ORIGINAL ARTICLE | :1525?11/7(13(22;%/;(%:gg%ggizgf((())grﬁine)-Tuberc Respir Dis 2020;83 Supple 1:525-533 A
trd<

The Role of Granzyme B Containing Cells
in the Progression of Chronic Obstructive

Pulmonary Disease .

Won-Dong Kim, M.D.'®, Hyun-Sook Chi, M.D.?, Kang-Hyeon Choe, M.D.’, Woo-Sung Kim, M.D.},
James C. Hogg, M.D." and Don D. Sin, M.D.*

Departments of 'Pulmonary and Critical Care Medicine and “Laboratory Medicine, Asan Medical Center, University of Ulsan
College of Medicine, Seoul, "Department of Internal Medicine, Chungbuk National University College of Medicine, Cheongju,
Republic of Korea, “The James Hogg iCAPTURE Center for Cardiovascular and Pulmonary Research, St. Paul's Hospital,
University of British Columbia, Vancouver, British Columbia, Canada

Background: Lung inflammation plays a vital role in the pathogenesis of chronic obstructive pulmonary disease (COPD),
but the characteristics of the inflammatory process remain unclear. There is growing interest in the role of granzyme B
(GzmB) because CD8" T cells can induce apoptosis of target cells by releasing GzmB, which in turn may cause tissue
injury and remodeling. However, GzmB is also expressed by regulatory cells, which are able to suppress CD8" T cell. The
role of GzmB' cells needs to be defined in COPD.

Methods: GzmB" and CD8" cells on alveolar wall of surgically resected lungs of microscopically classified 12 non-
smoking control, 12 panlobular emphysema (PLE) and 30 centrilobular emphysema (CLE) subjects were localized
by immunohistochemical method. Positively stained cells on alveolar wall were counted and length of corresponding
alveolar wall was measured. The results were expressed as mean number of positively stained cells per mm of alveolar
wall in each subject.

Results: The number of GzmB" and CD8" cells on alveolar wall of CLE was greater than that of control or PLE subjects
(p<0.05 and p<0.001, respectively). There was a positive relationship between the number of alveolar GzmB™ cells and
forced expiratory volume in 1 second (FEV,) (r=0.610, p=0.003) in CLE subjects. The number of alveolar GzmB" cells
progressively decreased with decline of FEV,.

Conclusion: Our finding that number of alveolar GzmB" cells was associated with FEV, suggests that GzmB" cells might
have protective role in the progression of lung destruction and airflow limitation in CLE, which is the predominant
emphysema subtype of COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a com-
mon, preventable and treatable disease that is characterized
by persistent respiratory symptoms and airflow limitation that
is due to airway and/or alveolar abnormalities usually caused
by significant exposure to noxious particles or gases'. COPD
is a leading cause of morbidity and mortality worldwide that
is associated with significant economic and social burden,
which are both substantial and increasing. Tobacco smoking
is the most important causative factor, but the marked vari-
ability in lung function in people with similar cigarette smok-
ing histories suggests an important role for genetics and other
factors in COPD.

Lungs from patients with COPD are characterized by in-
flammatory cellular infiltration and remodeling of small air-
ways with thickening of their walls and narrowing of their lu-
men. The histological features associated with these changes
include inflammatory cell infiltration of the alveolar walls, as
well as destruction and enlargement of air spaces beyond the
terminal bronchioles. The mixture of small airway obstruction
and parenchymal destruction of emphysema contributes to
airflow limitation in COPD".

It is well accepted that lung inflammation plays an im-
portant role in the pathogenesis of COPD, but the type of
inflammatory cells that participate in this destruction remains
unclear. It was reported that smokers who develop chronic
airflow limitation have an increased number of CD8" T lym-
phocytes in the peripheral airways’, supporting the important
role of CD8" T lymphocyte in the pathogenesis of COPD. An

increase in apoptosis of airway epithelial cell has also been
suggested to contribute to COPD pathogenesis”. The role of
granzyme B (GzmB) was proposed’, because CD8' T cells are
able to induce apoptosis of target cells by releasing GzmB and
non-specifically released GzmB may accumulate in the extra-
cellular milieu, leading to tissue destruction and parenchymal
remodeling”. Indeed, GzmB levels as well as T cells expressing
GzmB are increased in bronchoalveolar lavage (BAL) fluid of
COPD patients’. However, to our knowledge, the localization
of GzmB’ cells on the alveolar wall has not been reported in
emphysema. On the other hand, GzmB has been shown to
be expressed in not only CD8" T cells, but also in many other
cells such as regulatory cells’, which are able to suppress CD8’
T cells.

