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Summary. Pretreatment of peripheral blood mononuclear 
cells (PBMC) with 5 mM L-phenylalanine methyl ester 
(PheOMe) provides an efficient means to deplete mono- 
cytes. PheOMe does not affect the number of large granu- 
lar lymphocytes after the pretreatment, but does inhibit 
natural killer cell cytotoxicity temporarily after the pre- 
treatment. However, depletion of monocytes by PheOMe 
allows lymphokine-activated killer (LAK) cell generation 
with recombinant interleukin-2 (rIL-2) at high cell density 
( >  5 × 10 6 cells/ml). The time of the PheOMe pretreatment 
is 40-60 min, though some effect could be observed within 
15 min, and the pretreatment could be performed at room 
temperature. Pretreatment density of PBMC with 5 mM 
PheOMe could be achieved at cell density up to 3 × 10 7 

cells/ml. PheOMe-pretreated cells could be activated by 
rlL-2 in serumless media at high cell density. Pretreatment 
of  PBMC with 5 mM PheOMe provides an efficient means 
to deplete monocytes, as compared to plastic and nylon- 
wool adherence. LAK cell generation is similar in both 
methods of monocyte depletion; therefore, depletion of 
monocytes allows, LAK cell generation at high cell den- 
sity. The PheOMe procedure provides an improved and 
convenient process for preparing LAK cells for adoptive 
immunotherapy. 

Introduction 

Human peripheral blood mononuclear cells (PBMC) incu- 
bated in the presence of interleukin-2 (IL-2) become cyto- 
toxic to a broad spectrum of fresh tumor ¢ell targets and 
cultured tumor cell line targets [2, 13]. These cytotoxic cells 
have been termed lymphokine-activated killer (LAK) cells. 
Natural killer (NK) cells and LAK cells have been impli- 
cated in immunosurveillance against tumor cells [1, 11]. It 
was disclosed by Rosenberg et al. [14] that the systemic ad- 
ministration of autologous LAK cells plus IL-2 to patients 
with advance cancer was beneficial. LAK cells were pre- 
pared at 1 x 106 cells/ml, but the process was tedious be- 
¢ause a large number of cells was needed for each patient. 

It has been shown that monocytes interfere with the ac- 
tivation of LAK activity by IL-2 [4, 5]. L-Leucine methyl 
ester (LeuOMe) and L-phenylalanine methyl ester (Phe- 
OMe) were shown to remove monocytes from human 
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PBMC [4, 7]. However, LeuOMe also depleted NK cells 
[16]. We have reported that depletion of monocytes by 
PheOMe allows generation of LAK cells by rIL-2 at a cell 
density of 5 x l0  6 cells/ml or higher [7]. In the present stud- 
ies, we have attempted to optimize the conditions for 
PheOMe pretreatment of PBMC for LAK activation at 
high cell density. 

Materials and methods 

Preparation of effector cells. Peripheral blood mononuclear 
cells were obtained from Biological Specialty (Lansdale, 
Pa) and separated by Ficoll-Paque (Pharmacia, Piscata- 
way, NJ) density gradient sedimentation [9]. 

Depletion ofmonocytes by PheOMe. PBMC (1 x 10 7 cells/ 
ml) in RPMI-1640 medium after Ficoll separation were in- 
cubated with 5 mM freshly prepared PheOMe at room 
temperature for 40 min. PheOMe stock solution was ad- 
justed to pH 7 and filtered through a 0.22-~tm filter before 
the addition to PBMC. The cells were washed with RPMI- 
1640 medium. 

Depletion of monocytes by plastie and nylon-wool adherence 
[9]. PBMC (3 x 106 cells/ml) in RPMI-1640 with 10% fetal 
calf serum were incubated plastic flasks for 1 h at 37 ° C. 
Nonadherent cells were decanted from the flasks into 
50 ml conical tubes. The cell density was adjusted to 
1 x 108 cells/ml and I ml cell suspension was layered on 
top of nylon-wool columns (0.5 g nylon wool in 5-tal sy- 
ringes). The columns were incubated at 37°C for 40 min. 
The nonadherent cells were eluted from the column with 
20 ml medium. The nonadherent cells were washed with 
RPMI-1640 medium. 

