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he realization that hurnan cancers can be responsi,e to the rnanipulation of the irnrnune
systern has only recemly been docurnented. The irnrnune approaches to the treatrnent
of malignanc)' can be broadly classified into either active or passive irnmunotherapies.

-\\Jith acti\'e immunotherapy, treatment relies on the in vivo stimulation of the endog-
enous host immune s)'stem to react against tumors \\'ith the administration of biological response-
modif)ing agems (ie, bacterial adjuvants, c)rtokines, tumor \.accines). With passive immunotherapy,
treatment in\.ol,es the deli\'ery of biologic reagents \\ith established tumor-immune reactivity (ie,
antibodies or cells) that can directly or indirectly mediate antitumor effects and does not necessarily
depend on an intact host immune system, Cellular therap)' of malignancy has becorne more feasible
\vith increased understanding of the interactions bet\\'een irnmune cells and tumors. This article \vill
reviev.' OUT current understanding of the principIes underl)ing these interactions,

(Arch Surg. 1993;128:1281-1290)

HISTORICAL PERSPECTIVE

The feasibility of adopti\"e immuno-
therapy of cancer is based on t\\'O funda-
mental observations deri\"ed from exten-
si\'e experimental animal studies. The first
of these observations is that tumor cells ex-
press unique antigens that can elicit an im-
mune response within the s}-ngeneic host.
The other is that the immune rejeclion of
tumors can be mediated b)' the adoptive
transfer of appropriately sensitized l)'ffi-
phoid cells to the tumor-bearing host. Rec-
ognizing these fundamental principIes re-
quired the establishment of animal models
consisting of inbred strains of rodents and
s)-ngeneic transplantable lumors to elimi-
nate the confounding influences of al-
lograft transplantation immunity ob-
ser\'ed in earlier studies of tumor rejection
in noninbred animals. In 1943, Grossl was
the first to recognize that inbred mice could

be immunized against a tumor that ~'as de-
veloped in a mouse oí the same inbred strain.
Ihis observation ~'as extended by many
other in\'estigators ~ith other tumors in-
duced by various agents, and cenain basic
íeatures were generall)' noted. Foremost is
that individual tumors vary greatly in the
strength oí their antigenicity, or more ap-
propriately, immunogenicity. Ihe assess-
ment oí tumor immunogenicity has tradi-
tionally be en defined by transplantation
procedures in that the immunized host \\'as
assessed for rejection of a subsequent chal-
lenge of the same tumor. ViTal or ultra\iolet-
induced tumors display the strongest im-
munogenicity, while chemically induced
tumors show intermediate immunogenic-
ity and tumors of spontaneous origin ex-
press the poorest immunogenicity. As ~ill
be noted later, the immunogenicity of a tu- ~

mor has a direct influence on the ability to
develop immune lymphoid responses against
that tumor.

Ihe cellular transfer of immunity was
first described by landsteiner and Chase2
in 1942, when they reponed that delayed

Frnm the Dívision 01 Surgical Oncology, Dt'partmcnt 01 Surgcry, Univcrsity 01 Michígan,

Ann Arbor.

ARCH Sl)RG/\'OL 128, :';OV 1993
1181



h)'persensitivity to simple com-
pounds could be lransferred lO na-
ive recipiems \\Tilh cclls from peri-
toneal exudates of sensilizcd donors.
In 1954, Billingham o?l ar dcscribed
lhe abililY to transfer skin allograft
immunil). to :i nL)rmal host \\;th lhe
use of regionaII)'J11ph node cclls from

donors that had recemly rejected pli-
mary skin allografls. The)' coined lhe
term adol'ti'.c iml11urlÍt.Y tL) describe
the acquisition of immunity in a nor-
mal subject as a result of the trans-