The role of alveolar GzmB" cells in centrilobular emphy-
sema, which is an important component of COPD is largely
unknown. In this study, we explored the role of GzmB" cells in
the process of lung destruction by determining the number of
alveolar GzmB' cells according to the degree of airflow limita-
tion in anatomically documented centrilobular emphysema-
tous lungs.

Materials and Methods

1. Patient population and specimens

The study group consisted of 12 nonsmoker subjects who
had normal spirometry and did not demonstrate any micro-
scopic evidence of emphysema in their lungs, and 42 subjects
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with microscopic emphysema, including 12 with pure pan-
lobular emphysema (PLE) without a1-antitrypsin deficiency
and 30 with pure centrilobular emphysema (CLE). Speci-
mens were obtained from two groups of subjects: 27 Asian
(6 control, 6 PLE, and 15 CLE subjects) from Asan Medical
Center, Seoul, Korea and 27 Caucasian (6 control, 6 PLE, and
15 CLE subjects) from St. Paul’s Hospital, Vancouver, Canada,
who underwent lung resection surgery for lung tumor or
lung transplantation. All subjects gave informed consent for
their participation in the study. The protocol was approved
by the Institutional Review Board of the Asan Medical Center
(IRB No. 2006-0218) and the University of British Columbia/
Providence Health Care Research Ethics Board (IRB No. HO7-
00211).

Table 1. Clinical characteristics of study subjects

2. Histologic analysis

The lungs were processed for histological examination and
emphysema was diagnosed based on the microscopic criteria
as previously described”". The diagnosis of PLE was made
when secondary lobules were homogeneously enlarged from
the center to the periphery. Microscopic CLE was diagnosed
when sharply demarcated emphysematous spaces, separated
from the acinar periphery by intact alveolar ducts and sacs of
normal size, were observed. Mean linear intercept (Lm) was
measured and the coefficient of variation (CV) (standard de-
viation/mean) of interalveolar wall distances was determined
to define the uniformity of lung enlargement in PLE and non-
uniformity in CLE.

A rabbit polyclonal antibody anti-GzmB (Cell Marque,

Nonsmoker control PLE CLE p-value
No. of subjects 12 12 30
Demographic characteristics
Age, yr 53.1+15.8 60.6£7.0 68.3+7.7 0.063
Male sex 5 6 23
Smoking status
Nonsmoker 12 2 1
Ex-smoker 0 7 10
Current smoker 3 19
Amount, pack-years 0 28.9+20.0 46.6+26.9 0.001
Functional characteristics
GOLD stage
Unclassified 0 1 2
0 12 3 12
1 0 2 6
2 0 3 5
3 0 0 3
4 0 3 2
FEV,/FVC, % 80.615.2 59.7+19.3 65.9+14.8 0.001
FEV,, % of predicted 98.5+11.8 69.6£33.3 77.1£24.0 0.010
DL, % of predicted 105.3+27.1 84.3+35.1 80.8+30.4 0.023
TLC, % of predicted 101.6£31.5 113.8+20.7 110.4+15.3 0.424
RV, % of predicted 115.1+24.2 136.5+£39.3 129.8+46.9 0.399

Values are presented as mean+SD or number.

GOLD stages are defined as follow: unclassified (FEV,/FVC=0.70, FEV, <80% of predicted value), GOLD stage 0 (FEV,/FVC=>0.70, FEV,>80%
of predicted value), GOLD stage 1 (FEV,/FVC<0.70, FEV,>80% of predicted value), GOLD stage 2 (FEV,/FVC<0.70, FEV <80%, but>50% of
predicted value), GOLD stage 3 (FEV,/FVC<0.70, FEV,<50%, but >30% of predicted value), and GOLD stage 4 (FEV,/FVC<0.70, FEV,<30% of
predicted value).

