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ABSTRACT

Adoptive imntunotherapy of human cancer was investigated in our
institution as part of a National Cancer Institute extramural group study.
This treatment, for patients with metastatic malignant melanoma, hyper
nephroma, and colon carcinoma, consisted of three phases: (a) 5 days of
i.v. high-dose (111'units/kg every 8 h) interleukin 2, (/>)6' 2days of rest

plus leukapheresis; and (c) 4 days of high-dose interleukin 2 plus three
infusions of autologous lymphokine-activated killer cells. Toxicities in
cluded fever, chills, tachycardia, hypotension, vomiting, diarrhea, and
fluid retention. Ascorbic acid is known to be important to cell-mediated
immunity, and it has been reported to be depleted during physiologically
stressful events. Therefore, we determined plasma ascorbic acid levels in
patients (n = 11) before adoptive immunotherapy and before and after
Phases 1, 2, and 3 of treatment. Patients entering the trial were not
malnourished. Mean plasma ascorbic acid levels were normal (0.64 Â±
0.25 mg/dl) before therapy. Mean levels dropped by 80% after the first
phase of treatment with high-dose interleukin 2 alone (0.13 Â±0.08 mg/
dl). Mean plasma ascorbic acid levels remained severely depleted (0.08
to 0.13 mg/dl) throughout the remainder of the treatment, becoming
undetectable (<O.OS mg/dl) in eight of 11 patients during this time.
Values obtained from 24-h urine collections on two of two patients
indicated that ascorbate was not excreted in the urine. Plasma ascorbic
acid normalized in three of three patients tested 1 mo after the completion
of treatment. Unlike the results for ascorbic acid, blood pantothenate
and plasma vitamin E remained within normal limits in all 11 patients
throughout the phases of therapy. Responders (n = 3) differed from
nonresponders (n = 8) in that plasma ascorbate levels in the former
recovered to at least 0.1 mg/dl (frank clinical scurvy) during Phases 2
and 3, whereas levels in the latter fell below this level.

INTRODUCTION

Adoptive immunotherapy is a form of cancer treatment in
which cells of the immune system activated in vitro to specifi
cally attack tumor cells are administered to a tumor-bearing
host (1, 2). A National Cancer Institute protocol tested at the
Montefiore Medial Center and 5 other institutions across the
country consisted of 3 phases. Phase 1 was the i.v. infusion of
high-dose (IO5 units/kg every 8 h) IL-2,3 a lymphokine and T-

cell activator ( 1), for 5 days. Numerous toxicities were associ
ated with this stressful phase of treatment, e.g., nausea, vomit
ing, diarrhea, fever, rigors, oliguria, stomatitis, rash, hypoten
sion, and fluid retention (1, 2). During Phase 2 of treatment,
which included 2 days of rest and S days of leukapheresis for
the procurement of autologous activated lymphocytes, all toxic
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effects generally resolved. Isolated lymphocytes were cultured
in the presence of IL-2 to generate LAK cells and, in the third
and final phase of therapy, the cells were returned to the patient
from which they were obtained in 3 infusions, together with
high-dose IL-2, over 4 days. Toxicities in the third phase of
therapy were similar to those seen in the first phase. This
protocol was used for the treatment of patients with malignant
metastatic melanoma, hypernephroma, and colon cancer. Pa
tients entered into this protocol had a performance status of 0-
1 (Eastern Cooperative Oncology Group) and, except for the
demonstrated presence of tumor, were in generally good phys
ical condition.

Ascorbic acid, in addition to its role in catecholamine and
collagen synthesis (3), also appears to be required for optimal
cell-mediated immunity (4-7). Impairment of lymphocyte ac
tivation, and macrophage and neutrophil mobilization have
been reported in scorbutic animals (5, 6). Ascorbic acid also
becomes depleted in patients after undergoing physiologically
stressful events, such as surgery (8) or myocardial infarction
(9). Because of the inherently stressful nature of the adoptive
immunotherapy protocol described above, and the possible
relevance of ascorbate depletion to a treatment protocol which
depends on optimal activation of cell-mediated immunity, we
examined plasma ascorbic acid levels in 11 patients before and
during each phase of adoptive immunotherapy. Our results
indicate that rapid, severe hypovitaminosis C occurs in these
patients after the first phase of therapy and continues through
out the remaining 2 phases. Plasma ascorbate became unde
tectable in 8 of 11 patients examined, although 10 of 11 began
therapy with normal levels of this vitamin. In contrast to these
results, blood vitamin E and plasma pantothenate remained
within normal limits throughout the entire course of therapy in
all 11 patients. Patients who responded to the adoptive immu
notherapy protocol using high-dose IL-2 plus LAK cells had
higher base-line levels of ascorbic acid and recovered from
severe depletion more rapidly than nonresponders.

