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SUMMARY

Objective: The primary goal of this study
was to determine the difference of abun-
dance of CD4+, CD8+ and CD56+ bron-
choalveolar fluid's lymphocytes and their
subpopulations between cancerous lung
and healthy lung from the same patient.
Methods: Mini-bronchoalveolar lavage
was taken from 55 patients from lung with
cancer and healthy lung. After laboratory
processing and addition of CD4, CD8, CD27,

1. INTRODUCTION

The primary goal of this study
was to determine the difference

of abundance of CD4+, CDS8+
and CDS6+  bronchoalveolar
fluid’s lymphocytes and their

subpopulations between cancerous
lung and healthy lung from the
same patient. The hypothesis of this
work was that T cells immunological
reaction on lung cancer was very
different form the one in healthy
lung in the same patient.

At the start of the 21 century the
lung cancer has become one of the
leading causes of death among pre-
ventable diseases (1, 2). There are
several different types of antigens
on the tumorous cells such as (NY-
ESO-1, WT1 antigen, MRP3, MAGE
and BAGE family, gp 100, SART,
tirozinaze, MUCH, etc) (3, 4). These
antigens are believed to be the ma-
jor factors in the activation of nu-
merous immune reactions to the
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(D28 and CD56 antibody, the material was
analyzed by flow cytometer. Results from
lung with cancer were compared to the ones
from the healthy lung. The examined pa-
tients were the test and the control group at
the same time. Results: CD27+28+ forms
of CD4+ and CD8+ lymphocytes are more
activated in the cancerous lung compared to
healthy lung, while the CD27-28- forms are
less activated in diseased lung. CD4+ forms
of CD56+ lymphocytes are more activated
in cancerous lung compared to the health

tumor, including T-lymphocyte re-
action that believed to have a cen-
tral role. T-lymphocytes are a nu-
merous, but heterogeneous popu-
lation of the entire number of ef-
fector cells. (5, 6). CD4+ T lympho-
cytes posses a helper function and
are activated by antigen presenting
cells. These lymphocytes show a sig-
nificant immunoregulatory activi-
ty (7). CD8+ T lymphocytes are ef-
fector cells of the immune system
and possess cytolytic and cytotox-
ic function. (6, 8). Currently there
are only limited number of studies
that address the phenotypic classifi-
cation of human CD4+ and CD8+
T lymphocytes. On the other hand
the path of their differentiation is
quite well established. We know
that CD27+28+ subpopulations are
immature memory cells, and CD27-
CD28- subtype are mature forms
of CD4+ and CD8+ T lymphocytes
(6, 8, 9). NK cells are lymphocytes

lung, while the CD8+ forms are less
activated in diseased lung. Conclusion
Immature helper and cytotoxic T lymphocyte
response, as well as regulatory NK and NKT
cell response are more activated in cancer-
ous lung compared to the health lung of
the same patient.

Key words: Bronchoalveolar lavage,
CD4+ lymphocytes, CD8+ lympho-
cytes, CD56+ lymphocytes, Lung
cancer.

with particularly cytolytic activity,
capable of spontaneously destroy-
ing tumor cells and even metastat-
ic tumor cells in the systemic circu-
lation (10). NKT cells represent 0,2%
of all T-cells in the peripheral blood,
and are characterized by swift and
abundant secretion of cytokines (IL-
2, IFNy, TNFa and IL-4) (11, 12). NK
and NKT cells are of CDS6+ type.
All CD56+ cells are further classi-
fied to CD4+ and CD8+, each one
having a different biological base
(10, 11, 12).

2. MATERIALS AND

METHODS

The study was cross sectional. All
laboratory analise were completely
done in The Department of Clini-
cal Immunology and Molecular Ge-
netics at University Clinic of Respi-
ratory and Allergic Diseases Golnik,
Slovenia. It included 55 patients in
study on CD4+ and CD8+ lympho-
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cyte, and 46 patients in study on
CD56+ lymphocyte. Inclusion cri-
teria was the pathohistological con-
firmed diagnose of primary lung
cancer. Exclusion criteria were: pre-
vious chemotherapy, radiothera-
py or other anti-cancer therapy; ab-
sence of lymphocytes in the cyto-
logical analyses of material; non-
representative number of events in
flow-cytometric analyses of material
(lower than 80 for lymphocytes in
cancerous lung and lower than 70
in healthy lung).