LAK activation and eytotoxieity assay. The cells were cul- 
tured with RPMI-1640 medium supplemented with 10% 
fetal calf serum or various doses of rIL-2 (Du Pont) at var- 
ious cell densities for 4 days at 37 ° C. In some experiments 
cells were cultured with RPMI-1640 supplemented with 4% 
pooled AB human serum or AIM-V serumless medium 
(Gibco, Grand Island, NY). After the culture period, the 
resulting cell were harvested for cytotoxicity assays [9] 
against Raji and K562 51Cr-labeled target cells. All assays 
were earried out in triplicate in round-bottom microtiter 
plates in a total volume of 0.2 ml. Labeled target cells in 
0.1 ml (1 x 10 4 teils) were added to 0.1 ml effector cells at 



248 

various concentrat ions to obtain appropr ia te  final effector 
cell: target cell ratlos (E:T).  The microti ter  plates were 
centrifuged for 3 min at 80 g and then incubated for 2 h 
( N K  assay) or 4 h (LAK assay). Three to four E : T  ratios 
were assessed. The da ta  shown are with an E : T  ratio of  
20:1 in 2-h assays for K562 and 4-h assays for Raji  cells. 
To harvest  for assay, plates were centrifuged for 5 min at 
500 g and 0.1 ml each supernatant  was removed for count- 
ing. The percentage specific lysis was calculated as fol- 
lows: 

Specific 51Cr release (%) = 
experimental release - background release 

maximal release - background release 

The maximal  release was obta ined  by adding 0.1 ml 1% 
Triton X-100 to 0.1 ml target cells. Background release is 
obta ined as the radioact ivi ty  released from target cell incu- 
bated with medium alone;  this value was usually 3%-5% 
of  maximal  release. All  cytotoxicity data  presented are 
from tr ipl icate determinat ions  with the SEM indicated.  
Each exper iment  was repeated at least three times with 
sirnilar results. 

Tumor target cells. Human B cell line, Raji,  and erythroid- 
myeloid  leukemia,  K562, cells were obta ined from the 
Amer ican  Type Culture Collect ion and mainta ined  in 
RPMI  1640 medium supplemented  with 10% fetal calf se- 
rum. The cell lines were checked monthly  for mycoplasma 
by the Hoechst  dye method [3]. Fresh melanoma cells and 
lymphoma  cells were gifts from Dr. J. Rinehart ,  Ohio State 
University,  Colurnbus,  Ohio. N C I  fresh renal  carc inoma 
tumor  466 was a gift from Dr. S. Rosenberg,  NCI ,  Be- 
thesda,  Md. 

[3 H]Thymidine uptake (proliferation). Microcultures were 
incubated in f lat-bottom 96-well plates (Linbro) at 37°C 
and in 5% CO2 in air, as previously described [10]. A 0. l - ta l  
sample of  culture: (1 -2 )  x 106 cel ls /ml ,  0.05 ml culture me- 
dium and 0.05 ml (1 txCi) [methyl-3H]thymidine (sp. act. 
6.7 C i /mmol )  were added  to the plates in quadruplicate .  
After 4-h of  incubat ion the cultures were harvested on 
glass-fiber filter strips with an automat ic  cell harvester. 
The dr ied filters were counted in scinti l lat ion fluid in a 
Beckman scinti l lat ion counter.  

Reagents. Recombinant  IL-2 (1 × 106 U / m g  protein)  was 
from E. I. Du Pont de Nemours  & Co. (Wilmington,  Del). 
The unit  of  activity used throughout  this report  is equal to 
33 BRMP un i t s /ml  activity. L-Phenylalanine methyl ester 
was purchased from Sigma (St. Louis, Miss) and Du Pont. 