MATERIALS AND METHODS

Patients. Eleven patients, 7 men and 4 women, were studied for their
vitamin status prior to and during adoptive immunotherapy. None was
taking nutritional supplements. All patients had a performance status
(Eastern Cooperative Oncology Group) of O-.l; 4 had metastatic ma
lignant melanoma, 4 had metastatic hypernephroma. and 3 had meta
static colon cancer. Median patient age was 47 yr (range, 21-55).
Oliguria, hypotension, tachycardia, and weight gain due to fluid reten
tion were the most common toxicities observed among the patients
treated. Three patients responded to therapy, two with hypernephroma
and one with colon cancer. Patient characteristics, individual toxicities
of treatment, and response to therapy are summarized (Table 1).

Adoptive Immunotherapy Protocol. Phase 1 of therapy began with
the i.v. infusion of IO5 units/kg human recombinant IL-2 (Cetus Cor

poration) via central venous catheter every 8 h for a maximum of 15
total doses. Daily leukapheresis was begun on Day 8 of protocol, as
described (1), for 5 h per day. Harvested cells were fractionated by
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Table 1 Patients treated and major toxicities observed during IL-2 plus LAK cell immunotherapy

Patient Age Sex Malignancy" Site Major toxicities Result*

T. N.

M. M.

Y. E.

CM.

R. W.

D. A.

F. B.

P.D.

R. Z.

L. F.

J. P.

47

53

47

53

21

55

47

39

28

34

42

M

M

M

M

M

M

M

F

M

M

M

M

Lung Oliguria, hypotension, hypoxia, PR
wheezing, thrombocytopenia,
diarrhea

Lung, abdomen Diarrhea, hypotension requir- CR
ing pressors, oliguria, nau
sea/vomiting, supraventricu-
lar tachyarrhythmias, weight
gain

Nodules s.c. Oliguria, diarrhea, weight gain, PD
rash, rigors, hypotension

Nodules s.c. Oliguria, diarrhea, agitation, PD
weight gain, tachyarrhythmia

Lung, axilla Oliguria, nausea/vomiting, PD
weight gain, ventricular tach
ycardia, line sepsis

Lung Oliguria, rigors, hypotension PD
requiring pressors, weight
gain, tachycardia, myocardial
infarction

Liver Oliguria, somnolence, weight PD
gain, tachycardia, hypoten
sion, nausea/vomiting

Liver Oiiguria, thrombocytopenia, PR
hypotension requiring pres
sors, weight gain, diarrhea

Pelvic Hypotension, hyperbilirubine- PD
mia, coagulopathy, tachycar
dia, oliguria, weight gain

Spleen, liver Hypotension, weight gain, rash, PD
oliguria, rigors, tachycardia

Lung Oliguria, weight gain, diarrhea, SD
confusion, hypotension,
thrombocytopenia

" R, renal cell carcinoma; M, malignant melanoma; C, colon carcinoma.
* PR, partial response; CR, complete response; PD, progression of disease; SD, stable disease.

Ficoll-Hypaque density centrifugation to obtain lymphocyte prepara
tions, which were immediately cultured in RPMI1640 (Microbiological
Associates Bioproducts, Inc.) containing 2% human heat-inactivated
AB serum, penicillin (10 units/ml), streptomycin sulfate (10 Mg/ml),
glutamine (2 IHM),and gentamicin sulfate (5 /ig/ml) (1). Recombinant
IL-2 was present at a final concentration of 1500 units/ml. Cell culture
was carried out as described for generating LAK cells (1,2). LAK cells
were harvested and infused into each patient on Days 12, 13, and IS,
together with high-dose IL-2 every 8 h as tolerated (1). Descriptions of
the 11 patients studied for plasma ascorbic acid, individual toxicities
occurring during treatment, and treatment outcomes are shown in Table
1.