ference, nOl of pr~fL)rmed. antibody,
but of immunL)lL)gicall)' "activaled tis-
sue." In 1955, !\1itchison'¡ reported
that the adoptivc tr¡msfer of lymph
nade cells frL)m mire that reject tu-
mor allografts \\'L')uld cL)nfer acccler-
ated rejection responses in nol111al ani-
mals on being challenged \\'ith the
specific tumor ¡illograft. More ger-
mane to clinical therap)' \\'as the abil-
ity to transfer immunil)' lO synge-
neic tumors. During the ensuing years,
several other in\-estigators described
animal stUdies demonstrating the suc-
cess of rejecting established s)-nge-
neic tUmors b)' the systemic transfer
of immune "effectoi' cells.5.6In gen-
eral, animals treated \\;th these ap-
proaches have manifested systemic
imn1unity b)' their abilit)' to reject sub-
sequent tUmor challenges in an im-
munologicall)' specific manner. In
these reports, immune effector cells
were deri,ed from donor aninuls sub-
jected to multiple immunization pro-

cedures using highl)' immunogenic
tUmors. Several important obsel"\'a-
tions \\'ere made from these earlier
stUdies. First, large numbers of freshly
harvested 1)'J11phoid cells from im-
munized donors were required. At
least lOs immune cells were needed
to mediate tUmor regression of pal-
pable subcutaneous tumors in ro-
dents, which meant that se\'eral
immunized donar animals were nec-
essary to treat one tUmor-bearing host.
Second, the therapeutic efficacy of
these immune cells was directly re-
lated to the number of cells trans-
fcrred. Third, syngeneic immune cells
were more effective in mediating tu-
mor regression than were allogeneic

or xenogeneic immune cells, \\'hich studies, Cheever et alll and Ebcr-
were rapidly eliminated by host im- lein et all2 demonstrated that im-
mune mechanisms, thus rendering mune cells could be further sensi-
them ineffective. Last, T l)'l11pho- tized in vitro with additional
c)'tes \\'ere found to be responsible tumor stimulation follo\\"ed by cx-
for mediating tumor immunity in pansion in the presence I.,j imcr-
lhese adopti\'e transfer experimems. leukin 2 \\"hile still maimaininQ

therapeutic efficacy in adopli\"~
OBSTACLES CONFRONTING transfer experimems. In addilion.

ADOPTIVE IMMUNOTHERAPY se\"eral investigators reported cn-
IN HUMANS hanced antitumor effects of cul-

tured immune cells in adupti\"e
As pre\l;ously indicated, large numbers immunotherapy \\'hen concl"'milant
of immune cells are required to me- interleukin 2 \Vas administered.13.1i
diate the regression of an established lt was found that the exogenous
tumor. However, unlike experimemal administration of imerleukin 2 in-

G> animal systems, humans do not have duced in vivo proliferatil"'n and
readily available geneticall)' idemical prolonged survival of tr,e adop-
coumerpans to obtain immune cells. tivel)' transferred cells.¡~ Hcl1c¿. in-
There[ore, tUmor-reacuve l)mphoidcells terleukin 2 is administer.:d rou-
\\I;llhavetobeidentmedandisolated tinely in conjunction \vith the
from the patient \\;th cancer. Funher- adoptive transfer of cultur¿d effec-

@ more, to generate sufficiem quantities tor cells experimentall;" and clini-
of immune cells, in \;tro methods of cally. The basic fundamer.tals of
expanding these cells \\'hile maimain- adoptive immunotherap;" ¿stab-
ingtheirirnmunologicalreacti\;tiesare lished in animal models are sum-
requiredtorenderclinicaltherapyfea- marized in the tabulation b¿lo\\".
sible. These represem fon-nidable These preclinical studies pa\"ed the
obstacles. \\"ay for the initiation of s¿veral

Addressing these problems has clinical studies that have demon-
been hampered by the lack of reliable strated the feasibility and pot¿mial
in \I;tro assays to predict \vhether a amitumor reactivity of adoptive
panicular lyrnphoid cell can mediate cellular therapy in humans.

