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PB NK ACTIVITY IN LUNG CANCER

primary bronchogenic carcinoma were not leukopenic and had
the same absolute number of PBLs in a given volume of blood.

Previous studies that evaluated the lytic activity of NK cells
in patients with cancer have generally not had age-matched
controls, and since age can affect overall NK lytic activity (10),
our study is unique in providing an appropriate normal control
population. We evaluated the NK lytic activity in the PBL of
normal volunteers and in 25 patients with SQCA, 6 patients
with SCCA, and 7 patients with ADCA. Fig. 1 shows the
number of LU25 per IO6 PBL of these subjects. Normal volun

teers had an average of 69 Â±9, while patients with SQCA had
22 Â±20, SCCA patients had 32 Â±14, and patients with ADCA
had 9 Â±7. Overall, the 38 patients with lung cancer had an
average of 20 Â±17 LU25/106 PBLs. Spearman rank correlation

analysis was done to determine any relation between TNM
staging and NK LU activities. There was no such correlation
(tumors vs. LU, P > 0.67; nodes vs. LU, P > 0.25; mÃ©tastases
vs. LU, P > 0.74). Thus, all of the patients with cancer had
significantly (P < 0.05) lower levels of NK lytic activity com
pared to the age-matched, smoking history-matched, normal
volunteers. Removal of adherent cells from the PB of selected
patients and subjects did not alter the NK lytic activity.

Phenotypic Analysis of NK Cells in PB. In order to determine
the possible causes of this decreased NK lytic activity, we
concurrently performed phenotypic analysis of the PBLs from
the normal volunteers and the patients with lung cancer. We
evaluated both the absolute number as well as the percentage
of CD56+ PBLs. Fig. 2 shows the percentage of CD56+
lymphocytes in PB of normal subjects and patients with SQCA,
SCCA, and ADCA. The percentages of CD56+ lymphocytes in
PB from the patients with cancer were not significantly (P >
0.1) different from those seen in PB from normal volunteers.
The absolute number of CD56+ lymphocytes in these patients
was also comparable to that in normal individuals (normal
volunteers, 1.3 Â±0.5 x IO7; SQCA, 1.7 Â±1.0 x IO7; SCCA,
1.2 Â±1.0 x IO7;ADCA, 2.0 Â±1.7 x IO7). Thus, the decreased

NK lytic activity in the patient PBLs was not due to a decreased
number or percentage of CD56+ NK lymphocytes in the PB.

NK cells are defined as those lymphocytes displaying the
CD56+ cell surface antigen, and this population of cells can
further be divided based on additional cell surface antigens (8).
Cells expressing CD56+CD16+CD3- represent approxi

mately 10% of all PBL and have the greatest lytic activity
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Fig. I. NK cylotoxicity in PB of 10 normal volunteers compared to 25 patients
with SQCA, 6 with SCCA, and 7 with ADCA as determined against the K562
tumor target.
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Fig. 2. Phenotypic determination of the percentage of PB lymphocytes express
ing CD56 in normal volunteers and patients with lung cancer. Columns, mean
percent; bars, SD. Numbers in parentheses, number of individuals in each group.
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Fig. 3. Phenotypic comparison of CD56+ subpopulations in normal volunteers
(n = 10; D) and patients with lung cancer (n = 38; 0). The subpopulations are
defined as cells expressing CD56+CD16+CD3-, CD56+CD16-CD3+, and
CD56+CD16â€”CD3- (8). Columns, mean percentage that each subpopulation
represents in the total CD56+-expressing lymphocyte population: bars, SD.
Statistical comparisons were done using the Mann-Whitney U test.

against NK-sensitive targets. Another cell population which
expressed CD56+CD16-CD3+ and makes up less than 5% of
PBLs also has lytic activity against NK-sensitive targets but is
not as lytic as the predominant CD56+CD16+CD3- NK cell

population. A third population of NK cells expresses CD56+
but is CD 16â€”CD3â€”.This population represents less than 2%
of PBLs and is marginally lytic against NK-sensitive tumor
cells.

