, which is vitally
important to the delivery of IL-2 signals to Tregs, is strongly
expressed on CD4"CD25"FoxP3" Tregs and activated T cells
[33]. Enhanced levels of AI suggest that there was extensive
inflammation in the patients with COPD, especially the AECOPD
patients, which could irreversibly alter immune homeostasis.

It is still controversial whether Tregs are increased in COPD
[10,11,12]. Our present study demonstrated that patients with
AECOPD also had a significantly elevated percentage of CD4*
Tregs compared with those of the SCOPD patients and healthy
controls. Nevertheless, after correction for TNF-a or IL-17, the
Treg percentage did not show any significant differences between
the patients and controls, indicating that both TNF-o and IL-17
contributed to the differentiation of Tregs to some extent during
acute exacerbations. The authors hypothesize that Tregs prolif-
erate in a compensatory manner under the stimulation of pro-
inflammatory cytokines, although the levels of proliferation are not
enough to govern the burst of inflammation during an acute
exacerbation. Notably, the similar ratios of Tregs/IL-17 in all
groups contrasted with the reports by other investigators [6] that
demonstrated the existence of a Treg/Th17 imbalance in patients
with COPD.

Recently, researchers have observed that fresh pulmonary Tregs
prevented the proliferation of Th17 cells but not their capacity to
secrete IL-17, although there was no correlation between Tregs
and IL-17-producing cells [7]. Overall, the different experimental
conditions used in the literature make it difficult to draw consistent
conclusions regarding the relationship between Tregs and Th17
cells. However, our data demonstrated that the CD4" Treg index
(namely the differentiation rate for the Tregs) was lower in both
COPD groups than in the controls regardless of adjustment [34].
Combining previous concepts developed by others [6,12] with the
results of this study, the authors hypothesize that although acute
inflammation may be the main stimulator that promotes the
development of Tregs, the anti-inflammatory properties could not
provide essential protection to the body from an overactivated
immune response. Given that TGF-B acts as a necessary promoter
of Tregs [20], it was puzzling that the high TGF-f levels did not
induce more Tregs. Unfortunately, the authors could not further
determine the mechanism for the deficiency of Tregs in the
context of the extensive increase of TGF-B. As noted above, it is
possible that BAMBI was partially involved.

Similarly, to describe pro-inflammatory power, the authors
defined the ratio of CD4*CD25FoxP3~/CD4*CD25" as the Th
index. According to this definition, we speculate that the Th index
changed inversely with the trend of the CD4" Treg index.
Obviously, both COPD groups had significantly greater Th
indices in contrast to the decreased Treg indices in the control
group.

In addition, the authors viewed the ratio of the Th index to the
Treg index as a pro-inflammatory index, which indicated the
balance between the pro-inflammatory and anti-inflammatory
factors. Independent of the method used to adjust the data, the
pro-inflammatory indices were significantly higher in both COPD
groups than those in the controls, which suggested activated
inflammation in COPD. Because the healthy controls had no
smoking history, the authors were unable to confirm whether the
discrepancy was directly correlated with disease or was simply
linked directly to the number of pack-years. However, the SCOPD
patients had a significantly greater pro-inflammatory index than
that of either the AECOPD patients or the healthy nonsmokers.
These complex results implied there was an activated inflamma-
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tory response and fewer compensatory Treg proliferation during
the stable stage.

Our latest research reported that after treatment with a
muscarinic cholinergic receptor antagonist (Tiotropium), the
CD8" Treg index was significantly increased in patients with
SCOPD ([34]. Thus further experiments were performed to
determine whether the expression of CD25 and FoxP3 on CD8* T
cells was consistent with the effects observed in CD4" T cells.
Although CD8" T cells have relatively low levels of CD25 and
FoxP3, the alterations in the subset distribution among the CD8*
T cells were similar to those of the CD4 T cells. The authors noted
that when compared with SCOPD group, the CD8 Al in the
patients with AECOPD displayed a greater enhancement than the
CD4 Al (3.18-fold vs 1.74-fold). To some extent, the observation
that overactivated CD8" T cells are involved in acute exacerba-
tions was consistent with previous research [30,31].

In a healthy individual, CD4 and CD8 Tregs appear to expand
and contract in parallel with conventional T cells during a primary
immune response and exceed the quantity of conventional T-cell

References

1. Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, et al. (2007) Global strategy
for the diagnosis, management, and prevention of chronic obstructive
pulmonary disease: GOLD executive summary. Am J Respir Crit Care Med
176: 532-555.