Flow cytometric analys&. For  cell-surface marker  analysis, 
2 × 105 cells in 0.1 ml chilled staining buffer solution (phos- 
phate-buffered saline, 15% BSA, and 0.1% sodium azide) 
were p laced in 96-well round-bot tom plate. Various anti- 
bodies  tagged with a f luorescent marker  were added  to the 
cells for 30 min at 4 ° C. The cells were washed twice and 
resuspended in 1% pa ra fo rma ldyhyde  pr ior  to analysis for 
f luoresence on a flow cytometer  (Becton-Dickinson,  
Mounta in  View, Calif). 

Results 

Effect of rlL-2 on LAK activation. 

We determined the effect of  PheOMe pret reatment  of  
PBMC on L A K  generat ion by rlL-2. PBMC were isolated 
from the b lood of  healthy donors  using Ficol l -Paque gra- 
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Fig. 1. Heparinized blood was separated by Ficoll-Paque density gradient sedimentation. The PBMC were suspended to 1 × 107 cells/ml 
in RPMI 1640 containing 10% fetal calf serum. PheOMe was dissolved in RPMI, the pH of the solution was adjusted to 7.0, and the 
solution was filtered through a 0.22-l.tm filter. The PBMC were incubated with 1-5 mM PheOMe in polypropylene 50-ml conical tubes 
for 40 min at room temperature. The resulting lymphocytes were washed twice with cold RPMI and resuspended in RPMI/10% fetal calf 
serum. The cells (1 ml) were cultured with medium or various doses of rlL-2 (Du Pont) at 5 × 106 cells/ml in polypropylene tubes for 4 
days at 37 ° C. After the culture period, the resulting cells were harvested for cytotoxicity assays against Raji (A) and K562 (B) 5~Cr-la- 
beled target cells. Three E:T ratios were assessed. The data shown are with an E:T ratio of 20:1 in 2-h assays for K562 and 4-h assays for 
Raji cells. Thymidine incorporation (C) of the cultures was assessed by incubation of 2 × 105 cells in 0.2 ml with 0.5 I.tCi [3H]thymidine 
for4h  
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Fig. 2. Cells were prepared as described in the legend to Fig. 1 and 
were incubated with or without 10 U/ml rlL-2 at 5 × 106 cells/ml. 
Fresh melanoma cells (a gift from J. Rinehart, Ohio State Univer- 
sity) were used as the labeled targets 

d ient  centrifugation. PBMC were then incubated with 
5 m M  PheOMe at room temperature  for 40 min. The 
washed cells (5 × 106/ml) were cultured with or  without  
different  doses of  r lL-2 for 4 days. PheOMe treatment  of  
PBMC enhanced some natural  kil ler activity and L A K  ac- 
tivity in the absence of  r lL-2 (Fig. 1). For  example,  L A K  
cytotoxici ty against  Raji  was 2% without  PheOMe pre- 
t reatment  and 12% with 5 m M  PheOMe pretreatment.  This 
enhancement  of  L A K  activity was observed in over 20 dif- 
ferent donors.  The control  cultures without  PheOMe pre- 
t reatment  were not responsive to r lL-2 activation at this 
cell density. However,  PheOMe-t rea ted  cells were able to 
respond  in a dose-dependent  rnanner to r lL-2 between 
0.1 U / m l  and 10 U/ml .  At 100 U / m l  r lL-2 the act ivat ion 
was less than 1 U/re l .  Therefore,  PheOMe abrogates the 
unresponsiveness o f  cells cultured at high cell density 
to rlL-2. Similarly,  [3H]thymidine incorpora t ion  was 
augmented in PheOMe-treated cells in response to various 
doses of  rlL-2. The enhancing effect of  PheOMe treatment  
of  PBMC on subsequent L A K  generat ion could also be 
observed with fresh tumor  cells (Fig. 2). Our  da ta  demon-  
strate that PheOMe-t rea ted  cells cultured for 4 days ac -  
quired some L A K  activity against  the fresh tumor  cells and 
their  activity was further augmented by rlL-2. The un- 
treated cells did  not response to r lL-2 at this cell density. 