tumor regression in \l1vo. For the most ¡-pan, the abilit)' of l)mphoid cells to PrincipIes of Adoptive
Irse tumor cells or proliferate in re- Immunotherap)' Established
sponse to in \litro tumor has no cor- From Animal ~lodels

relation to in \ivo therapeutic efficacy.
Q) Hence, the abilit)' to idemif)' tumor- .The therapeutic efficac;" of im-

reactive immune cells from the tumor- mune cells depends on the num-
bearing host has been extremel}' dif- ber of cells transferred.
ficult. Moreo\'er, animal srudies have .Tumors vary in degree oí immu-

demonstrated the existence of rumor- nogenicity.
induced immunosuppression that rnay .There is a lack of in \;tro a5says that
interfere with the sensitization ofl}m- correlate \\ith in \;vo antitumor ef-
phoid cells or their ability to mediate ficacy o[ immune effector cells.
antirumor effects.7.9 .Tumor-induced suppression of the

A significant ad\'ance in the field host-immune response to tumor has

~'as the discovery of interleukin 2, been documented.
or what was originally called T -cell .Both fresh or cultured immune l)m-
growth factor .10 This l)'mphokine is phoid cells can medlale tumor re-
a 15 OOO-d glycoprotein elaborated gression after passi\.e transfer.
by activated helper T cells and pro- .Concomitant administration of in-
vides the means to culture and ex- terleukin 2 can enhance the in \'Ívo
pand immune T cells over pro- therapeutic acti\'Íty of cultured im-

longed periods. In initial animal mune cells.
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NONSPECIFIC
l YMPHOKINE-ACTIV A TED

KlllERCEllS

Figure 1. Adoptive immunotherapy 01 3-day MCA-105 oulmona¡y micrometastases with
Iymphokine-activated killer cells and interleukin 2. l1/hole lungs were harvested t4 days after
intravenous inocularían with tumor cells and insufflated vlith india ink vía the trachea lo allow
enumerarían 01 the vlhite lung tumors. Lungs on the left are 01 control mice that did not receive
treatment, and lungs on Ihe right are 01 animals trealed with Iymphokine-activaled ki//er ce//s and
nontherapeutic doses 01 inlerleukin 2.

phokine-activated killer cells and in-
terleukin 2. In that study, 25 pa-
lienlS wilh ad\'anced cancer
(melanon1a, renal cell, colon, and lung
cancer) were treated \\ith up to
1.SX 1011 l)'I11phokine-activated killer
cells generated from peripheral blood
l)mphoc)'tes obtained lhrough mul-
tiple leukaphoreses, along \\ith bo-
lus infusions of imerleukin 2 at maxi-
muro tolerated clases. Ele\'en patiems
experienced measurable tumor re-
gressions-one complete and 10 par-
tial. This sludy heralded the feasi-
bilily of activating large numbers of
ex \'1VO l}'I11phoc)'tes for adoptive im-
munotherapy of human cancer. Be-
cause this early experience indi-
caled lhat paliems wilh melanoma
and renal cell cancer were respon-
sive, lhe majorilY of patiems treated
in subsequent studies focused on
these histologic types of tumor.
The Table summarizes the results
from several institutions of treat-
ment of advanced melanoma and re-
nal cell cancer with I}'mphokine-
activated killer cells and imerleukin
2.20-30 Among 190 palients with mela-
noma, lhere was a response rale (com-

plete and panial) of 16°/{,. Among 198

pañeros \,;th renal cell cancer, the

response rate was 22%. In these two

patiem populations, sites of tumor

regression included liver, lung, bone,
skin subcutaneous tissue, and l)'111ph

nodes. Of note is the observation that

if tumor regressed at one site in a

patiem, it usually was associated with

tumor regression at all sites of dis-

ease. In addition, a large proportion
of patiems who experienced com-

plete responses had these responses

for a significam duration.