2. Smolonska J, Wijmenga C, Postma DS, Boezen HM (2009) Meta-analyses on
suspected chronic obstructive pulmonary disease genes: a summary of 20 years’
research. Am J Respir Crit Care Med 180: 618-631.

3. Tuder RM, Janciauskiene SM, Petrache I (2010) Lung disease associated with
alphal-antitrypsin deficiency. Proc Am Thorac Soc 7: 381-386.

4. MacNee W (2005) Pulmonary and systemic oxidant/antioxidant imbalance in
chronic obstructive pulmonary disease. Proc Am Thorac Soc 2: 50-60.

5. Cosio MG, Saetta M, Agusti A (2009) Immunologic aspects of chronic
obstructive pulmonary disease. N Engl ] Med 360: 2445-2454.

6. Lane N, Robins RA, Corne J, Fairclough L (2010) Regulation in chronic
obstructive pulmonary disease: the role of regulatory T-cells and Th17 cells. Clin
Sci (Lond) 119: 75-86.

7. Pridgeon C, Bugeon L, Donnelly L, Straschil U, Tudhope SJ, et al. (2011)
Regulation of IL-17 in chronic inflammation in the human lung. Clin Sci (Lond)
120: 515-524.

8. Mai J, Wang H, Yang XF (2010) Th 17 cells interplay with Foxp3+ Tregs in
regulation of inflammation and autoimmunity. Front Biosci (Landmark Ed) 15:
986-1006.

9. Tang Q, Bluestone JA (2008) The Foxp3+ regulatory T cell: a jack of all trades,
master of regulation. Nat Immunol 9: 239-244.

10. Xiong XZ, Jin Y, Zhou Q, Zhang XJ, Du W, et al. (2008) [Correlation between
FoxP3(+) regulatory T cells and chronic obstructive pulmonary disease].
Zhonghua Yi Xue Za Zhi 88: 471-474.

11. Smyth L], Starkey C, Vestbo J, Singh D (2007) CD4-regulatory cells in COPD
patients. Chest 132: 156-163.

12. Isajevs S, Taivans I, Strazda G, Kopeika U, Bukovskis M, et al. (2009) Decreased
FOXP3 expression in small airways of smokers with COPD. Eur Respir J 33:
61-67.

13. Plumb J, Smyth LJ, Adams HR, Vestbo ], Bentley A, et al. (2009) Increased T-
regulatory cells within lymphocyte follicles in moderate COPD. Eur Respir J 34:
89-94.

14. Kuchroo VK, Awasthi A (2012) Emerging new roles of Thl7 cells.
Eur J Immunol 42: 2211-2214.

15. Di Stefano A, Caramori G, Gnemmi I, Contoli M, Vicari C, et al. (2009) T
helper type 17-related cytokine expression is increased in the bronchial mucosa
of stable chronic obstructive pulmonary disease patients. Clin Exp Immunol 157:
316-324.

16. Wouters EF (2005) Local and systemic inflammation in chronic obstructive
pulmonary disease. Proceedings of the American Thoracic Society 2: 26-33.

17. Hodge SJ, Hodge GL, Reynolds PN, Scicchitano R, Holmes M (2003) Increased
production of TGF-beta and apoptosis of T lymphocytes isolated from
peripheral blood in COPD. Am J Physiol Lung Cell Mol Physiol 285: 1.492
L.499.

18. Mak JC, Chan-Yeung MM, Ho SP, Chan K8, Choo K, et al. (2009) Elevated
plasma TGF-betal levels in patients with chronic obstructive pulmonary disease.

Respir Med 103: 1083-1089.

PLOS ONE | www.plosone.org

Regulatory T Cells in COPD Patients

subsets at the peak of the immune response [35]. Once the antigen
is cleared, the Treg pool in vivo may control an ongoing primary
immune response to resolve immune activity [35]. In contrast,
COPD patients fail to carry out the normal regulation described
above. In summary, our study reveals that in patients with
SCOPD, especially in those with AECOPD, the pro-inflammatory
responses are enhanced, but only limited anti-inflammatory
responses occur, and these systemic alterations may have a
complicated effect on local pulmonary changes. A better
understanding of these immunological mechanisms will create
opportunities for the development of new therapeutic strategies in
disease states.