In our study, we quantitated NK subpopulations (as defined
by cell surface expression of CD56, CD 16, and CD3) in the PB
of patients with lung cancer and normal volunteers. The results
are shown in Fig. 3 with the data presented as the percentage
that each subpopulation contributes to the total overall NK
(CD56+) cell population. There was no significant difference
(P > 0.1) between the cancer patients (48%) and normal vol
unteers (53%) in the subpopulation characterized by
CD56+CD16+CD3â€” cell surface markers, which are the pre

dominant of NK cell subpopulations and represent the most
lytic of the subpopulations. However, CD56+CD16-CD3+
cells were significantly (P < 0.001) decreased in patients with
cancer, representing only 30% of the NK cell population com
pared to 45% of the NK cell population in normal volunteers.
The most dramatic differences were observed in the NK cell
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Fig. 4. Phenotypic comparison of CD56+ subpopulations in normal volunteers
(n = 10) and 25 patients with SQCA, 6 with SCCA. and 7 with ADCA. The
subpopulations are defined as cells expressing CD56+CD16+CD3-.
CD56+CD16-CD3+, and CD56+CD16-CD3- (8). Columns, mean percentage
that each subpopulation represents in the total CD56+-expressing lymphocyte
population; bars, SD. Statistical comparisons were done using the Mann-Whitney
I/test.

population expressing CD56+CD16-CD3- cells. Only about

2% of NK cells from normal subjects displayed this phenotype,
whereas patients with lung cancer had a significantly (P <
0.001) higher (22%) proportion of this subpopulation. Taking
note of the fact that the CD56+CD16-CD3- cells represent

the least lytic of the NK cell subpopulations in PBL, the
predominance of this NK cell population in the PBLs of pa
tients with lung cancer could account for the decreased NK lytic
activity in their PB. Spearman rank correlation analysis was
done to determine the relation between NK subpopulation
distribution and NK lytic activity (LLWIO6 PBLs). The pres
ence of a large proportion of CD56+CD16â€”CD3â€” cells cor

related with low NK activity (P < 0.005).
Fig. 4 shows the distribution of CD56+ subpopulations ac

cording to the histological type of bronchogenic carcinoma of
the patients. These data demonstrate that PBLs from the pa
tients, regardless of the type of cancer, had comparable distri
bution of NK subpopulations. In addition, there was no corre
lation (r2 = 0.31 ) with NK subpopulation distribution and TNM

staging. Thus, the predominance of the least lytic NK cell
subpopulations was observed in all histological types.

Generation of LAK Cells from PB of Patients with Lung
Cancer. Many types of tumors, including those of pulmonary
origin, are more susceptible to lysis of PBLs that have been
cultured in IL-2 and express LAK cell lytic activity (16). We
cultured the PBLs of patients (n = 20) with lung cancer and
the normal volunteers (n = 10) for 6 days in 200 units/ml of
IL-2 to determine the ability of PB to generate LAK cells,
especially since these PBLs differed so greatly in their initial
distribution of NK subpopulations. The results are shown in
Table 1, and the data are presented as the number of LU?0/106

cultured cells. The LAK cell lytic activity was evaluated against
the K562 target, as well as Daudi and A549 tumor cells (Daudi
and A549 are resistant to NK-mediated lysis but are susceptible
to LAK cell lysis). Furthermore, the A549 tumor of pulmonary
origin is obtained from a patient with ADCA. There was no
significant difference (P > 0.1) in the number of LUso/106

cultured cells in any of the PBL cell cultures against any of the
targets tested. Thus, even though the NK subpopulations in
patients with cancer and those from normal volunteers were
significantly different in both their phenotypes and NK lytic

activities, there was no difference in their ability to generate
LAK cell lysis.