Table 1. Effect of PheOMe on natural killer cell lysis, monocytes 
and large granular lymphocytes (LGL) of peripheral blood mono- 
nuclear cells (PBMC) a 

PheOMe Monocytes LGL Cytotoxicity (%)+SEM: 
(mM) (%) (%) E:T ratio 

20:1 10:1 5:1 

0 25.5 16.0  13.8±0.5 8.1±1.4 4.5±0.1 
1 17.0 21.0 7.3±2.7 2.7±0.7 0.6±0.3 
2.5 12.0 22.0 1.3±0.1 0.9±0.5 0 
5 5.0 16 .0  0.7±0.5 1.6±0.6 0 

a PBMC were treated with PheOMe for 40 min at room tempera- 
ture. Natural killer cell lysis was measured by a 2-h »lCr-release 
assay against K562 cells. Percentages of monocytes and LGL were 
determined by Giemsa staining 
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Table 2. Phenotypic surface markers of PBMC pretreated with 
various doses of PheOMe a 

PheOMe Positive for surface marker (%) 
(mM) 

CD4 CD8 CD3 Leul9 LeuM3 

0 59 31 88 6 23 
1 58 28 78 I0 19 
2.5 58 25 79 6 5 
5 56 26 78 5 2 

PBMC from a different donor were treated with PheOMe for 40 
min at room temperature. The cells were stained with the various 
monoclonal antibodies and analysed by flow cytometry. CD4 
(Leu3), CD8 (Leu2) and CD3 (Leu4) are T cell markers. Leul9 
(NKH-I) is a natural killer cell marker. LeuM3 (CD14) is mono- 
cyte/macrophage marker 

Effect of PheOMe pretreatment on monocytes 

PBMC were pretreated with PheOMe ( 1 - 5  mM) at room 
temperature  for 40 min and washed. The cells were ana- 
lyzed for N K  activity against  K562 target cells. As shown 
in Table 1, PheOMe temporar i ly  abrogated  N K  activity 
and depleted monocytes  from PBMC in a dose-dependent  
manner .  PheOMe at 5 m M  completely abrogated the N K  
activity. However,  the t reatment  had little effect on the 
number  of  large granular  lymphocytes  isolated. The deple- 
t ion of  monocytes and the lack of  effect on large granular  
lymphocytes  with PheOMe were later conf i rmed in sepa- 
rate experiments by flow cytometr ic  analyses (Table 2). A1- 
together the effect o f  PheOMe on PBMC was different 
from that of  LeuOMe, which depleted monocytes,  large 
granular  lymphocytes  and N K  activity [16]. 

Comparison of PheOMe depletion of monocytes by physical 
treatments 

PBMC were pre t rea ted  with 5 m M  PheOMe at room tem- 
perature  for 40 min and washed. At  the same time, PBMC 
from the same donor  were subjected to plast ic  and nylon- 
wool  adherence.  The resulting nonadheren t  cells were then 
pre t reated with 5 m M  PheOMe. As shown in Table 3, 
PheOMe at 5 m M  depleted monocytes  from 29.9% to 1.0% 
(eight donors).  However ,  the t reatment  had  little effect on 
the number  of  large granular  lymphocytes  isolated. The 

Table 3. Effect of PheOMe and physical adherence treatment of 
peripheral blood mononuclear cells on monocytes and large gran- 
ular lymphocytes (LGL) • 

Cells PheOMe Monocytes LGL 
(mM) (%) (%) 

PBMC 0 29.9±6.9 14.8±4.7 
5 1.0±1.0 20.0±7.2 

Nonadherent 0 3.9±4.8 23.7±6.4 
5 0.8±0.8 27.2±3.0 

a Half of the PBMC were treated with medium alone or with me- 
dium containing 5 mM PheOMe for 40 min at room temperature. 
The other half of the PBMC (nonadherent) were depleted of mono- 
cytes by adherence to plastic flasks and nylon wool and treated 
as above (in medium with or without 5 mM PheOMe). Monocytes 
and LGL were determined by Giemsa staining. Data shown are 
the means__+ SEM (eight experiments) 
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Table 4. Effect of PheOMe and physical adherence treatment of 
PBMC on recombinant human interleukin-2 activation~ 