Analyses of factors associated

v.ith tumor respol15eS to 1}'111phokine-
activated killer cell and imerleukin

2 therapy revealed no consistem find-

ings. The number of Iymphokine-
activated killer cells infused, the in

\ritro l)'tic acti\;ty of the lymphokine-
activated killer cells, or the total

amoum of imerleukin 2 adminis-
tered did not predict a tumor re-

sponse. However, these experiences
clearly demonstrated that large-
scale culture of lymphoid cells for a

period of several days could be ac-

complished without comamination.
Imravenous infusions of up to 2 XI 011

.-\5 dc5cribcd by Grimm et al.]" earl)'
JtlemplS al culluring I)'nphoid ceJIs
in imerleukil1 2 resulted in the gen-
,rJlÍl1n l1f l)l1l~lhokil1e-aClivated killer
\:cll$. L)l1lphokine-aClivaled kil]!:r cells
\\"ere char3cleri¡:ed as non- T, non-B
Iymphoid eells acti\'ated in vitro
by ~1ham1¡1Cologically high concen-
1 rali\.)ns \.1f imerleukin 2. These ac-
tiV3tt'd cells were found to mediate
the I1l)nsptcclfic in vilro cytolysis of
311ll1!\.)g\.)lIS as well as allogeneic
lum\.1r ceJJs. This phenomenon is
in CL1mr3st to convemional cyto.
t\.1xic T lymphoc)leS in \vhich T
(ells 5cl1siti:ed to tumor amigens
medi3te highly specific tumor C)'-
t\.)l~'$is in vitro. The specific C}10-
lllxictlY mediated by C}10toxic T
Iymphoc)'les requires that they
sh3rc lhe same class 1 majar histo-
Cl)mp~llibi]ity compJex amigens as
lhe tumor to ~'hich they are sen-
siti:ed. \\'hereas the nonspecific tu-
mor CytOtl1xicit}' mediated by
])'mphokine-activated killer cells
does not ha\'e such a restriction.
\!ore important, the systemic
transfer of l)'mphokine-activated
killer cells was effecti\'e in the in
\'ivo treatmem of micrometastatic
tumor in animal studies.Ji,; ::.1jce
\\ith established 3-da)' pulmonaf)'
metastases had significam tumor
regression when treated with
l},nphokine-acti\'ated ki1Jer cells in
ccnjunction with interleukin 2
(Figure 1). These investigations
revealed lhat the in \ivo amitumor
effects of lymphokine-activated
killer cells \\'ere nonspecifjc and
highly ~ependent on lhe concomi-
tant adminislration of interleukin
2, but only minimally effecri\'e in
the treatment of larger macro-
scopic tumor burdens.

Based on these experimemal ob-
sen'ations, in 198';. Rosenberg and
co\\'orkersI9 at the National Cancer
Institute (Bethesda, Md) reponed the
first human trial of adoptive immu-

notherapy using autologous lym-
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(1) the in \,ivo induction of l\'m-,
phokine-activated killer cells, (2) the
in \'i\,o induction of tumor-

sensitized C}1otoxic T l}mphoc}1es,

or (3) the elaboration of other cy-

lokines (ie, tumor necrosis factor °,

interferon--y, interleukin 6, etc), Be-
cause of Ihese findings, it was un-

cerlain \\"hether Ihe combined treat-

ment \\ilh l}mphokine-activated killer

cells and interJeukin 2 was signifi-

c3ntly better than treatment \..ith in-

terleukin 2 aJone. In a muJti-

institutional trial, 167 patients \\ith

advanced meJanoma and renaJ ceJl

cancer \vere randomized to recei\'e

treatment \vith either lymphokine-

acti\'ated killer cells and interleukin

2 or only interleukin 2.33 In patients

Wilh meJanoma, the response Tales

for treatmem with lymphokine-

acti\'ated killer cells/interleukin 2 and

onJ}' interleukin 2 were 12% and 16°..¿"

respecti\'eJy. In patients \vith renal

cell cancer, lhe response TaleS for treat.-

ment \\ith J)'Inphokine-activaled killer

ceJVinterleukin 2 and interleukin 2

onJy \\'ere 13% and 8°.6, respec-

tiveJy. These resuJts indicate that the

addition ofl}mphokine-activated ki1Jer

cells did not improve response Tales.