Cells that were cultured in IL-2 were concurrently phenotyp-

ically evaluated for the distribution of NK subpopulations fol
lowing culture (Table 2). There was no difference in the distri
bution of NK subpopulations of patients with cancer or in
normal volunteers following culture, even though the LAK lytic
activity in the PBL from lung cancer patients increased to a
level comparable to that of normal volunteers. Thus, the ability
to generate LAK cell activity in PBL populations from patients
with lung cancer or normal volunteers was dependent upon the
activation of the subpopulations by IL-2 and did not represent
changes in the distribution of NK subpopulations toward those
subpopulations which display greater lytic activity.

Kinetic Analysis and Binding Ability of NK Cells. We further
evaluated the NK lytic activity of patients with lung cancer in
order to determine the cause of reduced tumor cell kill. Among
the reasons that could account for this decreased lytic activity
was that the CD56+CD16-CD3- NK subpopulation was less

effective in binding tumor targets than the other NK cell pop
ulations which were more predominant in normal PBL. Alter
natively, the number of NK cells that were capable of binding
to the target but were also subsequently capable of lysing the
tumor could be less. A third possibility was that the rate of kill
by this subpopulation was much less, even though their binding
and ability to kill once they bound to the target were not
affected. We evaluated which of these three possibilities were
responsible for depressed NK lytic activity in patients with lung
cancer using single cell binding and kinetic analysis assays.

The kinetic analysis assay determined the maximum rate of
target cell lysis/h by a given effector cell population (Vmax),and
we concurrently evaluated the binding and lytic activity of these
cells in single cell binding assays. The results are shown in
Table 3. The maximum rate of target cell lysis (Vmax)for PBL
from three normal volunteers was 41,476 target cells killed per
hour which was significantly higher (P < 0.05) than that ob
served with PBL from five patients with lung cancer (SQCA)
(Vmax= 5,422). In a concurrently run standard cell-mediated

Table l L4K cell lytic activity of PBLs from patients with lung cancer

Tumor celltargetsSource

ofPBLsNormal

(n = 10)
Cancer (n = 20)K56241.

7 Â±82.3Â°

74.8 Â±96.4Daudi113.2
Â±62.8

147.6 Â±57.3A54962.7
Â±29.7

102.6 Â±47.2
Â°Average Â±SD of lytic units required to elicit 50% lysis of the target cell

population/IO6 cultured cells. PB lymphocytes from normal subjects and patients
with cancer were cultured Â¡n200 units of IL-2/ml for 6 days and then evaluated
against K562. Daudi, and A549 tumor targets. No significant (P > 0.25) differ
ences were seen in comparing PB from normal or cancerous PB against any of
the targets.

Table 2 CD56+ subpopulation distribution before and after culture in IL-2

CD56+ subpopulation distribution (%)

Source of PBL CD16 + CD3- CD 16 - CD3+ CD16-CD3-

NormalFreshCulturedPatientFreshCultured53.1
Â±6.2"48.6

Â±5.148.0

Â±5.753.1
Â±7.344.0

Â±3.748.0
Â±4.332.3

Â±4.128.5
Â±4.52.9

Â±1.43.4
Â±2.420.1

Â±5.218.5
Â±7.1

" Average Â±SD of percentage of the total CD56+ NK cell populations express

ing the respective CD 16 and CD3 cell surface markers. The PBLs were the same
used to determine LAK cell lytic activity in Table 1. No significant (P > 0.32)
difference was seen in the NK subpopulation distribution of fresh compared with
cultured PBLs Â¡neither patients or normal volunteers.
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Table 3 Kinetic and single cell binding analysis ofNK activity in the peripheral
blood of patients with lung cancer

Source of PBLs

LLW106
PBLs4

Bound
effectors'

Lytic
effectors'*

NormaliÂ« = 3) 41.476 Â±2,977 63 Â±4 0.61 Â±0.07 0.41 Â±0.11
Cancer (n = 5) 5.422 Â±291' 24 Â±6' 0.67 + 0.12 0.39 Â±0.13

" Triplicate microwells containing a constant number (2 x 10*) of PBLs from

normal subjects or patients with lung cancer were incubated with varying numbers
(30 x IO4to 2.5 x IO3cells/well) of "Cr-labeled K562 target cells for 2.5 h in a

kinetic analysis of lytic activity. The average FmaxÂ±SD (maximum velocity of
target cell lysis expressed as maximum number of target cells lysed/h) was
calculated from a Hane's plot. The correlation coefficients (r2) of linear regression

analyses were >0.9.
* PBLs were concurrently evaluated from specific lytic activity in a standard

cell-mediated lymphocyte assay using four effectortarget cell ratios. Data are
expressed as the average number of lytic units (LU) required to elicit 25% lysis
of the tumor target cell per IO6 PBLs Â±SD.

