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Abstract NSCLC arises in the complex environment of
chronic inXammation. Depending on lung immune polari-
zation, inWltrating immune cells may either promote or sup-
press tumor growth. Despite the importance of the immune
microenvironment, current staging techniques for NSCLC
do not take into consideration the immune milieu in which
the neoplasms arise. T-cell subset content was compared
between paired tumor-bearing and contralateral lungs,
patient and control peripheral blood. The relationship
between T-cell subset distribution and survival were evalu-
ated. CD4 and CD8+ T cells were subsetted by CD45RA/

CD27 and analyzed for expression of activation, adhesion,
and homing markers. Strikingly, T-cell content was indis-
tinguishable between lungs. Compared with peripheral
blood, naïve CD4 and CD8 T cells were rare in BAL. CD4+
BAL T cells showed increased CD95 (higher apoptotic
potential) and CD103 expression (epithelial adhesion), but
decreased CD38 (activation) and CCR7 expression (lymph
node homing). CD8+ BAL T cells showed increased
CD103 expression and decreased CD28 expression (co-
stimulation). DiVerences in CD28, CD95, and CCR7
expression were more pronounced within memory cells,
while diVerences in CD4+ CD103 expression were more
prominent in eVector/memory cells. Of these populations,
the absence of lung CD4 T cells with an eVector-like phe-
notype (CD45RA+/CD27¡) emerged as a predictor of
favorable outcome. Patients with a low proportion
(·0.44%) had 90% 5-year survival (n = 10, median sur-
vival 2,343 days), compared with 0% (n = 9, median sur-
vival 516 days) of patients with a higher proportion.
Further study is required to conWrm this association pro-
spectively and deWne the function of this subpopulation.

Keywords Non-small cell lung cancer · Bronchoalveolar 
lavage · T-cell subsets · Biomarkers · Prognosis

Introduction

Lung cancer is the second most common cancer and the
leading cause of cancer deaths, accounting for 30% of male
and 26% of female cancer deaths [1]. With treatment, clinical
stage 1A non-small cell lung cancer (NSCLC) has a 5-year
survival of 61%, while stage IV disease has a 5-year sur-
vival of only 1% [2]. Current lung cancer diagnosis and
staging focus only on the detection and anatomic distribution
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of the tumor. Even the most advanced eVorts in molecular
staging focus on the characteristics of the tumor, to the
exclusion of host factors of potential biological signiW-
cance, such as the immunological milieu in which the
tumor developed. The ability of epithelial tumors to subvert
the immune response by a number of mechanisms includ-
ing induction of T-cell apoptosis [3], secretion of immuno-
suppressive cytokines (reviewed in [4]), and modulation of
immune polarization [5–7] is well appreciated. InXamma-
tory cells in the tumor milieu may actually promote tumor
growth through cytokine production [8, 9], matrix metallo-
proteinase secretion [10], and induction of angiogenesis
[11]. Further, tumor may induce the immune system to
self-suppress through recruitment of regulatory T cells
[12–14].

The present study represents a 5-year survival analysis
of patients undergoing lung resection for NSC lung cancer.
At the time of resection or staging, BAL samples were sub-
jected to detailed multiparameter immunophenotyping.
Both the tumor-bearing and contralateral lungs were sam-
pled in an eVort to identify T-cell populations unique to the
tumor-bearing lung. Data analysis revealed, counterintu-
itively, that the lungs behave immunologically as a single
physiological unit, with no detectable diVerences in immu-
nophenotypic proWle between T cells inWltrating the tumor-
bearing and contralateral lungs [15]. The central Wnding in
NSCLC patients was a preponderance of activated, apopto-
sis prone, memory T cells in both lungs.

In the present study, with more than 5 years of patient
follow-up, we determine whether diVerences in BAL T-cell
composition observed among patients at the time of tumor
resection are of prognostic signiWcance.