Vitamin Assays. Blood specimens were obtained from central venous
access catheters except for follow-up analyses, for which phlebotomy
was performed via an antecubital vein. Blood was collected into laven
der-topped Vacutainer tubes (Beckton, Dickinson, and Co.) containing
EDTA. Blood was processed immediately or stored for no longer than
12 h at 4Â°C,and an aliquot was frozen at â€”20Â°Cfor later analysis of

pantothenate. Plasma obtained by low-speed centrifugation was used
for ascorbic acid determinations, and the remainder was frozen at
-20Â°C for vitamin E assays. Six ml of 5% (w/v) trichloroacetic acid

were added immediately to 2 ml of plasma and mixed thoroughly, and
the resulting precipitate was removed by centrifugation at 2000 x g for
5 min and discarded. Supernatant fluid was stored at â€”20Â°Cuntil assays

were performed. Ascorbic acid within the frozen extract has been shown
to remain stable for at least 2 mo (10). The chemical assay for ascorbate
has been described previously (10). Pantothenate was quantitated in
blood by bioassay with the protozoan reagent Tetrahymena thermophila
(American Type Culture Collection No. 30008) (10). Vitamin E was
assayed in plasma by a ferric ion reduction procedure as described (10).

RESULTS

Severe Depletion of Plasma Ascorbic Acid during Adoptive
Immunotherapy. Although leukocyte ascorbic acid levels may
be more closely related to tissue stores (10), IL-2 infusion
completely alters peripheral blood leukocyte distribution, lym-
phopenia occurring within hours of the first infusion, followed
by a predominance of neutrophils and immature band forms.
During leukapheresis, patients developed a rebound peripheral
lymphocytosis, with lymphopenia again occurring together with
a variable but significant degree of eosinophilia after infusion
of IL-2 plus LAK cells (Phase 3) (1,2). Due to the great changes

in peripheral leukocyte populations, plasma ascorbate rather
than leukocyte ascorbate was followed in these patients. Tox
icities observed during treatment for each patient studied are
shown in Table 1. Hypotension, weight gain through fluid
retention, and tachycardia were major side effects in all 11
patients. All reported good nutritional practices; none reported
taking vitamin supplements before therapy. Plasma ascorbic
acid levels were within normal limits (0.4 to 1.5 mg/dl) (10) in
10 of 11 patients, with a mean value of 0.64 mg/dl. Severe
depletion of plasma ascorbate was observed immediately after
IL-2 alone (Fig. 1, Phase 1 of therapy). Mean plasma ascorbate

fell from 0.64 to 0.13 mg/dl in the first 5 days of treatment,
and even lower, to 0.08 mg/dl just prior to leukapheresis, during
the period of lymphocyte rebound (Fig. 1). In 8 of 11 patients
studied, plasma ascorbate levels became undetectable before
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Table 2 Changes in weight, hematocrit, serum albumin, and plasma ascorbate
levels in patients after treatment with IL-2 (Day 5) and prior to LAK cell infusion

(Day 12)

t 2 3 4 5 6 7 8 9 10 11 12 13 14 15

DAY
( IL-2 1 h LEUKAPHERESIS-HL-2 + LAKH

Fig. 1. Plasma ascorbic acid concentrations in 11 patients during the course
of adoptive immunotherapy. Plasma was collected, processed, and assayed for
ascorbic acid as described in "Materials and Methods." Plasma ascorbic acid

levels in healthy individuals equal 0.4 to 1.5 mg/dl (10). Plasma levels which were
undetectable (below O.OSmg/gl) were assigned a value of 0.04 mg/dl for purposes
of statistical analysis. The change in plasma ascorbate concentration over time
for all patients tested was highly significant (P< 0.0001). Points, mean; bars, SD.

leukapheresis. As the limit of detection of plasma ascorbic acid
by our assay (10) is 0.05 mg/dl, those undetectable levels were
arbitrarily assigned a value of 0.04 mg/dl. Ascorbate remained
severely depleted during leukapheresis, and throughout the
entire course of therapy mean plasma ascorbate did not rise
above 0.13 mg/dl, although all patients were eating by the time
LAK cell infusions were begun. Analysis of the change in
ascorbate concentration over time by univariate repeated meas
ures analysis of variance indicated that the changes seen were
highly significant, F, 4 and 36 (P < 0.0001). To ascertain
whether ascorbic acid might be lost in urine, 24-h urine samples
were obtained from 2 patients between Days 3 and 5. Although
these patients were oliguricâ€”as were all the othersâ€”ascorbate
was not detected in these urine samples (data not shown),
suggesting that loss did not occur via this route. Patients
returning for follow-up 1 mo after therapy had no clinical signs
of scurvy; 3 of 3 had normalized their plasma ascorbic acid
levels (data not shown).