' The fraction of bound PBL effector cells binding to the K562 tumor targets

as determined in the single cell assay.
* The fraction of bound PBL effector cells that caused lysis of the K562 tumor

cell targets.
' Significantly (/' < 0.05) different than values obtained for normal PBLs as

determined by the Mann-Whitney U test.

lysis assay, PBLs from patients with lung cancer had signifi
cantly (P < 0.05) lower values of LU25/106 PBLs.

The ability of these same PBL to bind and subsequently lyse
K562 tumor targets was evaluated in a single cell assay (Table
3). There was no significant difference (P > 0.1) in the ability
of PBL from patients with lung cancer to bind or, once
bound, to subsequently lyse the tumor targets. Thus, the de
creased NK lytic activity observed in PBLs of patients with lung
cancer is most likely due to the predominance of the
CD56+CD16-CD3- NK subpopulation and its associated
minimal lytic activity against NK-sensitive targets. This inabil
ity to efficiently kill the tumor targets was due to a lower rate
of kill rather than to defects associated with binding or the
ability to kill the target once the effector was bound.

The addition of IL-2 during a lytic assay has been shown to
increase the lytic activity of normal NK cells (16). In addition,
we have shown that, with normal PBLs, addition of IL-2
increases the rate of kill produced by the NK cell during the
assay (17). The addition of IL-2 during the assay does not alter
the specificity of the effector cells in that they are only capable
of killing NK-sensitive and not NK-resistant, LAK-sensitive
targets. IL-2 was added to the lytic assay wells containing PBLs
from two patients with SQCA and two normal volunteers, and
the kinetic parameters were determined. The Vmaxof PBLs of
normal volunteers was increased to 60,223 Â±1,422 target cells
killed per hour, while the Vmaxof PBLs from the patients
increased to 48,322 Â±463 target cells killed per hour. Thus,
there is no inherent defect in the NK subpopulations of patients
with lung cancer, but rather their predominant NK subpopula-
tion is characterized not by the inability to kill tumor cells but
rather by their killing of tumor targets at a significantly lower
rate than can be observed with the other NK subpopulations.

DISCUSSION

We have found that patients with newly diagnosed broncho-
genie carcinoma, prior to treatment, have significantly de
creased peripheral blood NK cell lytic activity. These patients
were not leukopenic and had comparable absolute numbers and
percentages of CD56+ NK cells compared to the PB of age-
matched normal volunteers. Some studies that have evaluated
PB NK lytic activity in patients with cancer have either not
detected any differences between activity in normal controls
and the patient population (18-20) or have noted decreased

activity in patient PB NK activity (9, 10, 21-23). Balch et al.
(9) evaluated the PB NK activity in 247 patients with various
forms of cancer and in 127 normal volunteers and documented
expression of NK lytic activity in the PB of patients with cancer,
regardless of the type, provided that the age and sex of the
normal group being used for comparison were equivalent. The
normal volunteers in our study were not only comparable in
age but also for smoking history and other additional demo
graphic criteria (24). Thus, the decreased lytic activity in this
paper is a reflection of the presence of tumor.