PLE: panlobular emphysema; CLE: centrilobular emphysema; GOLD: Global Initiative for Chronic Obstructive Lung Disease; FEV: post-
bronchodilator forced expiratory volume in 1 second; FVC: forced vital capacity; DL,,: diffusing capacity for carbon monoxide; TLC: total lung
capacity; RV: residual volume; SD: standard deviation.

www.e-trd.org https://doi.org/10.4046/trd.2020.0089 S27



t d& Tuberculosis and
r Respiratory Diseases

WD Kim et al.

Rocklin, CA, USA) and a monoclonal mouse antibody anti-
human CD8 (DakoCytomation, Glostrup, Denmark) were
used to identify GzmB' (Figure 1A) and CD8’ cells (Figure 1B)
on alveolar wall, respectively. Inmunostaining was performed
using an automated immunostaining device BenchMark
(Ventana Medical Systems Inc., Tucson, AZ, USA).

Positively stained cells on alveolar wall were counted and
the length of corresponding alveolar wall was measured using
digitally generated images at a magnification of x400 with Im-
age Pro Plus digital-image-analysis software (Media Cybernet-
ics, Inc,, Silverspring, MD, USA). At least 30 randomly selected
fields were examined for each subject by choosing every 5th
field in the microscopic images. The arithmetic mean of the
measured length of alveolar walls was 12.6+1.0 mm per sub-
ject. The results were expressed as mean number of positively
stained cells per mm of alveolar wall in each subject. Mea-
surement of volume fraction (Vv) of GzmB* and CD8" cells in
small airway wall of the study subjects were reported in the
previously published paper".

3. Statistical analysis

Results are expressed as meanzstandard deviation. The
nonparametric Kruskal-Wallis test was used to evaluate sig-
nificant differences among the groups; when significance was
found, post hoc testing between groups was performed using
the nonparametric Mann-Whitney test. The correlation be-
tween the variables was determined with the use of nonpara-
metric Spearman’s rank correlation. All statistical analyses
were performed using GraphPad Prism version 5.04 software
(GraphPad Software, Inc., La Jolla, CA, USA). p<0.05 was con-
sidered significant.

Results

1. Clinical characteristics of study subjects and
morphometric data of their lung tissues

Clinical characteristics of the subjects, including the results
of pulmonary function tests, are presented in Table 1. All sub-
jects with emphysema were smokers, except one CLE and two
PLE subjects. PLE subjects had fewer pack-years of smoking
compared to CLE, probably because of two nonsmokers and
a relatively high proportion of ex-smokers in the PLE group.
CLE and PLE subjects had lower post bronchodilator forced
expiratory volume in 1 second (FEV,) (p<0.005 and p<0.05,
respectively) and FEV,/forced vital capacity (p<0.001 and
p<0.005, respectively) compared to control subjects.

Morphometric data of lung tissues of the study subjects
are presented in Table 2. Lm was greater in CLE (p<0.001)
and PLE (p<0.03) compared to that in control subjects. CV
(standard deviation/mean) of interalveolar wall distances
was higher in CLE compared to that in control (p<0.001) or
PLE subjects (p<0.005), providing objective evidence of non-
uniform enlargement of alveolar wall in CLE. Small airway
wall thickness was greater in CLE compared to that in control
subjects (p<0.001).

2. Number of alveolar GzmB" and CD8" cells in study
subjects

CLE had greater numbers of GzmB" (p<0.05, respectively)
(Figure 2A) and CD8' cells (p<0.001, respectively) (Figure 2B)
compared to control or PLE subjects (Table 2).