Methods

Human subjects

Peripheral venous blood (5 ml) was collected into tubes
containing heparin from beef lung (10 units/ml, Upjohn,
Kalamazoo MI) and was obtained from 15 normal volun-
teers and 19 NSCLC patients. Bronchoalveolar lavage
(BAL) samples from lungs ipsilateral (BALi) and contralat-
eral (BALc) to the tumor were obtained from the same
NSCLC patients prior to tumor resection (2 patients under-
went biopsy only). Patients were stage 1A through 3B, with
15 having adenocarcinoma and 4 squamous cell carcinoma.
Of the 19 patients, 5 were current smokers, 10 were former
smokers (deWned as a quit time of 1 year or greater), and 4
were never smokers. Patients had a mean age of 66.5 § 8.8
(SD) and were followed for at least 5.5 years or until the
time of death. Informed consent was obtained from all sub-
jects according to protocols approved by the University of

Pittsburgh Institutional Review Board (IRB#9502100 and
IRB#970156).

Peripheral blood mononuclear cell (PBMC) preparation

Ten milliliters of heparinized blood from subjects was
diluted 1:2 with Dulbecco’s Ca2

++- and Mg2
++-free phos-

phate-buVered saline (PBS-A). PBMCs were obtained by
centrifugation over Ficoll-Hypaque gradients (Sigma Diag-
nostics, Inc., Saint. Louis MO), according to the manufac-
turer’s instructions. Harvested cells were washed 3 times
with 40 ml of PBS-A prior to surface staining. The cell pel-
let was resuspended in a 15-ml polypropylene conical tube
(Falcon, Becton–Dickinson, Franklin Lakes, NJ) in 3 ml of
staining buVer (PBS-A containing 4% v/v newborn calf
serum and 0.1% w/v NaN3).

Bronchoalveolar lavage cell preparation

After the administration of conscious sedation and topical
anesthesia, an Olympus Wber optic bronchoscope was
passed transnasally, advanced to a subsegment of the mid-
dle lung, and wedged. Bronchoalveolar lavage was con-
ducted by instilling 2 aliquots of sterile, 37°C 0.9% NaCl
solution with recovery by hand suction. Returned Xuid was
kept on ice until processing. Fluid was pooled, Wltered
through cotton gauze under vacuum, centrifuged at 400£g
for 10 min, and resuspended in 3 ml of staining buVer.

Photomicrographs

Experiments were documented with photomicrographs of
PBMC and BAL samples. Slides were prepared using a Cyto-
spin-2 cytocentrifuge (Thermo Shandon, Pittsburgh, PA) and
Wright–Giemsa stain with an Ames Hema-tek stainer. Photo-
micrographs were taken with a Nikon Labophot-2 microscope
Wtted with a Nikon Coolpix 950 digital camera.

Surface staining of PBMC and BAL cells

Resuspended cells (2¡15 £ 106) were centrifuged in a 15-
ml polypropylene conical tube at 400 £ g for 5 min at 4°C
and decanted to a “dry” pellet. At this point, 2 �l of each
Xuorescent-labeled antibody was added, and the cell pellet
was incubated for 20 min on ice. All samples were co-incu-
bated with CD27 (PE-Cy5 conjugated), CD45 RA (ECD
conjugated), and either CD4 (PE-Cy7 conjugated) or CD8
(PE-Cy7 conjugated). Stained cells were then split into 2–9
replicate tubes (depending on the number of cells recov-
ered), providing multiple replicates for CD4 and CD8
CD45RA/CD27 determinations. Each replicate tube was
further co-incubated with additional mAb combinations. In
this report, we examined the expression of the following
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markers in CD4 and CD8 diVerentiation compartments:
CD95 (PE conjugated) plus CD28 (FITC conjugated),
CD54 (PE conjugated) plus CCR7 (FITC conjugated),
CD29 (PE conjugated) plus CD38 (FITC conjugated), or
CD31 (PE conjugated) plus CD103 (FITC conjugated).
Stained cells were resuspended to a concentration of
5 £ 106 cells/ml and Wxed in 0.25% paraformaldehyde in
staining buVer.