Because of the large amount of fluid retention seen in these
patients, it was important to determine whether or not the
decreased plasma ascorbate levels were due to simple dilution.
Weight, hematocrit, serum albumin, and plasma ascorbate lev
els are given in Table 2 for all 11 patients before the first dose
of IL-2 (Day 1), after the last dose of IL-2 alone (Day 5), and
after rest and leukapheresis (Day 12). Most patients lose some
of the retained fluid between Days 5 and 12 (1, 2). Only one of
the 6 patients who lost at least 2 kg of retained fluid between
Days 5 and 12 in our study showed an increase in plasma
ascorbate level. Six of 11 patients showed an increase in he
matocrit between Days 5 and 12; the lack of increase may be
due to loss of RBC commonly seen during the leukapheresis
procedures (1, 2). Serum albumin levels, however, increased
between Days 5 and 12 in 8 of 11 patients. These findings
suggest that, in terms of weight loss and recovery of hematocrit
and serum albumin levels, retained fluid is removed in the
majority of patients between Days 5 and 12 of therapy (Table
2). However, as plasma ascorbate levels increased during this
time in only 2 of 11 patients (Table 2), simple dilutional changes
do not appear to account for the dramatic and sustained
decrease in plasma vitamin C seen in the majority of patients.

Pantothenic Acid and Vitamin E Levels during Adoptive Im
munotherapy. Because of the sudden apparent depletion of

PatientT.

N.M.

M.Y.

E.CM.R.

W.D.

A.F.

B.P.

D.R.

Z.L.

F.J.

P.Phase"Pre-IL-2Post-IL-2Pre-LAKPre-IL-2Post-IL-2Pre-LAKPre-IL-2Post-IL-2Pre-LAKPre-IL-2Post-IL-2Pre-LAKPre-IL-2Post-IL-2Pre-LAKPre-IL-2Post-IL-2Pre-LAKPre-IL-2Post-IL-2Pre-LAKPre-IL-2Post-IL-2Pre-LAKPre-IL-2Post-IL-2Pre-LAKPre-IL-2Post-IL-2Pre-LAKPre-IL-2Post-IL-2Pre-LAKDay151215121512151215121512!5121512151215121512Wt

(kg)6368.9678390.5896468.26885.591.486.483.286.47871.472.368.879.385.686.893.596.99446.851.350.785.588.887.86068.666.3Hematocrit(%)44.93334.747.534.832.434.3303140.537.333.4463137.135.33232.434.829.526.933.829.8243931.33441.236.435393339.2Serum
albumin

(g/dl)4.32.42.54.53.23.43.92.62.84.13.03.44.73.33.33.73.03.44.03.42.24.53.13.73.93.13.64.23.74.24.03.83.1Plasma
ascorbate
(mg/dl)1.20.20.10.7<0.050.40.80.3<0.050.3<0.05<0.050.6<0.05<0.050.60.1<0.050.40.20.20.90.20.30.60.10.10.40.1<0.050.50.10.1

" Pre-IL-2, prior to the first IL-2 infusion; post-IL-2, just after the last IL-2
infusion. Day 5; pre-LAK, prior to first infusion of LAK cells. Day 12.

ascorbic acid in these patients during therapy, we tried to
ascertain whether vitamins in addition to ascorbate might also
have become simultaneously depleted. Blood levels of panto-
thenate and plasma vitamin E levels were determined before
and after each phase of adoptive immunotherapy from the same
samples used for ascorbate determination. No significant deple
tion of pantothenic acid occurred throughout therapy (Fig. 2).
Although plasma concentrations of vitamin E decreased after
Phases 1 and 3 of adoptive immunotherapy, mean concentra
tions of this vitamin remained within the normal range (0.6 to
1.5 mg/dl) (10) throughout the course of treatment. Therefore,
vitamins E and pantothenate were not depleted by this form of
therapy, adding support to the concept that observed changes
in ascorbic acid are specific and not due to dilution caused by
fluid retention.