A separate randomized trial of 1)'In-

phokine-activated kiJler ceJJsl

interleukin 2 vs interleukin 2 aJone

in 181 patients with advanced can-

cer \,as recently reported by
Rosenberg et al from the National
Cancer Institute.3i Of the 181 pa-
ticnts. 97 had renal cell canccr
and 5-+ had melanoma. There \,erc
10 complete responses among lhc
85 3ssessable patients \,h,"\ :.t-
ceiyed lymphokine-acti,;.~ted k;::.;.
cells/interleukin 2, compared \\"ití1
four among the 79 ,,-ha receiyed
il1terleukin 2 alone. There \\"crc
14 r~ponses and 12 panial rc-
spl."'nses. There \Vas a trend to\',~rd
increased sur,i'-al "he n
lymphokine-acti,ated killer c~lls/
interleukin 2 \vas administered 1:1
patients with melanoma, but :':,'
trend ,vas obseryed for patien:.'
,\ith renal cell cancer. Because I."lf
the limited contribution of
lymphokine-activated killer cells
compared \\'ith interleukin 2
therapy alone, the use of tuml."lr-
sensiti:ed T cells appears to hold
more promise for successful adl."'p-
tiye immunotherapy.

:.:'¡

~

ii.
~
x;

l)mphokine-activated killer cells \vere
"'e 11 tolerated \vith only rever and
chills being the most common side
effect. The toxic effects of the ther3py
\\'ere mainl)' due to interlcukin 2 .
Multiple organ toxic reactions 3SS0-
ciated with intericukin 2 C3n be 3t-
t¡ibuted moslly tll the follll\ving: (1)
induction of a capillaT)' lea k syn-
dr(lme, (2) marked l)'111phllC)lic in-
filtration \\ithin \isceral organs; ~lnd
(3) elaboration of other cyt(lkincs in
response to interleukin 2.31 The se-
\'elit)' of these toxic effects \\'ere clearly
a5-~1Ciated \\;th the cumulative 3mllunt
of interleukin 2 administered. For-
tunately, thcse toxic effects "e re
quickl)' reversible once interleukin 2
therapy was discontinued.

Along \\ith the initial trials (lf
lymphokine-acti,ated killer cell
therapy, concurrent studies dl."\cu-
mented the antitumor efficacy \.lf in-
terleukin 2 alone. Using the maxi-
mum tolerated dose of interleukin 2.
the National Cancer lnstitute \,as the
first to report tumor responses ,\ith
acti,e interleukin 2 therapy III pa-
tients with melanoma and renal cell
cancer.32 The response rates in these
tumors appeared to be comparable
to \,hat was achieved \\ith l)'1npho-
kine-activated killer cells and inter-
leukin 2. The mechanisms postu-
lated for the antitumor acti\it" include"'

TUMOR-SENSITIZED
T L YMPHOCYTES

Tumor-Infiltrating L )mphOC~LeS

In contrast to l}mphokine-acti\at?;d
killer cells, \vhich can be readily gen-
erated [roro peripheral blood l:m-

Tumor Response lo Trealmenl 01 Advanced Melanoma and Renal Gell Gancer Wilh lymphokine-Aclivaled Killer Gells and Inlerleukin 2*

Melanoma Renal Cell Cancer

Rosenberg,20 1988
West et al,21 1987

Schoof el al,22 1988

Thompson el al,2J 1989

Paciucci el al,2. 1989

Dulche( el al,25 1989

Bar el al,26 1990

Dutcher et al,v 1991

Wang etal,281989

Fisher et al,29 1988

Parkinson etal,30 1990

Tolal

7.9x10'O
6.8-9.1x10'0

4.3x10'°

3.4-4.3x10'o

3.4x10'o

8.9x10'o

8.3x10'0
1.6x10"

4.9-6.1x10'o

7.0x10'0
9.2x10"

o

i
~:

t

32
32
47

198

2
2
2

14

5
3

2
29

7
5
4

43 (22%)190 6 25 30 (16"1.)

