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The activity of natural killer (NK) cells of peripheral stem cell (PSC) products from 24 patients with
non-Hodgkin’s lymphoma (NHL) were examined both before and following 5 days co-incubation with IL-2.
This study showed that the PSC products prior to IL-2 incubation had higher NK activity than bone marrow
(BM) products (p<0.001), but with activity similar to normal peripheral blood leukocytes (PBL). Following
IL-2 activation, PSC and BM cells had lower NK activity compared to PBL from normal donors (p<0.001).
When leukocytes were cultured in the presence of IL-2 for 5 days, the NK activity of BM cells was
significantly lower than both PBL and PSC (p<0.01), but there was no difference between PBL and PSC.
The NK activities of PSC, BM and PBL were increased 176, 14 and 40 folds compared to cells prior to IL-2
culture (all of these p<0.001). As these results stexwivo threat of PSC before PSC transplantation is
capable of to increase defective NK-cytotoxicity. [Turgut Ozal Tip Merkezi Dergisi 1996;3(3):177-182]
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Non-Hodgkin lenfomali hastalardan elde edilen periferik stem cell ve kemik iligi
hucrelerinin natural killer aktivitesi tzerine interleukin-2’nin etkisi

Non-Hodgkin lenfomalt 24 hastadan elde edilen periferik stem cell (PSC) iiriinlerinin natural killer (NK)
hiicre aktivitesi, IL-2 ile kiiltiirden once ve 5 giin IL-2 ile birlikte kiiltiir yapilarak incelendi. Bu ¢alismaya
gore PSC iiriinleri IL-2 ile stimiile edilmeden once kemik iligi (BM) iiriinlerinden daha yiiksek NK cell
aktivitesine sahip (p<0.001) iken normal periferik kan Iokositleri (PBL) ne esdeger aktivite gosterdi.
Interleukin-2 aktivasyonundan sonra, PSC ve BM hiicrelerinin NK hiicre aktivitesi, normal donérlerden elde
edilen PBLye gore daha diisiiktii (p<0.001). Lokositler IL-2 ile 5 giin kiiltiir yapilinca, BM hiicrelerinin NK
aktivitesi hem PBL hem de PSC den anlamli olarak daha diisiik (p<0.01) iken PBL ve PSC arasinda farkliik
gozlenmedi. IL-2 ile kiiltiir oncesine gére PSC, BM ve PBL 'nin NK aktivitesi, kiiltiirden sonra, swrasila 176,
14 ve 40 kat artma gdsterdi (timu igin p<0.001). Bu sonuglar, PSC transplantasyonundan dnce PSC'in in
vitro IL-2 ile muamele edilmesi yoluyla defektif NK-sitotoksisitesini diizeltilebilecegini gostermektedir.
[Journal of Turgut Ozal Medical Center 1996;3(3):177-182]
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Recent studies have shown that the immun@&M transplantation (n=10) at the University of
function of PBL following autologous bone marrow Nebraska Medical Center (UNMC) were entered
(ABM) transplantation and peripheral stem cellinto these studies. Written informed consent for
(PSC) transplantation is significantly suppressedtem cell collection and autologous transplantation
compared to normal PBL (1-6). Following stem cellwas obtained from each patient. Peripheral blood
transplantation, patients undergo a prolonged periodrogenitor cells were mobilized with granulocyte-
of T cell immunodeficiency including their immune monocyte colony stimulating factor (GM-CSF) by
responses to antigen and mitogen induced T celhtravenous administration of 250g/M? and a
proliferation and IL-2 production (7). In contrast to target dose of 6.5xf0mononuclear cells/kg body
these observations, lymphocyte proliferativeweight, and samples were collected and
response to high concentration of IL-2 in thecryopreserved. A minimum of three apheresis
absence of antigen stimulation has been reported &essions were performed beginning at three or more
normalize more rapidly following transplantation days after the initiation of GM-CSF administration.
and to be associated with the presence of normal ¢iollowing stem cell transplantation, all patients
increased numbers of circulating NK (cells) (8). received GM-CSF until their absolute neutrophil
count was_>500/mPfnon two consecutive days. BM
groducts were collected according to protocol
established at the University of Nebraska Medical
. , . Center. All samples were obtained using protocols
activated killer (LAK) cell activity, enhances approved by the Institutional Review Board of

monocyte  cytotoxicity, and stimulates the . .
proliferation of B cells (9,10). However, IL-2 UNMC. In addition, PBL were obtained from 20
normal healthy volunteer donors.