Table 2. Morphometric characteristics of lung tissues of study subjects

Nonsmoker control PLE CLE p-value

No. of subjects 12 12 30
Lm, mm 0.191+0.046* 0.275+0.095 0.274+0.055 0.002
CV of TAWD 0.281+0.068 0.319+0.182 0.517+0.198" 0.001
Airway wall thickness, mm 0.0630.017 0.0790.029 0.093+0.021° 0.002
Small airway wall

Vvof CD8’ cells, % 1.09+0.47 1.32+0.46 2.14+0.50 0.001

Vv of GzmB’ cells, % 1.26+0.60 1.24+0.65 2.74£1.10 0.001
Alveolar wall

CD8’ cells/mm 1.69+1.59 2.03+2.76 7.70+3.37° 0.001

GzmB' cells/mm 2.97+291 2.69+3.05 5.18+3.39' 0.016

Values are presented as mean=SD.

*p<0.03 vs. PLE and CLE subjects. 'p<0.005 vs. control and PLE subjects. p<0.001 vs. control subjects. *p<0.001 vs. control and PLE subjects.

'p<0.05 vs. control and PLE subjects.

PLE: panlobular emphysema; CLE: centrilobular emphysema; Lm: mean linear intercept; CV: coefficient of variation; IAWD: interalveolar wall

distance; Vv: volume fraction; GzmB: granzyme B.
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Figure 2. Number of alveolar GzmB' (A) and CD8' cells (B) in study subjects. (A) Alveolar GzmB' cells in CLE are significantly greater than
that in control or PLE subjects. (B) Number of alveolar CD8' cells in CLE are also significantly greater than that in control or PLE subjects.
Correlations between number of alveolar GzmB' cells and FEV, (C) and number of alveolar CD8" cells and FEV, (D) in CLE subjects. Positive
relationship between number of alveolar GzmB" cells and FEV, (C) and no relationship between number of alveolar CD8’ cells and FEV, (D)
in CLE subjects. CLE: centrilobular emphysema; FEV;: postbronchodilator forced expiratory volume in 1 second; GzmB: granzyme B; PLE:

panlobular emphysema.

3. Relationships of alveolar GzmB" and CD8" cells with
FEV, in CLE subjects

The correlation between the number of alveolar GzmB*
cells and FEV, was significant (r=0.610, p<0.001) (Figure 2C).
However, that between the number of alveolar CD8" cells and
FEV, was not significant (r=0.016, p=0.932) (Figure 2D).

4. Number of alveolar GzmB" and CD8" cells according
to severity of airflow limitation in CLE subjects

The subjects with FEV, 80% or above had higher numbers
of GzmB’ cells compared to subjects with FEV, below 80%
(p<0.005) (Figure 3A), indicating alveolar GzmB' cells were in-
creased in subjects with preserved FEV,. The number of CD8"
cells was not significantly different between the two groups
(p>0.05) (Figure 3B).

www.e-trd.org https://doi.org/10.4046/trd.2020.0089

5. Relationship between number of alveolar GzmB*
cells and volume fraction of those cells in the small
airway wall in CLE subjects

The correlation between the number of alveolar GzmB’
cells and volume fraction of those cells in the small airway
wall was significant (r=0.659, p<0.001) (Figure 3C), suggest-
ing a possible role of GzmB’ cells in the progression of both
emphysema and small airway disease in CLE subjects, but
this relationship was not significant for CD8" cells (r=-0.022,
p=0.906) (Figure 3D).

Discussion

In the present study we demonstrated that the number of
GzmB’ cells on the alveolar wall of subjects with CLE is direct-

S29



t d& Tuberculosis and
r Respiratory Diseases

WD Kim et al.

A : p<0.005
£ e
i [}
% 10 ol
3 . °
‘m 0 ®
‘e %
§ . .
O
a 54 [ Y
g o ®o°
< 'O oo
) ... ®
0 o . .
<80% >80%
FEV, (% predicted)
c
°®
g 107 ¢ °
cg o o o °
o i .
= °
2 97 o o o r=0.659
g °® ° p<0.001
= oo ® e
L )
o. e °
O T T T 1
0 2 4 6

Vv of GzmB" cells in small airway wall (%)