All histological types of bronchogenic carcinoma (SQCA,
SCCA, and ADCA) evaluated in this study resulted in depressed
PB NK lytic activity, and there were no significant differences
observed in activity among these patients. In general, patients
with ADCA tended to have the lowest NK activity, and those
with SQCA the highest activity within the patient population
examined. Similarly, there was no correlation between the
TNM staging and the lytic activity of patient PB. Schantz et al.
(22) described depressed PB NK lytic activity in 127 patients
with head and neck SQCA and also reported the absence of
correlation of lytic activity with any of the standard staging
methods. However, patients expressing higher NK lytic activity,
even though less than normal controls, generally had a better
prognosis in terms of survival. We are currently following the
patient population reported in this study to determine if the
extent of NK PB lytic activity at the time of diagnosis correlates
with overall survival, disease-free survival, or time until metas
tasis or recurrence.

Since the absolute number and percentage of CD56+ NK
cells were comparable in patient and volunteer PB, we sought
an explanation for the discrepancies in lytic activity. Lanier et
al. (8) have defined subpopulations of NK cells in normal
individuals based on phenotypic markers: The predominant NK
subpopulation expresses CD56+CD16+CD3- and is the most
lytic; cells expressing CD56+CD16â€”CD3+ are less prevalent

and are moderately lytic; and a small proportion of cells are
CD56+CD16-CD3- which kill NK-sensitive targets but only
minimally. In this paper, we characterized phenotypically the
NK subpopulations of patient and normal PB using the above
cell surface markers. While both patient and normal PB had
comparable levels of CD56-t-CD16+CD3- NK cells, they dif

fered significantly (P< 0.001) in the other two subpopulations.
Patients with lung cancer had fewer NK PB subpopulations
expressing CD56+CD16-CD3+ while having 10 times more
of the NK cells expressing CD56+CD16-CD3-. Since this
later population is the least lytic of the three NK subpopula-
tions, it appears that decreased lytic activity of NK cells in this
patient population is related to the distribution of NK subpop-
ulations that are present. In fact, the presence of a high pro
portion of CD56+CD16-CD3- cells in PBL populations cor
related (P < 0.005) with low NK cell lytic activity.

Differences in NK subpopulations have previously been pro
posed to explain differences in data obtained by other investi
gators (9, 25), and it has been suggested that different matura-
tional states of NK cells, with associated differences in lytic
function, may explain the often observed decreased lytic activity
in PB of patients with cancer. It may be that NK cells in cancer
patients are more immature, reflecting a block in NK cell
differentiation. This "block" may reflect the presence of a

suppressive agent or alternatively the absence of a required
cytokine. Recently, we have observed that serum from patients
with lung cancer decreased the lytic activity of autologous
patient and normal PB NK cells after 24 h of exposure in vitro.
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Serum from the normal individual had no effect on the NK
lytic activity.4 While these preliminary data suggest the presence

of a suppressive component in patient serum which affects NK
lytic activity, much further investigation is required to establish
whether decreased lytic activity in patients is a result of sub-
population distribution, maturational stages, or the presence of
factor(s).

The decreased lytic activity of NK cells in PB of patients with
lung cancer did not predict their ability to generate lymphokine-
activated killer cell activity upon culture with exogenous IL-2.
PB lymphocytes from both normal and patients with cancer
were capable of generating equivalent levels of LAK cell activity;
however, the phenotype of the subpopulations remained com
parable to before culture.

The decreased lytic activity of patient NK cells could be
associated with less effective binding of their NK cells, a de
crease in the number of NK cells capable of killing once they
are bound to tumor targets, or decreases in the rate of kill of
these effector cell populations. In data presented in this paper,
we demonstrate that NK cells of patients with lung cancer are
not defective in their binding capabilities or in their ability to
kill once they are bound to the target cell. However, these NK
cells kill the targets at a decreased rate compared to NK cells
from normal individuals. IL-2, when added during the lytic
assay, has been demonstrated to increase cytotoxicity of various
cell populations (16, 25). In this current study as well, addition
of IL-2 to NK cells of the patients significantly increased their
cytolytic potential. Thus, the NK cells do not have an inherent
defect in their ability to bind or to kill tumor targets but, rather,
contain a large proportion of NK subpopulations which kill at
a slower rate. Whether the presence of these less lytic subpop-
ulations is due to a maturational defect is currently under
investigation.
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