All  patients had a mini
bronhoalveolar lavage (mini-BAL)'
taken during a routine diagnostic
flexible bronchoscope. During the
procedure 20 ml of 0,9% NaCl
solution was instilled. Mini-BAL
was taken from the cancerous lung
and from the healthy lung of the
same patient. The material obtained
with the mini BAL was centrifuged
at 1600 rpm, the supernatant was
poured out, and 0,5ml of azid
Hemacel-a solution was added
followed by 1 ml of solution for deep
freezing. The material was frozen
at 70 oC preserved until further
processing.

Flow cytometer was used to
count the lymphocytes in the
100 pl samples. The number of
lymphocytes and the percentage
of Tlymphocyte subpopulations
in the mini-BAL was determined,
including the immature (CD27+28+)
mature (CD2728-) forms of CD4+
and CD8+ T lymphocytes, also
analysis included the regulatory
(CD4+) and activated (CDS8+)
NK and NKT cells. Proportions
of lymphocyte subpopulations
between the cancerous and the
healthy lung of the same patient
were compared.

Values of Tlymphocyte miniBAL
parameters in the healthy lung were
designated as reference values, so
that the non cancerous influences
in the BAL results were excluded.
Mini-BAL values of different cellular
subpopulations in the healthy lung
were divided in three classes, for
every cellular subpopulation:

First class, low percentage class
(more and equal 0% and less and
equal 33%);

Second class moderate percente
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Graph 1. The event mean value of CD4+, CD8+, NK and NKT
lymphocytes in the lung with primary cancer and in the healthy lung of

the same patients
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Graph 2. The average percentage of immature and mature forms
both CD4+ and CD8+ T lymphocyte subpopulations in BAL from the

cancerous and healthy lung of the same patient

class (more than 33% and less and
equal 66%); Third class, high per-
centage class (more than 66% and
less and equal 100%).

Finally average percentage of
different classes of lymphocyte
subpopulations in mini-BAL of
the healthy lung, and average
percentage of the same classes of
T-lymphocyte subpopulations of the
cancerous lung in the same patient
were compared.

Material obtained using mini-
BAL was stained with monoclonal
antibodies and prepared for flow cy-
tometry using the procedural tech-
nique described by the manufac-
turer. Following antibodies were
used: CD4-FITC: BD-2010; CDS-
APC: BD-2010; CD27-PE: BD Phar-
migen-2014, CD28-Cy-Chrome: BD
Pharmigen-2010 and CD56-PE: I1Q
Products 2010. The prepared ma-
terial was then processed by the
flow cytometer FACS Calibur ba-
sic G4, manufactured in 2001. by
Becton Dickinson. Following pa-
rameters were used: FSC-H/SSC-
H for lymphocytes, FL4-H/SSC-H
for CD4+ lymphocytes and FL1-H/

tistical program (Ver-
sion 10 SPSS Inc, Chi-
cago, IL).

The study was unde-
taken with the agreement of Repub-
lic Ethical Commitee in Republic of
Slovenia.

3. RESULTS

We included 40 men aged 66 =
8.58 years and 15 women aged 74.47
+ 5.12 years Men were significantly
more numerous compared to
women (p<0.05). Also, male patients
were significantly younger than
female (p<0.05).

The highest incidence was for
squamous cell carcinoma (49.09%)
and adenocarcinoma of the lung
(25.45%). Non small lung cancer
incidence was 85.45%. Significantly
(p<0.05) most common type of lung
cancer in males was squamous cell
carcinoma.

For women the most common
types of lung cancer was
adenocarcinoma and squamous
cell carcinoma, but there were no
statistically significant differences
(p>0.05) in the frequency of
these two types of lung cancer in
women. The frequency of lung
adenocarcinoma was significantly
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and Cancerous Lung
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Graph 3. The average percentage of regulatory and activated NK and
NKT lymphocyte subpopulations in BAL from the cancerous and healthy

lung of the same patients.
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Graph 4. The average proportional representation of immature forms
and CD4+ T-lymphocyte subpopulations in regard to low, moderate and

classes with high lymphocyte abundance.
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higher in women than in men
suffering from lung cancer (p<0.05).

Most patient were in IV, and then
in III clinical stage (II and IV stage
— 74.54% of patients) (p<0.05).