B
20~ p>0.05
[ ]
£
£ 151
B [ ]
T ° *
o [ ]
B 101 °
3]
o [ ) —..—'—
% —.l_..— °.o.o.
(0] [ ) [ ]
> 5 (X}
< X
° [ ]
0 T 1
<80% >80%
FEV, (% predicted)
207 r=-0.022
° p=0.906
g 15 - o
[72])
T ° ¢
o °
& 10 °
)
5 " % e °
S ® o
2 5 oo o
< °
°
° o ® .‘
0 T T T 1
0 1 2 3 4

Vv of CD8" cells in small airway wall (%)

Figure 3. Number of GzmB™ (A) and CD8" cells (B) in study subjects with FEV, below 80% predicted and those with FEV, 80% or above in
CLE subjects. (A) Significantly higher number of alveolar GzmB" cells in subjects with FEV, 80% or above than those with FEV, below 80% in
CLE subjects. (B) No difference in number of alveolar CD8" cells between the two groups. Correlations between number of alveolar GzmB*
cells and volume fraction of those cells in small airway wall (C) and correlations between number of alveolar CD8" cells and volume fraction
of those cells in small airway wall (D) in CLE subjects. (C) Positive relationship between number of alveolar GzmB" cells and volume fraction
of those cells in small airway wall, suggesting common associated role of GzmB’ cells in emphysema and small airway disease in CLE sub-
jects. (D) No relationship between number of alveolar CD8" cells and volume fraction of those cells in small airway wall. CLE: centrilobular
emphysema; FEV : postbronchodilator forced expiratory volume in 1 second; GzmB: granzyme B; Vv: volume fraction.

ly related to FEV,. We also showed that alveolar GzmB™ and
CD8 cells are present in greater numbers in CLE compared
with those in control or PLE lungs. Notably, on dual staining
for GzmB and CD8, not all GzmB™ cells were CD8 positive and
not all CD8’ cells were GzmB positive (Figure 1C, D).

COPD is not a single disease entity and pathologically it con-
sists of emphysema and small airway disease. CLE is the most
common subtype of emphysema in COPD'"** and this type of
emphysema is associated with small airway disease *'**".

A few morphologic studies""" have attempted to directly
describe the nature of inflammatory cells on the alveolar
wall of emphysema, where actual lung destruction occurs.
Increased number of CD8 cells on alveolar wall was reported
in emphysema, but the numbers of natural killer cell, which
is another source of GzmB, were not increased in this study”.
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Apoptosis induced by cytolytic function of CD8" T cell was
suggested as one of the mechanisms for lung destruction.

The role of autoimmunity in the pathogenesis of COPD is
increasingly recognized". It was suggested that CD8" T cells
are recruited upon tobacco-modified self-antigenic stimula-
tion and activated to become GzmB" cells in the pathogenesis
of COPD. The present result demonstrating increased number
of CD8" T cells in CLE suggests involvement of these cells in
lung destruction. However, localization of GzmB™ cell, which
is a marker of activated cytolytic CD8" T cell, on the alveolar
wall of emphysema has not been reported and actual role of
GzmB' cellin COPD is not known.

The present study showed a higher number of alveolar
GzmB~ cells in mild emphysema and a lower number of
GzmB' cells in severe one. This trend was also present in vol-
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ume fraction of GzmB' cells in the small airway wall of CLE
subjects'. In addition, lung tissue expression of GzmB was
also positively correlated with FEV, in smokers'’. With this
result we were not certain whether GzmB™ cells are effector
of cytolysis in the pathogenesis of emphysema or controllers
over the effector CD8" T cells that cause tissue damage in
these emphysema subjects.

In a previous report'’, we found that cases with mild airflow
limitation may represent early stages of CLE, therefore they
demonstrated increased volume fraction of GzmB" cells for
active cytolytic function in the small airway wall. However, in
order to explore the role of GzmB’ cells as an effector of cytol-
ysis, identification of GzmB™ CD8' T cell in early stages of lung
destruction would be necessary. To our knowledge, no such
study has been reported in early COPD subjects.