supported proliferation is dependent on the presence
of one of several membrane receptors on T, NK and Cell isolation The PSC, BM or PB was diluted
B lymphocytes. During steady state condition, 10%l:1 (1:2 for PSC products) in Hanks Balanced Salt
of NK cells as compared to 1% of the total Solution (HBSS) (Gibco BRL, Grand Island, NY),
peripheral blood mononuclear cell (PBMC) cellularlayered on Ficoll Hypaque (Organon Teknika,
population express IL-2 receptors (11,12).Durham, NC) and centrifuged for 20 minutes at
Furthermore, IL-2 receptors are also found orl400 rpm. After centrifugation, the aqueous layer
monocytes (12,13). However, within steady statevas removed and the mononuclear cell layer
peripheral blood only NK cells express the hightransferred to another tube. The cells were then
affinity IL-2 receptors necessary for proliferation aswashed twice in HBSS and adjusted to #h0in
compared to other cell types including T cells whichRPMI-1640 (Gibco BRL, Grand Island, NY)
must have their receptors upregulated by antigenontaining 10% fetal bovine serum (FBS) (Hyclone,
stimulation (9,14,15). Logan UT), 10 mM HEPES (Research Organics,

The aim of this study was to evaluate theCIeveIand, OH), 40ug/ml Gentamycin (Gibco

response of NK cells to IL-2 in PSC in BM productBRL) and 2 mM L-Glutamine (Gibco BRL).

from NHL patients. Because IL-2 have a pivotal Cell culture. K562, a NK-seriive, human
role in lymphocyte proliferation, we have examinedchronic myeloid leukemia cell line in blast crisis
the ability of IL-2 to extend the activity of NK-cells (ATCC #CCL243) was grown in RPMI640
from both BM and PSC products compared to thaiedium supplemented with 10% (v/v) heat
of the PBL from healthy donors using short-term (Sinactivated fetal calf serum (FCS), 2 mM L-

IL-2 supports the proliferation of T cells,
stimulates the production of cytokines, supports th
proliferation of NK cells, augments lymphokine

day) cultures with IL-2. glutamine and 4Qg/ml Gentamycin.
Five days IL-2 co-culture. Fresh PSC's, BM
MATERIALS AND METHODS cells, and PBLs were cultured in RPMI-1640

medium supplemented with 10% FCS, 2 mM L-

. . glutamine and 40 pg/ml gentamycin. For each
Patients.Between August995 and April 1996, experiment, a T-25 tissue culture flasks (Costar,

a total of 24 consecutive intermediate grade NH . . .
patients who were candidates for high dose theraI[;C :rmz;dge_’”':g ':)e V\flgzkesStsvbel:'sehesdu;;Nplfgmle)?n]:[?c:lswith

(HDT) and PSC transplantation (n=14) or autologu recombinant human IL-2 (Chiron Corporation,
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Emeryville, CA) (specific activity 3x10units/mg) To normalize the results from the cytotoxicity
at a final concentration of 100 IU/ml. Cultures wereassay using different E:T cells ratios, the percent
incubated at 37°C in a 5% G@cubator for 5 days, cytotoxicity was converted to lytic units (LU). One
after which period cells were harvested and testedU was defined as the number of effector cells
for cytotoxicity. required to cause 20% specifilCr release from
1x10° target cells; the cytotoxicity in LU/10

NK cytotoxicity assay Cytotoxic activity was effector cells was computed (16-18).

assayed againdiCr-labeled K562 tumor target cells

before and after in vitro activation with IL-2. The Statistics Results of experimental data obtained

target tumor cells were labeled with 50 uCi of,Na from multiple experiments were reported as mean *

standard error of the mean (SEM). Significance

Experimental Release (ER) - Spontaneous Relea  levels were determined by the Student’s unpaired t-
Total Release (IR) - Spontaneous Release (S test analysis using SPSS for Wind6ws

%o Spesific Lysis =

*ICrO, (Amersham Corp., Arlington Heights, IL).