The event mean value of CD4+,
CD8+, NK and NKT lymphocytes
in the lung with primary cancer
were significantly higher (p<0.05)
than the event mean values of cor-
responding T-lymphocytes in the
healthy lung of the same patients
(graph 1). The average percentage
of immature and mature forms
both CD4+ and CD8+ T lympho-
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lungs only for grades
of moderate and high
prevalence. The rep-

lungs only for high-class representa-
tion, while the prevalence of activat-
ed forms of NK cells was significant-
ly higher (p<0.05) in healthy lungs,
also only for high-class represen-
tation (Graph 6). The average pro-
portional representation of CD4+
forms of NKT cells was significant-
ly higher (p<0.05) in diseased lungs
only for moderate grade and high-
grade classes of representation,
and the presence of CD8+ forms of
NKT cells was significantly higher
(p<0.05) in healthy lungs, also for
classes of moderate and high repre-
sentation (Graph 7).

In Table 1. we can see the num-
bers of subjects enlisted in the in-
dividual parts of studies on CD4+,
CDS8+, NK and NKT cells.

4. DISCUSSION

Men are still significantly more
likely to suffer from lung cancer
than women (2). In our study, the
ratio of patients was around 2,67:1 in
favour of males, which corresponds
to most literature data. In literature,
the mean age of patients with lung
cancer is about 60 years (2). In our
study, the mean age was 68.31 =
8.59 years. The mean age of women
suffering from lung cancer in the
world is slightly higher than those
in men, but in the last decade there
is a trend of continuous reduction
in average age of women. (2, 13). In
our study, average age of men and
women also differ significantly,
and the men were on average about
S years younger than women. In
Europe, the most common lung
cancer is adenocarcinoma, followed
in frequency with squamous cell
carcinoma (13). In this study their
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Graph 6. shows the average proportional representation of activated
and regulatory forms of NK cells in regard to low, moderate and classes
with high lymphocyte abundance
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representation is  still reverse.
Traditionally the most common
pathohistological type of lung

cancer was squamous cell cancer.
But currently, the implementation
of rigorous expressed antismoking
campaigns has produced a sudden
increase in adenocarcinoma of
the lung, especially in women.
This increase is attributed to the
reduction in incidence of squamous
cell carcinoma, because this type
of lung cancer has the strongest
relationship with tobacco smoke (2,
14). Current global and European
statistical ~ analyses show that
currently, at the time of diagnosis,
approximately 509 of patients with
lung cancer are in the III or IV
clinical stage (14). Similar results
were obtained, and in our study.

In this study, we wanted to
examine the composition and the
extent of T-immunological events
in the lung affected with cancer
compared to healthy lung of the
same patients. It was showed that in
lung canceralocal immune response
is characterized by immature helper
and cytotoxic T lymphocytes and
regulatory NK and NKT cells.

Today, many studies indicate the
existence of a correlation between
the number of tumorinfiltrating
lymphocytes in the analyzed tis-
sue with the histological grade of
the lung disease, tumor size, vascu-
lar invasion and survival (1, 15). In
our study, it was observed that the
number of CD4+ and CD8+ T-lym-
phocytes in lung with primary can-
cer was significantly higher than in
healthy lungs of the same patients.
From this we can conclude that the
helper and cytotoxic component of

AIM 2011; 19(3): 132-137 | Original paper

cerous process within
it, by mobilizing vir-
tually all the compo-
nents of the immune

ic lymphocyte-associated antigen-4
monoclonal antibody reduced the
inhibitory activity of CD4+CD25+
T cells.

Since differences in the ratio of
mature and immature forms and
CD4+ and CD8+ Tlymphocyte
subpopulations in the site of the
primary lung carcinoma and
healthy lung of the same patients
were not statistically significant,
we searched for differences in
subpopulations of patients with
more pronounced inflammatory
reaction. Therefore we have divided
the proportional representation of

Class of low Class of mild Class of high Total

representation representation representation
CD4+27+28+ 17 24 14 55
CD4+27-28- 30 17 8 55
CD8+27+28+ 42 11 2 55
CD8+27-28- 4 24 27 55
CD3-4+56+ 21 22 3 46
CD3-8+ 56+ 27 16 3 46
CD3+4+56+ 24 21 1 46
CD3+8+56+ 9 32 5 46

Table 1. lists the numbers of subjects enlisted in the individual parts of studies on CD4+, CD8+, NK and