Cyto- Cells PhOMe 
toxicity (mM) 
against 

E:T ratio 

20:1 10:1 5:1 

K562 PBMC 0 0.5 0 0.0 + 0.4 
5 50.7__+_0.8 29.1+1.0 14.8_+0.9 

NA 0 45.5+__0.2 27.2+ 1.4 13.6_+ 1.3 
5 50.6_+1.2 35.7+1.2 18.1-+0.1 

Raji PBMC 0 2.5 ± 0.5 0 0 
5 30.7-+1.5 20.7+1.4 11.5+1.1 

NA 0 27.3+0.2 18.8-+0.5 11.7-+0.9 
5 37.0_+1.3 25.3___0.2 12.4-+0.6 

Fresh PBMC 0 10.6±1.1 7.0+0.1 1.2±0.4 
lymphoma 5 23.5±0.9 18.6-+0.1 11.2±1.6 

NA 0 24.7±1.4 19.3±2.3 12.3±1.2 
5 27.7±1.6 18.0_+1.0 9.1±0.1 

Fresh PBMC 0 2.0±0.5 1.0±0.5 0 
renal 5 25.7±1.2 16.1-+1.5 7.3-+0.5 
carcinoma NA 0 32.0+0.5 24.1-+1.8 12.9± 1.9 

5 29.6_+0.2 21.4±1.0 13.6±1.4 

a See Table l legend for details of cell treatments. 
»~Cr-release assays were performed as described in 
and methods. NA, nonadherent 

Four-hour 
Materials 

nonadherent  cells from plast ic  and  nylon-wool  t reatments 
contained 3.9% monocytes.  PheOMe treatment  of  the non- 
adherent  cells reduced the monocytes  to 0.8%. PheOMe 
treatment  of  nonadherent  cells had  little effect on the per- 
centage of large granular  lymphocytes.  

The four cell prepara t ions  were cultured at 5 x 106 
cel ls /ml  with 10 U / t a l  rIL-2 for 4 days and assayed for 
N K  and L A K  activity. As shown in Table 4, PBMC con- 
ra±hing monocytes  did  not  respond  well to rIL-2 in lysing 
K562, Raji,  and two fresh tumor  targets. Deplet ion of  
monocytes  from PBMC, either by PheOMe and physical  
adherence,  enabled these cells to respond to rIL-2, Nonad-  
herent cells were act ivated by rIL-2 to the same extent as 
PheOMe-treated cells. Treatment  of  nonadherent  cells 
with PheOMe did not  alter their response to rIL-2. 
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Fig. 3. PBMC were treated with or without 5 mM PheOMe. The 
resulting lymphocytes were cultured at 1.25 x 106 - 20 × 106 cells/ 
ml for 4 days. NCI fresh renal careinoma tumor 466 (a gift from 
S. Rosenberg) was used as the source of labeled target cells 
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Fig. 4. Effect of cell density on PheOMe pretreatment. PBMC at 
various densities were incubated with 5 mM PheOMe for 40 min 
at room temperature. The washed cells were incubated with or 
without 10 U/tal rlL-2 for 3 days and assayed for cytotoxicity 
against Raji target teils 

Effect of culture cell density on rlL-2 activation 

Since most  L A K  generations from PBMC have been re- 
por ted  at 1 - 2 x  106 cel ls /ml  we compared  the effect of  
PheOMe in cultures with different cell density on L A K  
generation. Control  PBMC- and PheOMe-treated cells 
were cultured at 1.25×106 5.0x106, 10.0×106 and 
20.0 × 106 ce l l s /ml  with 10 U / m l  rIL-2 for 4 days (Fig. 3). 
Control  cells responded  marginal ly  to rIL-2 at a cell den- 
sity of  1.25 x 106 cel ls /ml.  As the cell density increased the 
control  cells decreased their responsiveness to rIL-2. For  
example,  rIL-2 could not  generate L A K  activity at 5 x 106 
cel ls /ml.  However,  PheOMe-treated ce[ls responded  to 
rIL-2 better  than the control  cells cultured at the low cell 
density. Cells t reated with PheOMe cultured at 1 × 107 or 
2 × 107 cel ls /ml  were still act ivated by rIL-2. Therefore,  
PheOMe t reatment  allows better L A K  activation at the 
various cell densities. 