Flow cytometer setup and acquisition

Samples were acquired using a 5-color Beckman-Coulter
FC500 Xow cytometer (Beckman-Coulter Corp., Fullerton,
CA). PMTs were balanced to predetermined target channels
using FlowSet beads (Beckman-Coulter Corp., Fullerton,
CA). The cytometer was quality controlled on a daily basis
using FlowCheck beads to conWrm laser alignment and
Xuidics and FlowSet beads to calibrate Xuorescence mea-
surement. The latter was critical to these studies and
assures that cells of a given brightness appear in the same
Xuorescence channel when assayed on diVerent days. Com-
pensation was made with balanced PMTs using single-
color stained PBMC and veriWed using a 5-color stained
sample. Daily QC validated our use of the same target
channels throughout the study. Acquisition of at least
50,000 events for both CD4+ and CD8+ T-cell subsets was
completed at a maximum of 1,000 events/s. The fact that
BAL samples are >90% myeloid cells necessitated acquisi-
tion of at least 1 £ 106 events/sample. Data were analyzed
using CXP (Beckman Coulter, Fullerton, CA) and Venturi-
One (Applied Cytometry Systems, Dinnington, UK) soft-
ware.

Statistical analysis

All samples were analyzed as percentages of total live cells
within a subset. In cases where a region deWning a particu-
lar analytic population contained less than 30 events, fur-
ther subset analysis was not performed on that region. For
rare event analysis in the CD4+ eVector diVerentiation sub-
set, statistical testing was conducted on log-transformed
values. Normal and patient PBMCs were compared using
the 2-sample student’s t test. A three-way comparison
between patient PBMC, BALi, and BALc was performed
by ANOVA for repeated measures, with Bonferroni correc-
tion of post hoc comparisons. Kaplan–Meier survival anal-
ysis (log-rank test) was used to compare prognosis within
patient BAL and PBMCs after diVerentiation subsets, and
CD4/CD8 ratios were stratiWed into high and low groups.
Covariate comparisons between high and low groups were
completed using chi-squared analysis (Table 1). All statisti-
cal testing was 2-sided. Statistical analysis and graphics
generation were performed using SYSTAT version 12
(Systat Software, San Jose, CA).

Results

Analytical strategy

T cells were Wrst classiWed as either CD4+ or CD8+, on the
basis of marker expression plus side scatter (Fig. 1). The
CD8dim population, which is contaminated with NK cells
[16], was excluded. Next, low light scatter (apoptotic)
events were eliminated based on FS (forward scatter) ver-

Table 1 CD4+ EVector (CD45RA+/CD27¡) percent is an independent prognostic indicator in NSCLC

Patients were stratiWed by BAL CD4+/CD45RA+/CD27¡ status (high or low) and demographic or clinical parameters were compared using the
chi-square test in all cases, except for survival (log-rank test) and age (Student’s 2-tailed t test) comparisons. Samples with unknown stage were
eliminated from the chi-square analysis of stage

Parameter Low-risk group 
(low CD45RA+/CD27¡%)

High-risk group 
(high CD45RA+/CD27¡%)

P value

Survival (%) 90.0 0.0 0.0000

Median/maximum survival (days) 2,343/2,447 516/1,751

Age (mean § SD) 63.8 § 8.9 69.5 § 8.0 0.16

Gender (male/female) 7/3 3/6 0.11

Adenocarcinoma/squamous cell carcinoma 10/0 5/4 0.02

Stage (1/2/3/unknown) 5/3/2/0 4/3/1/1 0.89

Smoking Hx (current/former/never) 2/6/2 3/4/2 0.76

Surgery (segmentectomy/lobectomy/
pneumonectomy/biopsy only)

3/5/1/1 4/3/1/1 0.90

Adjuvant chemo/rad (no/yes) 5/5 6/3 0.46

CD4/CD8 ratio (>1.27/·1.27) 3/7 6/3 0.11

CD4+%naive (>0.65/·0.65) 7/3 3/6 0.11
123



822 Cancer Immunol Immunother (2011) 60:819–827
sus SS (side scatter). CD4+ and CD8+ lymphocytes with
characteristic light scatter properties were identiWed among
non-apoptotic cells and divided into four discrete diVerenti-
ation compartments, which have been designated: memory
(M, CD27+/CD45RA¡), naïve (N, CD27+/CD45RA+),
eVector/memory (EM, CD27¡/CD45RA¡), and eVector/ter-
minally diVerentiated (E, CD27¡/CD45RA+) [17–22].