It was shown that only recently activated CD8" T cells are
capable of GzmB production”. In chronic infections and can-
cer, T cells are exposed to persistent antigen and/or inflam-
matory signals and T cell is exhausted to manifest progressive
loss of effector functions™. This fact suggests that GzmB con-
taining cells in “‘old” COPD subjects may not necessarily be
CD8' T cells. Consistent with this notion, we showed that not
all GzmB™ cells were CD8 positive and not all CD8" cells were
GzmB positive on dual staining. Additionally, the previously
reported result showed that volume fraction of GzmB" cells
(2.70+£1.08%) was greater than that of CD8" cells (2.02+0.56%)
in the small airway wall of the same CLE subjects (p=0.006)"".

Regulatory T (Treg) cells play a crucial role in maintaining
peripheral tolerance and preventing autoimmunity. It was
reported that COPD patients had fewer BAL fluid Treg cells
than healthy smokers and it was hypothesized that an insuf-
ficient number of regulatory T cells to CD8" T cell ratio may
contribute to COPD™. Significantly fewer Treg cells were pres-
ent in the resected lungs of subjects with emphysema relative
to control subjects®. COPD subjects showed decreased Treg
cells in BAL fluid and they displayed positive correlations with
FEV,*. Immunohistochemical study of lung tissue of resected
lungs also showed decreased number of Treg cells in the
small airways of COPD and they positively correlated with
FEV,”.

GzmB was not expressed in naive Treg cells, but was highly
expressed in Treg cells in the tumor environment in animal
study™. It was found that tumor cells induced GzmB expres-
sion in Treg cells, which in turn utilized GzmB to suppress
tumor clearance mediated by CD8" T cells. In human endo-
metrial carcinoma, Treg cells in the tumor microenvironment
can express significantly higher levels of GzmB. GzmB was
rarely expressed by CD8" T cell-derived tumor-infiltrating
lymphocytes®. One of mechanisms by which Treg cells con-
trol the immune response is by inhibiting cytolysis of effec-
tor cell through the production of granzymes®. In an animal
study, depletion of Treg cells before respiratory syncytial virus
challenge led to a marked increase in the influx of inflamma-

www.e-trd.org https://doi.org/10.4046/trd.2020.0089

tory cells into the lung, and boosting Treg numbers reduced
pathology. The ability of Treg cells to regulate lung inflamma-
tion depended on their ability to produce GzmB®. In addition
to Treg cells, human plasmacytoid dendritic cell (pDC) can
be an abundant source of GzmB and GzmB’ pDC potentially
suppresses T-cell proliferation in a GzmB-dependent man-
ner”. Also it was reported that the microenvironment of vari-
ous solid tumors includes B cells that express GzmB, which
suppress T-cell proliferation by GzmB-dependent degrada-
tion of the T-cell receptor”. Because Treg cell, pDC and B cell
are known to modulate T effector cells by a GzmB-dependant
mechanism, it was hypothesized that GzmB may be a com-
mon effector molecule of human regulatory cells in general™.
Together, these findings raise the possibility that most of al-
veolar GzmB’ cells in the present older emphysema subjects
could be GzmB expressing regulatory cells.

The finding of higher numbers of alveolar GzmB" cells in
older CLE subjects with relatively preserved FEV; in the pres-
ent study suggests that greater GzmB expressing regulatory
cells might have suppressed more effector T cells, resulting in
less lung destruction and relative preservation of lung func-
tion in these CLE subjects.

GzmB is a common mediator for CD8" effector T cell and
regulatory cells which suppress effector T cell; therefore,
GzmB may play a dual opposing role in target cell destruction.
It was reported that in immune surveillance, GzmB, the most
potent cytotoxic molecules, act mainly as an antitumoral and
anti-infectious factor, but when expressed by immune regula-
tory cells they may contribute to immune evasion of specific
cancer types’".