Effect of cell density of PBMC on PheOMe pretreatment 

PBMC were adjusted to different cell dënsities of  5 × 106, 
10 × 106, 2 0 ×  106, and 30 × 106 ce l ls /ml  for pret reatment  
with 5 m M  PheOMe. The cells were cultured for 3 days 
with or without  10 U / m l  rIL-2. As shown in Fig. 4, the 
lymphocytes  t reated with 5 m M  PheOMë were about  three 
times as potent  as the control  PBMC. There was little dif- 
ference amongst  the various cell densities for PheOMe 
treatment.  Thus, PheOMe treatment  of  PBMC at cell den- 
sities of  5 × 106-3 x 107 cel ls /ml  results in cultures with 
L A K  activity better  than that of  the untreated PBMC. 

Next  we compared  higher cell densities of  5 × 107 and 
10 x 107 with 1 × 107 ce l l s /ml  (Fig. 5) t reated with PheOMe 
concentrat ions of  5 mM, I0 m M  or 20 mM. Pretreatment 
of  PBMC with 5 m M  PheOMe was effective at 1 × 107 
cel ls /ml  and less effective at the higher cell densities of  
5 x 107 and 10 x 107 cel ls /ml .  At 10 m M  PheOMe, it was 
less effective at 10 x 107 ce l l s /ml  than at the lower cell den- 
sities. At 20 m M  PheOMe, little difference was observed 
amongst  the three cell densities. However ,  they were not  as 
effective as the cells t reated with 5 m M  or 10 m M  PheOMe 
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Fig. 6. Time of PheOMe pretreatment on LAK activation. PBMC 
(1 x 107 cells/ml) were treated with 5 mM PheOMe for 15-90 min 
and washed. The cells were then incubated with 10 U/ml rlL-2 for 
3 days and assayed for cytotoxicity against Raji target cells 

at l x 10 7 cel ls /ml.  Hence,  the PheOMe concentra t ion 
range should be 5 - 1 0  m M  and cell densi ty should be less 
than 5 x 10 7 ce l ls /ml  during treatment.  

Time of PheOMe pretreatment on LAK activation 

PBMC were pre t reated with 5 m M  PheOMe for various 
t ime per iods  before r lL-2 act ivat ion (Fig. 6). It took about  
30 min of  pret reatment  to observe enhanced L A K  activa- 
tion. The time of  pre t rea tment  was opt imal  at a round  
4 0 - 6 0  min. 

Kinetics of  LAK activation 

PBMC were pre t reated with 5 m M  PheOMe and cultured 
at 5 x 106/ml with or without  r lL-2 for 1, 2, 3, or 5 days. As 
shown in Fig. 7, control  cells without  r lL-2 had little LAK 
activity and some L A K  activat ion was observed after 2 
days in culture. PheOMe-pre t rea ted  cells generated some 
L A K  activity by day 3. The LAK activity of  PheOMe- 
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Fig. 7. Kinetics of LAK activation. PBMC were treated with me- 
dium or 5 mM PheOMe for 40 min. The washed cells were cul- 
tured with or without 10 U/ml rlL-2 for 1, 2, 3, or 5 days. LAK 
activity was assayed against Raji target cells 

t reated cells incubated with r lL-2 was observed after 1 
day. The L A K  activity remained high up to day 5 in cul- 
ture. The kinetics of  L A K  activity are similar in the control  
and  PheOMe-treated cells. However,  the PheOMe-treated 
cells had higher cytotoxicity than the untreated cells. 