K562 cells (~10 cells) were incubated with 50 pCi RESULTS

ICr in 1 ml RPMI-10 for 1 hour at 37°C. After

incubation, cells were washed and reincubated in 5 Patients.The median age of the PSCT patients
ml RPMI-10 for 45 minutes. Therr'Cr-labeled was 45 years (range 32 to 68 years) and 49 years
target cells were rewashed 2 times, cell viability wagrange 34 to 68 years) for the autologous BMT
assessed by trypan blue exclusion and adjusted fmtients. The PSCT patients were 8 males while the
1x1@ cells/ml. In the studies of fresh (prior to IL-2 BMT patients were 7 males.

culture) effector cells in 10Q0 of RPMI-10 were o , .
; NK cell activity. The comparison of NK activit
added to the wells of 96-well plates to achieve ity par VY

effector-target (E:T) cell ratios of 40:1, 20:1, 10:1WIthIn the cells of BM and GM-CSF-mobilized PSC

and 5:1 for NK assay. After culture with 1L-2, E-T products from NHL patients revealed significant

ratios were adjusted to 10:1, 5:1, 2.5:1 and 1.25:1d|fferences. BM cells had significantly lower NK

._—cell activity (Figure 1) compared to PSC products
Effector and target cells (100,000/well) were m'x.edand normal PBL at a 40:1 E:T ratio (p<0.001 and

;n. I.mlind'b Oétom %G—twgll ¢ m'i{Otr']ter pla;[esS?:nc p< 0.001, respectively). In contrast, NK cell activity
S”p'C?e an mcdu atlet | orl ours tal ‘from the cells within the PSC products was not
pontaneous an otal release controis Wergignificantly different from that observed within

prepared for each assay with culture medium alonﬁormal PB leukocytes (p=0.269). A comparison of

0 : . .
or 2% ;rnt:)n X. At thhe e”:j dOf |npubat|on,8|(thte lytic units (20% cytotoxicity per IOcells) showed
235::23:&8 kYZ\?\r/izsterarveszys/s?em uSI(nSgkatﬁlon i\rgt at normal PBL had 15 lytic units (20%
Libergysen, Lier, Norway). ThECr released from ¢ytotoxicity per 10 effector cells), whereas the cells

. from PSC products had 0.5 lytic units and the BM
lysed cells was measured as count per minute (cp

. lIs had -0.4 lytic units. Figure 1b shows that NK
:Jnsslggrr?esf Cckigb;?,br%:egagrg?: cé(:ruenéter ﬁ;?;:rgell activity increased following co-culture of all of
' Co e cell products in IL-2 at 100 1U/ml for five days.

CT). The percent target cells lysed (activity of products 1 v Y

. ) However, similar to the fresh products, a
fLoAr\rﬁ/ul\ll; cells) was calculated with the following significantly lower level of NK cell activity was

found in the BM as compared to the PSC products
ER was defined as the mean cpm of release{<0.01) and normal PBL (p<0.01). Following co-
*ICr in supernatant from effector plus target cellsculture of the BM cells, six lytic units was observed
TR was defined as the mean cpm of totdlr  which is in contrast to the 88 lytic units observed
incorporated by the combination to target cells plugollowing co-culture of PSC cells and the 60 lytic
2% Triton-X, and SR was defined as the mean cpranits observed following co-culture of normal PBL.
of *'Cr detected in the supernatant of target cellNo significant difference at either an E:T ratio of
clone (includes target cells plus RPMI-10). The SRLO:1 or 5:1 was observed in the NK cell activity of
was < 5% of maximum incorporatétCr. GM-CSF mobilized PSC stem cell products and
normal PBL.
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DISCUSSION

advantage is somewhat controversial, as the patients
receiving ABMT have not received mobilized BM