Although GzmB" CD8" T cell is presumed to have a role as
an effector cell in early stages of COPD, it remains a mystery
as to how very low GzmB in CD8" effector T cell can exert
a cytolytic function. It is known that CD8" T lymphocytes
express both GzmB and granzyme A (GzmA), but Treg cells
induce expression of GzmB only”. Although there are several
mechanisms by which CD8" effector T cells exert cytotoxic ac-
tion, there was a report that CD8" T cells lacking GzmB retain
cytotoxic activity through the action of the GzmA in an animal
study™. Also it was reported that in the lungs of very severe
COPD subjects who underwent lung transplantation, bronchi-
olar epithelium stained positive for GzmA, but not for GzmB
and intense staining for GzmA in type Il pneumocytes™. This
extracellularly released GzmA suggests the finding that GzmA
pathway is activated and GzmA is resultantly leaked out. Thus
the low alveolar GzmB'" cells in severe CLE observed in the
present study might have played reduced suppressive action
on effector CD8" T cells, which in turn may have enhanced
cytolytic effector T cell function through GzmA pathway, re-
sulting in increased lung damage. However, it is not known
what causes low GzmB in severe COPD. One possibility is that
GzmB related genetic influence modulates GzmB at the cel-
lular level, but further study is needed to validate the reason.
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We posit that the role of alveolar CD8" T and GzmB™ cells
in the pathogenesis and progression of emphysema is differ-
ent in CLE compared with PLE. We observed an increase in
alveolar CD8" T and GzmB’ cells in CLE (a tobacco-related
emphysema) compared with control or PLE lungs. Although
naive, quiescent T cells cannot egress directly from blood
into lung parenchyma, activated T cells by antigen-bearing
dendritic cells can be drawn into lung tissue®. It should be
noted that cytolytic T cell and Treg cell activation is antigen-
specific. Thus, we speculate that these cells play an important
role in the pathogenesis of CLE but not PLE. In contrast to
CLE, whose emphysematous lesions are small and discrete,
PLE lungs show diffuse emphysematous changes throughout
the secondary lobules. PLE may be driven by an imbalance
in the proteolytic-antiproteolytic enzymatic activity in the al-
veolar units and thus may be less dependent on T cell biology
or cell-mediated pathology. Therefore CLE and PLE are likely
different diseases even though clinically they ultimately lead
to airflow limitation. Future research study on COPD should
be done according to the subtypes of emphysema. This
study showed that some mild emphysema cases can have no
airflow limitation even though they have definite anatomic
emphysema on microscopic examination. Also it is notable
that GzmB'" cell might have common associated role in the
progression of both emphysema and small airway disease in
CLE.

There are several limitations to the study. We included both
Asian and Caucasian subjects, which might have introduced
confounding by ethnicity, but there were no differences in
the number of alveolar GzmB"™ and CD8" cells between the
two races in control and PLE subjects. The recruited number
of study subjects was not large enough to validate the results,
but it was due to innate complexity of morphometric study
of human lungs to be performed. Another limitation was that
this study was cross-sectional. Further, although the age dis-
tribution of mild and severe emphysema subjects was not sig-
nificantly different, we did not have accurate information on
the duration or intensity of smoking for our cohort. The mean
age of cases with FEV, below 80% predicted (n=11, FEV,
52.7+18.2%) was 62.5+6.0 years and that of cases with FEV,
80% or above (n=19, FEV, 100.6£12.9%) was 62.9+8.8 years.
Given a similar age distribution, we postulate that the differ-
ences in the severity of airflow limitation represent differences
in individuals genetic susceptibility to COPD as proposed by
a previous report'’. We did not have quantitative data for dual
staining of GzmB" and CD8’" cells because our primary aim
was to determine the number of alveolar GzmB" and CD8"
cells according to the severity of airflow limitation in CLE. Also
we did not have data on dual staining for Treg and GzmB,
because it was beyond the purview of the present study. Addi-
tional studies will be required to quantitate these cells in lungs
of COPD patients.

In conclusion, this study shows that GzmB" and CD8" cells
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are upregulated on the alveolar wall of CLE compared to
control or PLE lungs. There is a strong positive relationship
between the number of alveolar GzmB™ cells and FEV, in CLE
subjects. These data suggest that GzmB™ cell may play an im-
portant role in determining the extent of lung destruction and
degree of airflow limitation in centrilobular type of emphy-
sema.
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