NKT cells

system. Local immune response in
lung cancer arises due to postop-
structional pneumonitis, but it is
also activated in order to destroy
the tumor, and limit its develop-
ment. Chen et al. in 2005 analyzed
the cellular composition of aspirat-
ed pleural fluid of malignant etiol-
ogy, pleural fluid of non-malignant
etiology and leukocyte composition
of peripheral blood in both groups.
Their study showed that there were
increased numbers of regulatory
CD4+CD25+ T cells in malignant
pleural effusion from patients with
lung cancer compared with pleu-
ral lavage from patients with lung
cancer without pleural effusion,
and that these cells had constitu-
tive high-level expression of Foxp3
and cytotoxic lymphocyte-associat-
ed antigen-4. CD4+CD25+ T cells
inhibited the proliferative response
of CD4+CD25- T cells. Anticytotox-

mature and immature forms and
CD4+ and CD8+ Tlymphocytes,
into 3 classes as described in
the Materials and methods. A
similar division can be found with
histopathological quantification of
the expression of hormone receptors
in breast cancer (20). The authors of
this study have divided the intensity
of expression of receptors into 4
classes, while in our study due to
relatively small total number of
subjects involved in the study; we
have used 3 classes of proportional
representation  of  lymphocyte
populations. By forming the classes
of proportional representation of
T-lymphocyte subpopulations, the
greatest importance, was given for
the results in the class of moderate
and high representation.

By comparing the average
percentage of mature and immature
subpopulations and CD4+ and
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CD8+ Tlymphocytes of healthy
and diseased lungs, we can see that
the percentage of mature forms
is substantially higher in healthy
lungs, and that percentage of
immature forms is much higher in
the lung with primary cancer. The
host organism is trying to resist
the rapid changes in genotype and
phenotype markings of tumor
cells, with accelerated activation
of the immune response. Because
the first line of defence from
malignancy is comprised from
mostly immature T cells, they will
be the ones to proliferate in the first
phase of tumor tissue formation
(5). However, the duplication
time of induced lymphocytes
is substantially longer than the
same period of malignant cells,
especially in poorly differentiated
and undifferentiated carcinoma.
In other words, the immature cells
proliferate at lower rates than the
speed of clonall expansion of tumor
tissue (5). Furthermore, the high
rate of cancer cell division is not
followed by the adequate speed
of mature lymphocyte formation,
capable of recognizing end lysing
the tumor cells. For effector CD4+
or CD8+ T-cells to achieve their
anti-tumor effect, they first must be
specifically sensitized. Lung cancer
is rapidly evolves, and uses different
mechanisms to avoid the anti-tumor
response, and does not produce
specific reactions in the tissue in
which it is found. Therefore, in the
vicinity of tumor, and in the tumor
tissue itself, almost always there is an
increased number of lymphocytes,
but in their immature, effector
insufficient form.

In the making of this study there
were several limitations:

During the presentation of
mini-BAL volume obtained by BAL
was not measured, and the cells
were concentrated only in the vol-
ume of one specimen (test tube). So
the samples of cells concentrated in
1ml from different amounts of BAL
were compared. However, if we as-
sume that the sample of 55 patients
is large enough, and that these er-
rors are equally distributed in sam-
ples of healthy and diseased lungs,
then the results of this study may

VOL 19 NO 3 SEPTEMBER 2011

be accepted while consciously tak-
ing into account certain level of rel-
ative error.

* This study did not take into ac-
count the level of influence that po-
stopstructional pneumonitis had on
local immune response.

* There is a substantial possibility
of systemic effects of tumor on the
diseased lung. But if we assume that
the systemic effects bring the same
changes to the healthy lung, then
we could compare them and attri-
bute the difference to the local reac-
tion to malignancy.

* The study included a small and
heterogeneous sample of respon-
dents in terms of multiple histologi-
cal types of lung cancer, various de-
grees of pathohistological differenti-
ation and various clinical stages of
disease.

This study did not ana-
lyze the function of lympho-
cytes, but only their morphology.
In spite of these limitations, this
study, which is primarily of basic
nature, suggests a new angle on
the cancerous process of the lungs
and pose a realistic basis for further
research in this direction.

5. CONCLUSION

At the site of primary lung
cancer local immune response was
markedly more stimulated on the
account of immature forms of T
helper and cytotoxic lymphocytes
and regulatory forms of NK and
NKT cells.

ABBREVIATIONS
'BAL - Bronchoalveolar lavage;
miniBAL - done wusually in

experimental studies (installing of
20 ml 0,9% NaCl solution)

!event — number of lymphocytes
in 1 pl material analysed in flow-

cytometer
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