Generation of  LAK activity in various media 

Since most of  our L A K  cell cultures were per formed in 
RPMI-1640 supplemented with 10% fetal calf  serum we 
have investigated other media.  PBMC treated with 5 m M  
PheOMe were cultured at 5 x 106/ml in R P M I  medium 
with 10% fetal calf  serum, RPMI  medium with 4% human 
serum or A1M-V serumless medium for 4 days in the pres- 
ence of  10 U / m l  rlL-2. Genera t ion  of  L A K  cytotoxicity 
(LU30 /106  cells) was better in all the three media  with the 
PBMC that had been treated with PheOMe than with the 
untreated cells. However,  L A K  activity could be observed 
in AIM-V medium with the untreated PBMC. In summary,  
AIM-V medium and RPMI  medium with 4% human serum 
gave similar L A K  activat ion with PheOMe-treated PBMC. 

Discussion 

Our data  demonstra te  that PBMC containing monocytes  
did  not respond well to rIL-2 at a cell density equal to 
or greater than 5 x 106/rel. Deplet ion of  monocytes  by 
PheOMe or physical  adherence enables the cells to be re- 
sponsive to rIL-2 activation. The cytotoxici ty of  these 
t reated cells was increased against  tumor  cell lines that are 
either sensitive (K562) or resistant (Raji) to the kill ing ef- 
fects of  N K  cells, as well as against  fresh tumor  target cells 
(Figs. 1-3).  The prol iferat ive response to rIL-2 was also 
augmented by monocyte  deplet ion with PheOMe pretreat-  
ment  (Fig. 1). Genera t ion  of  L A K  activity by rIL-2 from 
PBMC treated with PheOMe can be achieved in serumless 
medium,  such as, A I M - V  medium (Table 5). 

Deplet ion of  monocytes  by PheOMe offers a one-step 
procedure :  incubat ion with PBMC with 5 mM PheOMe at 
room temperature.  Our  study indicates that L A K  cells 
could be generated from PBMC that  had been treated with 
PheOMe. However,  our procedure  using PheOMe pro-  
vides a few substantial  differences, improvements  and ad- 
vantages over the initial  procedures  published.  First,  we 
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Table 5. Generation of LAK cells in various media a 

Medium Cytotoxicity (LU 30 / 10 6 cells) 

Expt 1 : PhOMe conc Expt 2: PhOMe conc 

0 5mM 0 5mM 

RPMI/10% FCS 4.2 39.7 1.3 23.0 
RPMI/4% HS 12.1 55.7 0.8 38.9 
AIM-V 33.5 78.1 16.1 41.2 

a PBMC were treated with or without 5 mM PheOMe as described 
in Materials and methods. Cells were incubated with 10 U/ml 
recombinant interleukin-2 at 5 x 106/ml (Expt. 1) or 1 x 107/ml 
(Expt. 2) for 3 -4 days. LAK cytotoxicity was assessed against Raji 
target cells in 3-h assays. The experiments were done at separate 
times with a different donor. Data shown are representative of 
four different experiments. FCS, fetal calf serum; HS, human 
serum 

use PheOMe as a chemical agent to deplete monocytes 
from PBMC. PheOMe is convenient to use and the degree 
of monocyte depletion by PheOMe can be monitored. Sec- 
ond, our cell culture densities are (1-2) x l 0  7 cells/ml as 
compared to 2 x 1 0  6 teils/rel. This will cut down the media 
used by five- to tenfold. We are also able to treat the 
PBMC before or after Ficoll sedimentation centrifugation 
and up to a density of 3 x 107 cells/ml. The depletion of 
monocytes by 5 mM PheOMe is efficient (95%-100%) and 
sufficient for LAK cell generation at high cell density- 
greater than 5 x 1 0  6 cells/ml. The procedure employing 
PheOMe-treated PBMC lends itself well to processing 
large volumes of blood and the cell numbers required for 
adoptive immunotherapy. 

PheOMe is a lysosomotropic agent. Our data show that 
monocyte destruction began within 15 min after the incu- 
bation of PBMC with 5 mM PheOMe. However, it took 
about 40 min to observe the optimal depletion of mono- 
cytes from PBMC. As judged by Giesma stainings and 
cytometric analyses, only monocytes were depleted by 
PheOMe, and other lymphocytes, including NK cells, 
were mostly spared the depressive effect of PheOMe (Ta- 
bles 1, 2). Though the NK activity of PheOMe-treated 
PBMC was initially inhibited, LAK activation by IL-2 was 
not affected. LeuOMe, on the other hand, is also a lysoso- 
motropic agent to monocytes [16], but it is cytotoxic to NK 
cells. Therefore, little LAK cell activation by IL-2 could be 
observed from PBMC that had been treated with LeuOMe 
(data not shown). 