T-cell diVerentiation compartments in peripheral blood 
and BAL Xuid from patients with NSCLC

In both CD4+ and CD8+ lymphocytes, the distributions of
diVerentiation compartments were indistinguishable
between BALi and BALc. Both of these samples diVered
considerably from both patient and control PBMCs, with
BAL showing a moderate decrease in CD4/CD8 ratio and a
marked increase in the proportion of the eVector/memory
subset in both CD4+ and CD8+ T cells (Fig. 2). Addition-
ally, patients had a lower proportion of naïve CD4+ and
CD8+ T cells than control subjects.

A panel of T-cell subset markers were assessed within
the four diVerentiation compartments and displayed as an
icon chart in Fig. 3. We sought to determine the proWle of T
cells inWltrating the tumor-bearing and the contralateral
lung and the peripheral circulation of patients with NSCLC.
To this end, we used a panel of T-cell markers in naïve,

memory, eVector/memory, and eVector diVerentiation com-
partments of CD4+ and CD8+ T cells: (CD28 (co-stimula-
tory) [23, 24], CD95 (apoptosis prone) [23, 25], CCR7
[26], CD38 [27](activation, immunoregulation), CD29
[28], CD31 [29], CD103 [30], and CD54 [31] (adhesion
molecules). As was determined at the level of the diVerenti-
ation compartments (Fig. 2), there was no detectable diVer-
ence between BALi and BALc (P > 0.05, ANOVA for
repeated measures, Bonferroni corrected post hoc test)
among the battery of markers shown in Fig. 3.

Patient BAL T cells diVered from their peripheral
counterparts in multiple ways. CD4+ BAL T cells
showed increased CD95 (higher apoptotic potential) and
CD103 expression (epithelial adhesion), but decreased
CD38 (activation) and CCR7 expression (lymph node
homing). CD8+ BAL T cells showed increased CD103
expression and decreased CD28 expression (co-stimula-
tory molecule). DiVerences in CD28, CD95, and CCR7
expression were more pronounced within the memory
compartment, while the diVerences in CD103 expression
were more prominent in CD4+ eVector/memory cells.
When compared with normal volunteers, patient periphe-
ral blood T cells had decreased CD28 expression among
CD4+ eVectors, less CCR7 expression among CD4+
eVector/memory cells, and less CD28 expression among
total CD8+ T cells. There were no statistical diVerences

Fig. 1 Microscopy and Xow cytometry gating strategy. Wright–Gi-
emsa-stained cytocentrifuge preparations were photographed using a
£40 objective (left column). The images were viewed to assess the
general quality and contents of each sample before Xow cytometric
analysis. The Xow gating strategy for these samples involved the selec-
tion of either CD4+ or CD8+ events, elimination of low light scatter

(apoptotic) events, and classiWcation into memory (M), naïve (N),
eVector/memory (EM), or eVector/terminally diVerentiated (E) subsets
(middle and right panels). Patient ipsilateral bronchoalveolar lavages
(BALi), patient contralateral bronchoalveolar lavages (BALc), patient
peripheral blood mononuclear cells (PBMC), and normal PBMCs (not
shown) were analyzed in this way
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noted in CD29, CD31, or CD54 expression between all
comparisons.

Prognostic markers

CD4+ and CD8+ content (expressed as a ratio) and the pro-
portion of CD4+ and CD8+ cells distributed among the four
diVerentiation compartments were tested for prognostic sig-
niWcance. The median value was determined for each
parameter measured in each sample (BALi, BALc, and
PBMC). For each parameter, patients were stratiWed into
those above versus below or equal to the median. These
strata were used to perform Kaplan–Meier survival analy-
sis, where the median and maximum follow-up times for
patients surviving at the time of analysis (n = 9 of 19) were
1,751 and 2,447 days, respectively. DiVerentiation com-
partment percentages and CD4/CD8 ratios were measured
multiple times for the same patient (i.e., in multiple tubes
measuring CD4 and CD8 in combination with other mark-
ers). These data were pooled across tubes, increasing the
number of events for subset analysis. Data were analyzed
separately for each lung. Additionally, since T-cell subset
data ipsilateral and contralateral to the tumor were consis-
tently indistinguishable (Figs. 2, 3, 4), ipsilateral, and con-
tralateral subset data were further pooled using a Xow
cytometry event weighted average for analysis of prognos-
tic signiWcance.