.CR indicates complete response or regression o, all evaluable tumors; PR, pal1ial response or greater than or equal to 50% regression o,
al/ evaluable tumors.

tl.1ean or median number o, cel/s.
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infiltrating 1)111phoc)ieS clearly dis-
tinguished their immunl110gic function
from l)mphokine-acti\ated killer cells.
L)'\11phl")kine-acti\ated killer cells were
nonspecifically reacti\e to a broad
spectrum of tuml'rs in the 4-hour
chron1ium 54-release c)"totoxicity 35-

sayo In contrasto tumor-infiltratinglym-
phOC)1eS ha\e been demonstrated to
display rumor-spedfic reacti\ity to im-
munologically distinct murine tu-
mors."ó In human studies, approxi-
mately 30% of rumor-infiltrating
l)mphoc)1es from patients \..ith mela-
noma ha\e been reported to exhibit

highl)' specific c)iolytic reactivity
against autologous rumor and not to
other alll")geneic rumors.37 These fmd-
ings suggested that there are distinct
rumor-specific antigens among mela-
noma rumors 10 \\hich T cells can

be immunized.

t
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2. Q,er several

ating lymphocytes
1tO lymphoblasts

leukueml;.1ture

tients \\ith melanoma and renal cell
cancer. Buko\\"ski et .11-1\ reported no
responses in 18 patiems with renal
cell carcinoma who were lreated \vith

large numbers of tumor-infiltrating
l)mphoc)'tes and increasing doses of
interleukin 2. All of these studies have
demonstrated extremely diverse im-
mune characteristics among indi-

vidual tumor-infiltrating lympho-
cltes cultures. Future studies will
focus on culture methods or selec-
tion procedures lO grow the rel-
evant subpopulations of rumor-
infiltrating l)mphoc)'tes that mediate

tumor-specific reacti\ity.42

d 
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An altemative source of effector cells,
in addition tO the tumor, is the drain-
ing l}'tnph nodes. Fony years ago, it
\\'as ShOv.11 that draining l)lJ11ph node
cells from donors who reject pri-
mary allografts could confer skin or
tumor allograft immunity to naive re-
cipients.3,4 More recently, OUT labo-
ratory demonstrated that the induc-

tion of systemic immunity by
vaccination of the host with autolo-
gous tumor cells and a bacterial ad-
ju\'ant can be abrogated by the early
removal of the l)'ffiph nodes drain-
ing the vaccine site:3 In the last sev-
eral )'ears, we observed tumor-
draining lymph no des to harbor
l}'tnphoid cells that are not function-
ally capable of mediating tumor re-

jection in adoptive transfer experi-
meros; however, further in vitro

senberg 

el al}~ suc-
realed advanced,
pulmonary melaslases
linalion of cyclophos-

tumor-infillraling
.~nn inrprleukin 2

fuIl

ma

\\ir

Based on these reports, the Na-
:ional Cancer Institute undenook clin-

¡cal studies of tumor-infiltrating lym-
phOC)'tes. In these studies C).clophos-
phamide \,as administered 36 hours

before tumor-infiltrating lympho-
cyte infusion and interleukin 2
administration based on the effec-

tiveness of this combination therapy
in the animal studies. In an earlier
study, the i\'ational Cancer Institute
reported that 11 of 20 patients with
ad\'anced melanoma responded to this

approach.38 In a subsequent report
that extended this experience to 55
patients, 22 patients (40%) with
melanoma experienced significant tu-
mor regression with tumor-
infiltrating l)mphoC)'le and interleu-
kin 2 therapy, which included a
subgroup of patiems who did not re-
ceive C)'clophosphamide.39 In this tríal,
lysis of autologous tumor cells by tu-
mor-infiltrating l)mphocytes in an in
vitro assay was associated with the