PheOMe was able to deplete monocytes from PBMC 
at cell densities from 5 x 10  6 to 5 × 10  7 cells/ml. As the 
pretreatment cell density increased, the effective concen- 
tration of PheOMe also increased (Figs. 4, 5). Hence, 
PheOMe is a substrate being consumed by a population of 
cells in the PBMC - presumbly monocytes (Tables 1, 2). It 
was shown that monocytes could hydrolyse some L-amino 
acid methyl esters to free amino acids, which accumulate 
inside the lysosomes of monocytes [16]. The osmotic im- 
balance causes water to enter into the lysosomes, which re- 
lease their enzymes to lyse the monocytes. 

Depletion of monocytes by plastic and nylon-wool ad- 
herence demands more manipulations than PheOMe treat- 
ment. First the PBMC are incubated in plastic flasks at 
3 x 106/ml. The nonadherent cells are then incubated in 
nylon-wool columns ( lxl08/column).  The combined 

procedures give 90%-99% depletion of monocytes. The 
physical depletion of monocytes would require the use of 
more media, plastic ware, and time. Therefore, PheOMe 
treatment of PBMC provides an efficient and convenient 
method to deplete monocytes from PBMC. Our data show 
that there is little difference in LAK activation between 
the PheOMe and the physical depletion of monocytes 
(Table 3). This fact indicates that the monocytes are the 
prime target cells for destruction by PheOMe. 

The role of monocytes in LAK cell generation has be- 
come a controversial issue. Monocytes have been shown 
both to augment and to suppress LAK generation [4, 5, 7, 
12, 15]. A recent report shows that the enhancing effect of 
monocytes on lytic activity diminishes when they are used 
in high cell numbers [15]. Furthermore, their results show 
that T cells are the responder cells for the monocyte effect 
while purified NK cells are not affected by the monocytes. 
The cytolytic and proliferative responses to IL-2 of the 
T cells require monocytes. In our experiments, depletion 
of monocytes alone by PheOMe allowed LAK cell genera- 
tion (cytolytic and proliferative responses) at high cell 
density (Fig. 1), and the degree of LAK activation was di- 
rectly proportional to the degree of monocyte depletion by 
PheOMe (Fig. 1 and Tables 1, 2). Therefore, out studies 
suggest that monocytes interfere with LAK generation at 
high cell density. 

The mechanisms by which monocytes inhibit LAK cell 
generation by IL-2 at high cell density are unclear and 
under investigation. Monocytes could compete with LAK 
precursor cells for IL-2. However, our data with high 
doses of IL-2 show that this may not be the case because 
100 U/ml IL-2 did not generate better LAK activation 
than 1 U/tal or 10 U/tal IL-2 (Fig. 1). We have shown that 
prostaglandin Ez inhibited LAK generation by low doses 
of IL-2 (Leung, unpublished observation) and monocytes 
were the source of prostaglandin E2 [8]. However, indo- 
methacin, an inhibitor of prostaglandin E2 synthesis, did 
not prevent the monocytes from suppressing the LAK acti- 
vation by IL-2 (data not shown). The likely explanation is 
that IL-2 may induce other cytokines and factors, such as 
IL- 1, interferon, tumor growth factor [~ and tumor necrosis 
factor « and other metabolites from the monocytes, which 
may suppress the generation of LAK activity. Tumor 
growth factor [3 has been shown recently to inhibit LAK 
activation by IL-2 [6]. It is also possible that monocytes 
may suppress the generation of LAK activity by cell-to-cell 
interaction. 

Taken together, PheOMe depletes monocytes from 
PBMC and allows LAK generation by rIL-2 at high cell 
density in 2-5  days. Our procedures are simple and con- 
venient to be employëd in the preparation of large num- 
bers of LAK cells for adoptive immunotherapy. 
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