When stratiWed on the pooled CD4/CD8 ratio, the CD4-
low group had greater raw survival (70.0% vs. 22.2%).
Kaplan–Meier analysis of pooled data revealed no signiWcant
diVerence in mean survival time (1,811 vs. 1,166 days,
P = 0.09, log-rank test). The eVector (CD45RA+/CD27¡)
compartment was rare between both BALi and BALc CD4+
T cells (BALi/BALc pooled geometric mean =  0.34%, lower
95% CI = 0.21%, upper 95% CI = 0.57%). Despite the scar-
city of the CD45RA+/CD27¡ CD4 eVectors, their presence
provided a dramatic prognostic indicator. When BALi and
BALc CD4+CD45RA+/CD27¡ eVector T-cell percentages
were analyzed separately as prognostic indicators, both were
correlated with survival (P = 0.05 and 0.003, log-rank test,
respectively). When data from ipsilateral and contralateral
lungs were pooled by taking a weighted average, results were
even more striking (Fig. 4). Patients with a proportion of CD4
eVector cells, above the median (0.44% of BAL CD4+ T
cells), had 0.0% 5-year survival (516 day median survival),
compared with those below or equal to the median (90.0% 5-
year survival, 2,343 day median survival, P = 0.0000, log-
rank test). All demographic parameters shown in Table 1 were
also evaluated as covariates of CD4 eVector cell content by
Cox proportional hazards regression. None were statistically
signiWcant. Of multiple demographic and clinical parameters,
only histology (adenocarcinoma vs. squamous cell carcinoma)
was weakly correlated with the CD4+/CD45RA+/CD27¡
stratum (P = 0.02, chi-square, Table 1).

Fig. 2 T-cell diVerentiation compartments in BAL samples and
peripheral blood. CD4+ and CD8+ cells were classiWed as memory,
naïve, eVector/memory, or eVector as shown in Fig. 1. Ipsilateral and
contralateral BALs were compared with each other and with patient
PBMC (ANOVA for repeated measures, Bonferroni-corrected post
hoc test). Patient PBMC and control PBMC were compared using the

Student’s two-tailed t test. Sample size was n = 19 for patients and
n = 15 for normal healthy volunteers. Abbreviations BALi patient ipsi-
lateral bronchoalveolar lavage, BALc patient contralateral bronchoal-
veolar lavage, P PBMC patient peripheral blood mononuclear cells, N
PBMC normal healthy volunteer PBMC. ***P < 0.001, **P < 0.01
123
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The BAL CD4 naive (CD45RA+/CD27+) compartment
was also weakly correlated with survival. Patients with a
proportion of these cells above the median (0.65% of BAL
CD4+ T cells) had poorer survival (22% 5-year median sur-
vival, 555-day median survival) than those below or equal
to the median (70.0% 5-year survival, 2,256 day median
survival, P = 0.05, log-rank test). All other survival analy-
ses within patient PBMCs and BALs were not statistically
signiWcant.

Discussion

There is no standard approach to the management of resect-
able NSCLC. Prognostic indicators which have been pro-
posed to guide therapy include pathological staging,
mediastinoscopy, PET imaging, and endoscopic ultrasonic
techniques. Although some of these methodologies are of
proven value, none take into consideration the immune
milieu in which the neoplasms arise. The relationship
between the tumor and local immunity is complex. The
composition of immune cells localized to the lung may pre-
dict response as an indicator of the ability of the immune
system to eliminate residual disease after therapy. Alterna-
tively, the extent to which local T-cell subsets are skewed
may reXect the degree to which the immune system is eVec-
tively subverted, directly by the tumor or indirectly by
environmental eVects such as smoke exposure. In either
case, there is potential to gain early prognostic information.
Bronchoalveolar lavage provides a non-invasive means of