Plasma Ascorbic Acid Levels in Responders and Nonrespond-
ers. Incipient clinical scurvy may appear at prolonged plasma
ascorbate values of 0.3 mg/dl or below, with frank clinical
scurvy developing in patients having levels of 0.1 mg/dl (11).
Certain patients undergoing adoptive immunotherapy have de
veloped petechiae or hemorrhage, but these have generally been
thought to be secondary to occasionally severe thrombocyto-
penia which is a side effect of therapy (1, 2). Although all of
the 11 patients tested showed hypovitaminosis C during ther
apy, we determined whether such depletion might differ in
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Fig. 2. Pantothenic acid and vitamin E concentrations in the blood and plasma,
respectively, of 11 patients undergoing adoptive immunotherapy. Normal range
for pun lot hen it acid in whole blood equals 200 to 1000 ng/ml, and for vitamin E
in plasma, 0.6 to 1.5 mg/dl (10). No acute deficiency of either vitamin is seen
during any phase of treatment. Points, mean; bars, SD.

Day 4
IL-2 + LAK

Fig. 3. Plasma ascorbic acid levels at various phases of adoptive immunother
apy in patients who responded to therapy in - 3) and patients who did not
respond to therapy (n Â«8). Individual characteristics of patients are given in
Table 1. The dotted line represents that plasma ascorbate level (0.1 mg/dl) at or
below which frank clinical scurvy is often seen ( 13). Statistically significant (/' <
0.05) differences in ascorbic acid levels between responders and nonresponders
are observed in several treatment phases (see text for analysis). Columns, mean;
bars, SD.

degree between responders and nonresponders. Three patients
in our study group responded to therapy, with either a partial
response (greater than 50% decrease in the size of the tumor, 2
of 3) or a complete response (disappearance of measurable
tumor, 1of 3) (see Table 1 for patient descriptions). Responders
and nonresponders did not differ significantly with respect to
age or toxicities encountered during treatment (Table 1). Fig.
3 shows plasma ascorbic acid levels for responders and nonre
sponders at each phase of treatment. Although both responders
and nonresponders had normal mean plasma ascorbic acid
levels before treatment, that of responders was almost twice
that of nonresponders (0.93 and 0.52 mg/dl, respectively).
Responders and nonresponders alike had equivalent levels of
plasma ascorbate after Phase 1 of therapy, but those of re
sponders consistently remained >0.1 mg/dl for the remainder
of therapy. Mean plasma ascorbate for nonresponders from
Days 8 to 15 of therapy varied from <0.05 to 0.08 mg/dl.
Repeated-measures analysis of variance contrasting responders
versusnonresponders across the 5 time points revealeda signif
icant overall group difference; F, 1 and 9 (29.78) (P < 0.0001);
an overall trend across time (as described above), F, 4 and 36

(54.97) (P < 0.0001); and a significant group by time interac
tion, F, 4 and 36 (4.15) (P< 0.01). Post hoc analysis was carried
out on the differences in plasma ascorbic acid concentration
between responders and nonresponders for each time point
using the pooled variances t test for independent samples.
Significance emerged for differences in plasma ascorbic acid
concentrations in responders and nonresponders before therapy
(P = 0.009), before leukapheresis (P = 0.021), before LAK cell
infusion (P = 0.011), and after IL-2 plus LAK cell therapy (P
= 0.041). While the number of patients in this study, responders
and nonresponders, is small, the probability of response to
adoptive immunotherapy may be associated with plasma ascor
bic acid levels above 0.1 mg/dl throughout the later phases of
treatment.

DISCUSSION

As shown, severe depletion of plasma ascorbic acid occurred
rapidly in 11 of 11 patients undergoing adoptive immunother
apy with high-dose IL-2 plus LAK cells (Fig. 1). This depletion
appears to be specific, as neither pantothenate nor vitamin E
was significantly depleted in these patients during the course of
therapy (Fig. 2). Patients who responded to this therapy had
mean ascorbic acid levelsrecovering to above 0.1 mg/dl (frankly
scorbutic level) by Day 8 of therapy, whereas nonresponders
had mean plasma ascorbate levels below this level throughout
the entire course of therapy (Fig. 3).