PSCT has been used increasingly as aand this is not felt to be a valid comparison. The
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Figure 1. NK cytotoxicity levels against K562 in PBL from
normal donors and PSC and BM from NHL patients
before in vitro activation with IL-2 (A). NK
cytotoxic activity of PBL, PSC and BM cells
cultured for 5 days in the presence of 100 U/ml IL-2
(B). Data represent the mean specific lysiSE.
The lytic unite (Lud107 cells) are shown in the bar.
*Significant difference compared to PBL (p<0.001).
#Significant difference compared to PSC (p<0.001).

apparent more rapid immunologic reconstitution
following PSCT has been an interesting observation
(20). It appears that both ABMT and PSCT may
results in the reinfusion of tumor cells from the
harvested stem cell products. Cervargeal. (22)
have been analyzed the NHL patients which they
treated with ABMT over an 11-year period, and
reported in a series of 34 patients that tumor
involvement of BM was 68%. Bradat al. (23)
reported that 30% of patients with histologically
normal BM had circulating lymphoma cells. PSC
harvested from patients during the recovery phase
from chemotherapy-induced neutropenia are an
alternative source of pluripotent hematopoietic
progenitor cells with the possible added advantage
of a lower tumor cell contamination (24). Recently,
there has been several studies using purged stem cell
products which have suggested that the removal of
tumor cells from within the products results in a
significant prolongation of failure free and overall
survival (25). However, regardless of the use of
purged products many of the patients still relapse
due to the inability of the conditioning regimen to
fully remove all the tumor cells. Therefore,
additional adjuvant therapeutic strategies are needed
to improve the therapeutic efficacy of these different
approaches. One such approach that is currently
focused upon is the use of IL-2 augmented stem cell
products (20) or the use of IL-2 following
transplantation (21). Therefore, we undertook a
study of NK cell augmentation by the culture of
PSC products with IL-2 and examined the T cell and
cytokine responses compared this with the response
of BM cells and normal PB leukocytes. The latter is
particularly important as recent studies from our
laboratory have suggested that there are suppressor
cells within PSC products which may significantly
impact on the proliferative and T cell response of
PSC products.

A number of studies have shown a reduced NK
cell activity in the PSC of NHL patients (15,26-28).
Mazumderet al. showed that activated BM cells

alternative to ABMT after myeloablative therapy in prior to infusion by incubating the cells with IL-2
treatment of malignancies. Perhaps the greatest aressults in increased NK cell activity (29,30). In
of apparent improved efficacy with PSCT asaddition, NK cell activity was restored more quickly
compared to ABMT is the more rapid myeloid (19) after PSCT than after autologous BMT (3). Twenty
and immunologic reconstitution (20) following days after ABMT using IL-2 activated BM cells,
PSCT as compared to BMT (20,21). The formemK cell activity was normal while NK cell activity
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after ABMT requires 30 days to recover (3). The7.
available data suggest that if patients are given IL-2
augmented BM that they may reduce
immunosuppression that is normally observed.

The present study showed that the PSC products
had higher NK activity than BM products (p<0.01),
but there was no difference between PBL and PSC:
The NK activity of IL-2 co-cultured PSC, BM and
PBL was increased 176, 14 and 40 folds compared

to those observed prior to IL-2 culture (p=0.001,,q

p<0.001 and p<0.001, respectively). Vermiaal.

also evaluated the effect of IL-2 on normal BM 11

cultures for up to 2 weeks. Their results
demonstrated that BM cells had an increased NK
cytotoxic activity followingin vitro culture with IL-

2 (31). Thus, PSC products cultured with IL-2 may

result in a reduction in PSC contaminating tumorl3.

cells compared with BM cells.

In summary, we showed that defective NK

cytotoxicity of NHL patients can be repaired in 14.

culture of the stem cell product with IL-2. Since
such treated effector cells also acquire lytic activity
against fresh tumor cells, it is reasonable to suggest
that treatment of NHL patients with IL-2 or adoptive ;5
transfer of in vitro activated autologous NK cells,
may use in the treatment of lymphoma.
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