Fig. 3 BALi and BALc T cells are phenotypically indistinguishable.
The proportion of cells positive for a given marker (rows) within a given
diVerentiation compartment (columns) is shown in a “Consumer
Reports” icon graphic, where darker shading indicates greater preva-
lence. In cases where data were sparse (<30 cells in the column cate-
gory), no further subsetting was performed and no circle is shown.
Columns represent CD4 and CD8 diVerentiation compartments based on
the expression of CD45RA and CD27. Rows indicate marker expression
and the source of cells. BAL performed on lungs ipsilateral and contra-
lateral to the tumor was compared with each other and with patient
PBMC (ANOVA for repeated measures, Bonferroni corrected post hoc
test). Patient PBMC and control PBMC were compared using Students
two-tailed t test. In no cases did ipsilateral and contralateral BALs diVer
signiWcantly from each other (P > 0.05 for all). All comparisons shown
here with lighter (P < 0.01) or darker circle outlines (P < 0.001) are sig-
niWcantly diVerent compared with patient PBMC. In the on-line color
version of this Wgure, these are shown as aqua and red, respectively. Due
to the large number of comparisons made, a result was not considered
signiWcant unless P < 0.01. Sample size for CD28 and CD95 patients
samples was n = 11, all other patient samples were n = 4. Normal healthy
volunteer sample size was n = 15. Abbreviations BALi patient ipsilateral
bronchoalveolar lavage, BALc patient contralateral bronchoalveolar lav-
age, P PBMC patient peripheral blood mononuclear cells, N PBMC nor-
mal healthy volunteer PBMC, T total T cells, M memory, N naïve, EM
eVector/memory, E eVector/terminally diVerentiated

Fig. 4 A low CD4+ eVector (CD45RA+/CD27¡) percentage in BAL
Xuid at the time of surgical resection is a favorable prognostic indica-
tor. Nineteen patients were studied. Results from BALi and BALc
were pooled due to the lack of statistical diVerences between the 2
groups in any of the comparisons made in Figs. 2 or 3. All data points
were stratiWed into high and low groups with values greater than the
median considered high and values less than or equal to the median
considered low. Kaplan–Meier survival analysis with the log-rank
hypothesis test was used to compare survival between high and low
groups
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sampling the immune environment of the lung. In the cur-
rent study, BAL was used preoperatively to assess the dis-
tribution of T cells in the tumor-bearing and contralateral
lungs of patients with resectable NSCLC.

Because BAL T cells are selected for their tissue tro-
pism, their subset distribution diVered considerably from
that observed in patient or healthy control peripheral blood.
Notably, BAL T-cell subsets were characterized by a
paucity of naïve cells, greater susceptibility to apoptosis,
resistance to co-stimulation (CD28¡), reduced activation
(CD38¡), increased epithelial adhesion (CD103), and
decreased lymph node homing (CCR7¡).

Despite the diVerences between BAL and peripheral
blood, the most striking Wnding was that it was not possible
to distinguish between the tumor-bearing and contralateral
lungs on the basis of T-cell subset distribution. Why this
should be the case is not obvious. Local immune perturba-
tions of one lung cannot directly propagate to the contralat-
eral lung because the lungs are anatomically separate with
respect to vascular and lymphatic supply. The independent
nature of the lungs is particularly evident in the pattern of
tumor metastasis. Spread to the contralateral lung is rela-
tively rare in comparison with liver and brain [32]. One
explanation is that the immune environment in both lungs is
aVected by a common factor, either external (such as
tobacco smoke) or systemic (such as cytokines secreted by
the tumor into the peripheral circulation). Alternatively, in
analogy to sympathetic ophthalmia [33], immune cells may
be responding to autoantigens present in both lungs that
were revealed by tumor-induced tissue damage to one lung.