Several mechanisms may account for the rapid and severe
depletion of plasma ascorbic acid in these patients. Hypovita-
minosis C has been reported as common among patients with
malignancies (7,11, 12). In a study of 139 lung cancer patients,
Anthony and Schorah (11) found that plasma ascorbic acid
levels were below the levels for incipient clinical scurvy (0.3
mg/dl for plasma levels) in 64%; levelswere diet dependent and
could be elevated by supplementation p.o. In our study only 1
of 11 patients had a plasma ascorbic acid level <0.4 mg/dl
before therapy. Plasma and leukocyte ascorbic acid levels were
lower in lung cancer patients with higher lymphocyte counts
(11), a finding paralleled in our data, wherein plasma ascorbic
acid levels were lowest at the time of peripheral lymphocytosis
"rebound" before leukapheresis (Fig. 1). The normal mean

pantothenate level and levels of vitamins C and E in the blood
of these patients may reflect their excellent performance status
and good nutritional practices. This is further supported by the
finding that 3 of 3 patients normalized their ascorbate levels
within 1 mo after therapy. Therefore the presence of hyperne-
phroma, malignant melanoma, or colon cancer, as well as the
site of metastasis (Table 1) did not appear to be associated with
ascorbate deficiency before therapy.

Physiological stress, as infection or surgical trauma, affects
plasma ascorbic acid levels (6, 8). Crandon et al. (8) reported
that the average postoperative drop in plasma ascorbate in
approximately 150 patients studied was 17%; patients with the
highest blood levels of ascorbic acid had the sharpest drop in
concentration. In myocardial infarction leukocyte ascorbic acid
rapidly decreases (9). This may ensue from movement of ascor-
bate-rich leukocytes to the site of injury (9). Unstressed individ
uals with completely ascorbic acid-deficient diets needed 60 to
90 days to lower plasma ascorbate to the scorbutic range (13).
Mean plasma ascorbic acid levels in our patients were lowered
80% during the 5 days of treatment with high-dose IL-2 alone
(Fig. 1). Infections also lowered leukocyte ascorbic acid, the
degree of lowering corresponding to the clinical severity of
respiratory virus infection (6). Hemodynamic changes in pa-
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tients undergoing therapy with high-dose IL-2 alone have re

cently been described by Ognibene et al. (14) as identical with
those of patients in early septic shock. The physiological resem
blance of patients treated with high-dose IL-2 to those with

severe infections may contribute to their rapid development of
hypovitaminosis C. Activation and induced replication of a
specific lymphocyte population by IL-2 may contribute to as-

corbate deficiency, for plasma and leukocyte ascorbate in lung
cancer patients sank as peripheral lymphocyte count rose (11).
Lowering of neutrophil ascorbate has been reported for acute
and chronic myeloid and lymphocytic leukemias as well as in
leukocytosis (5).

The possibility that decreases in plasma ascorbate levels
might be caused by dilution or fluid retention seen as a major
side effect of IL-2 therapy has been examined (Table 2; Fig. 2).
Our findings that (a) plasma ascorbate levels remain low or
drop even lower despite loss of retained fluid during Phase 2
(recovery and leukapheresis) and (b) blood pantothenate and
plasma vitamin E levels remain constant throughout the course
of therapy further suggest that observed changes are specific to
vitamin C and not dilution.

The differences seen by us between pretreatment plasma
ascorbic acid levels in responders and nonresponders, along
with the differences in the later stages of IL-2 treatment (Fig.

3), obviously demand further study to assess its potential im
portance for treatment outcome: such differences may reflect
the importance of ascorbic acid in lymphocytic cell-mediated
immunity (4-7). Skin allograft survival is prolonged in ascor-
bate-deficient guinea pigs (15). Cell-mediated cytotoxicity of
spleen-derived lymphocytes from scorbutic guinea pigs against
chicken erythrocytes, as measured by MCr release, was reported

to be less than that of lymphocytes from pair-fed or ad libitum-

fed controls (16). Normal human volunteers who ingested 1, 2,
or 3 g of ascorbic acid daily for 1 wk showed increases in
peripheral lymphocyte mitogen stimulation by phytohemagglu-

tinin and concanavalin A (17), although plasma or leukocyte
ascorbic acid levels were not measured. Therapeutic effective
ness of adoptive immunotherapy with high-dose IL-2 plus LAK
cells is thought to be due to tumor cell-specific cytotoxicity of

the LAK cell population (1,2). It is interesting to note that the
RPMI 1640 medium used for the activation of LAK cells in
vitro contains no ascorbate (18), and the 2% (v/v) human serum
added would not significantly meet a requirement for normal
or increased plasma levels. Continued application of adoptive
immunotherapy and other lymphocyte activation procedures

may help clarify the function of ascorbic acid as it specifically
relates to tumor lysis.
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