Author Contributions

Conceived and designed the experiments: XZX Y] YW. Performed the
experiments: GC LC MQZ LD. Analyzed the data: Y] YW GC LC MQZ
LD. Contributed reagents/materials/analysis tools: XZX JCZ JBX. Wrote
the paper: XZX Y] YW.

19. Konigshoff M, Kneidinger N, Eickelberg O (2009) TGF-beta signaling in
COPD: deciphering genetic and cellular susceptibilities for future therapeutic
regimen. Swiss Med Wkly 139: 554-563.

20. Tran DQ (2012) TGF-beta: the sword, the wand, and the shield of FOXP3(+)
regulatory T cells. J Mol Cell Biol 4: 29-37.

21. Onichtchouk D, Chen YG, Dosch R, Gawantka V, Delius H, et al. (1999)
Silencing of TGF-beta signalling by the pscudoreceptor BAMBI. Nature 401:
480-485.

22. Dromann D, Rupp J, Rohmann K, Osbahr S, Ulmer A]J, et al. (2010) The TGF-
beta-pseudoreceptor BAMBI is strongly expressed in COPD lungs and regulated
by nontypeable Haecmophilus influenzae. Respir Res 11: 67.

23. Chang SH, Dong C (2011) Signaling of interleukin-17 family cytokines in
immunity and inflammation. Cell Signal 23: 1069-1075.

24. Park H, Li Z, Yang XO, Chang SH, Nurieva R, et al. (2005) A distinct lineage of
CD4 T cells regulates tissue inflammation by producing interleukin 17. Nat
Immunol 6: 1133-1141.

25. Doe C, Bafadhel M, Siddiqui S, Desai D, Mistry V, et al. (2010) Expression of
the T helper 17-associated cytokines IL-17A and IL-17F in asthma and COPD.
Chest 138: 1140-1147.

26. Grubek-Jaworska H, Paplinska M, Hermanowicz-Salamon J, Bialek-Gosk K,
Dabrowska M, et al. (2012) IL-6 and IL-13 in induced sputum of COPD and
asthma patients: correlation with respiratory tests. Respiration 84: 101-107.

27. van Durme YM, Lahousse L, Verhamme KM, Stolk L, Eijgelsheim M, et al.
(2011) Mendelian randomization study of interleukin-6 in chronic obstructive
pulmonary disease. Respiration 82: 530-538.

28. Manel N, Unutmaz D, Littman DR (2008) The differentiation of human T(H)-
17 cells requires transforming growth factor-beta and induction of the nuclear
receptor RORgammat. Nat Immunol 9: 641-649.

29. Volpe E, Servant N, Zollinger R, Bogiatzi SI, Hupe P, et al. (2008) A critical
function for transforming growth factor-beta, interleukin 23 and proinflamma-
tory cytokines in driving and modulating human T(H)-17 responses. Nat
Immunol 9: 650-657.

30. O’Shaughnessy TC, Ansari TW, Barnes NC, Jeffery PK (1997) Inflammation in
bronchial biopsies of subjects with chronic bronchitis: inverse relationship of
CD8+ T lymphocytes with FEV1. Am J Respir Crit Care Med 155: 852-857.

31. Saectta M, Di Stefano A, Turato G, Facchini FM, Corbino L, et al. (1998) CD8+
T-lymphocytes in peripheral airways of smokers with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 157: 822-826.

32. Maeno T, Houghton AM, Quintero PA, Grumelli S, Owen CA, et al. (2007)
CDB8+ T Cells are required for inflammation and destruction in cigarette smoke-
induced emphysema in mice. J Immunol 178: 8090-8096.

33. Letourneau S, Krieg C, Pantaleo G, Boyman O (2009) IL-2- and CD25-
dependent immunoregulatory mechanisms in the homeostasis of T-cell subsets.
J Allergy Clin Immunol 123: 758-762.

34. Zhang J, Deng L, Xiong X, Wang P, Xin J, et al. (2011) Effect of tiotropium
bromide on expression of CD(8) (+)CD (25) (+)FoxP (3) (+) regulatory T cells in
patients with stable chronic obstructive pulmonary disease. J Huazhong Univ
Sci Technolog Med Sci 31: 463-468.

35. Haribhai D, Lin W, Relland LM, Truong N, Williams CB, et al. (2007)
Regulatory T cells dynamically control the primary immune response to foreign
antigen. J Immunol 178: 2961-2972.

October 2014 | Volume 9 | Issue 10 | e111044