Despite the striking similarities between ipsilateral and
contralateral lungs, there was suYcient heterogeneity
among patients to stratify them on the basis of CD4/CD8
distribution and within these subsets, on diVerentiation
compartments. Two potential prognostic predictors
emerged from this analysis: BAL CD4 eVector content
(a strong predictor) and CD4 naïve content (a weak predic-
tor). Having low proportions of the rare CD4+/CD45RA+/
CD27¡ eVector/terminally diVerentiated compartment was
a very strong predictor of a favorable outcome
(P = 0.000009, Mantel log-rank test). The median value
and cutpoint for stratiWcation of this subset was 0.44% of
CD4+ cells. Five-year actuarial survival of patients with
values below or equal to this cutpoint was 90%, compared
with 0% of patients above the cutpoint. This association is
supported by two lines of evidence that converged during
data analysis: (1) CD4 eVector determinations performed in
independent samples from tumor-bearing and contralateral
lungs were both predictive of survival (pooled data were
strongest); (2) the original observation was made using
CD4 eVector determinations from a single tube; the obser-
vation held up (and was strengthened) when subset data
from 2 to 9 tubes (replicate in CD4, CD45RA and CD27

but disparate in 2 other markers) were pooled as event-
weighted averages. That the presence of such a minor sub-
set at the time of tumor resection is highly correlated with
poor survival months and later is suggestive of a direct bio-
logical role. Although the function of CD4+/CD45RA+/
CD27¡ cells has not been established, they have been
termed CD4 eVector/terminally diVerentiated here because
of their phenotypic correspondence to the well-character-
ized CD8+ compartment [17], which we have shown to be
apoptosis prone and T-cell receptor zeta deWcient in head
and neck cancer patients [34]. Consensus thinking is that
among CD4+ T cells, the CD45RA+/CD27¡ compartment
corresponds to the most antigen experienced CD28¡/
CCR7¡ subset. These cells are characterized by short telo-
meres, high turnover, a skewing toward IL-2 negative/IFN-
�+ cytokine response, and expression of cytotoxic eVector
proteins [22]. In the context of local response to NSCLC,
this CD4 diVerentiation compartment may act as an
immune modulator similar to regulatory T cells (T-regs)
[35]. Cells of this phenotype comprise a small minority of
classical regulatory T cells [36], which are conventionally
deWned as CD25+, FoxP3+, CD39+ [37]. Although the
function of the CD4 eVector/terminally diVerentiated subset
is undeWned in NSCLC, the possibilities exist that: (1) its
presence inhibits local antitumor eVector responses; (2) it
creates a local environment favorable for tumor growth
(e.g., angiogenesis signals or tumor growth factors); and/or
[3] (3) Its presence is indicative of an exhausted and ineY-
cacious local immune response. Whatever the ultimate
function of these cells, it is conceivable that they play a role
in polarizing the lung milieu in favor of the tumor.

We also observed that a relative increase in the propor-
tion CD4+ T cells (CD4/CD8 ratio ·1.27) was weakly
associated with an unfavorable outcome (22% vs. 70%
5-year survival, P = 0.09). This is consistent with the obser-
vation that a high CD4% in NSCLC pleural eVusions is
associated with a poorer prognosis [38]. Other research
indicates that a high degree of CD8+, but not CD4+ T-cell
tumor inWltration, is associated with a favorable prognosis
in NSCLC [39]. On the other hand, some groups have
found that high absolute number of tumor-inWltrating CD4+
and CD8+ T cells is a favorable prognostic indicator in
NSCLC [40, 41]. However, the mechanistic signiWcance of
a high pulmonary CD4/CD8 ratio in the progression of
NSCLC is unknown.

Clearly if the CD4 eVector/terminally diVerentiated con-
tent of BAL Xuid is to be recommended as a prognostic
marker, these studies must be repeated prospectively. The
present study represents a retrospective reanalysis of data
collected more than 5 years ago in an unsuccessful attempt
to deWne a local immune response unique to the tumor-
bearing lung. If the present observation concerning the sig-
niWcance of BAL CD4 eVector/terminal diVerentiated T
123
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cells holds, it could provide an independent prognostic
indicator at the time of clinical presentation. Although in
the present study most BALs were collected immediately
prior to tumor resection, they could be performed routinely
during staging, before a therapeutic modality is chosen.
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