lympnl.'I.) l"'-, (Figure 2). Heretofore, Iymph-okine-acti\ated 

killer cells and in-

(erleukin 2 \\"ere unable to suc-

cessfullv cure advanced tumors in,
these murine models" In the mu-

rine tumor-infiltrating Iymphocyte
studies, the use of cyclophospha-
mide appeared to be necessary be-
fore cell transfer and interleukin 2
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Figure 3. Treatment of poDrir immunogenic MCA-102 pulmonary
micrometastases with tumor-sensitized Iymph nade cells activated by in
vitro sensitization (IVS) culture. A1ice v"ere inoculated subcutaneous/}' Il'ftl
tumor cells admixed with various amounts of Corynebacterium parvum,
Draining Iymph nade cel/s were remol'ed 7 days later, cultured 111th IlIS.
subseQuently harvested, and adoptively transferred (1,5x 1()' cel/s
intravenously) to mice with 3-day pulmonary metastases along 111th the
administration of interleukin 2 (7500 U intraperitoneal/y twice daily for .,'
days), Mouse lungs were harvested and metastatic nodules counted 14
days after tumor inocularían, Corynebacterium parvum vlas found to be a
significant adjuvant in e/iciting tumor-sensitized Iymph nade cel/s and 11'1.5
dose dependent.';

I
Figure 2. Treatment of mice with advanced pu/monary metastases from the
immunogenic MC-38 colon adenocarcinoma. This figure summarizes two
experiments in which treatment ¡vas begun 12 and 14 days, respective/y,
after intravenous injection of tumor cel/s. Mice received 100 mg/kgof
intravenous cyc/ophosphamide 6 hours before receiving intravenous
tumor-infi/trating /ymphocytes (2x 10'- to 2.4x 10' cel/s) and inter/eukin 2
(20000 U intraperitonea/(v every 8 hours for 5 days). Substantia/
improvement in sufl'iI/a/l1/as seen \11th Cjlc/ophosphamide, inter/eukin 2,
and tumor-infi/trating /ymphocyte therapy.35 C/osed circ/es indicate no
treatment; open circ/es, inter/eukin 2; c/osed sQuares, cyc/ophosphamide;
open sQuares, cyc/ophosphamide and inter/eukin 2; c/osed triang/es,
cyc/ophosphamide and tumor-infi/trating /ymphocytes; and open triang/es,
cyc/ophosphamide, inter/eukin 2, and tumor-infi/trating /ymphocytes.

activation of these cells resulted in
the generation of tumor-specific T cells
that were therapeutically effective. One
approach to the acti\'ation of these
l}mph nade cells invol\'es their in "itro
sensitization (1\'5) with irradiated tu-
mor cells in the presence of lo\v con-
centrations ofinterleukin 2.44.43 Dur-
ing IV5 culture, Iymphoid cells
differentiate and numerically ex-
pand into potent effector cells that
can mediate the regression of ad-
vanced, macroscopic tumors estab-
lished in \'isceral organs:6 Of sig-
nificance was the ability to generate
effective IV5 cells against a defined
poorly immunogenic tumor. It has
been postulated that human tumors
are poorly immunogenic based on
their spontaneous origin and that
many animal tumors are not rel-
evant for study because they are sig-
nificantly immunogenic:7 \Ve, there-
fore, examined the ability to generate
immune T cells reactive to the MCA-
102 sarcoma, a defined poorly im-
munogenic tumor. Animals cannot
develop systemic immunity to these
tumors with several conventional vac-

tients \\;th melanoma or renal c¿il
cancer received intradem1al inl."":u-
lations of autologous tumor cells ad-
mixed \\;th BCG vaccine, which \,as
chosen because of its documented ¿f-
ficac)' as an immune adju\ant in clirj.
cal studies using autologous tur:"',I."'r
\accinationso5J.52 L}mph nades drain-
ing the \'accine sites \\Oere haT\oest¿d
10 days later and cultured \\ith .he
IV5 method. A mean of 7 X 1 O~ I\'S
ce1ls was infused into 10 patients in
conjunction \\;th lo\\-dose interle'l-
kin 2. Delayed h}persensiti\;ty to their
autologous tumor was seen in the ma-
jority of patients (78%) infused \\1th
IV5 cells compared with none from
a group of patients who recei\ed tu-
mor vaccination and interleukin 2
v,;thout the transfer of activated cells.
Ihis suggested that immune reacti.-
ity against tumor was mediated by
the transferred cells. T,umor regres-
sion was obseT\'ed in one patient;
however. the limited number of cells
infused did nOl permit an adequate
assessment of the antitumor effects
of these cells. 5ince large quantities
of tumor cells were required for 1\'5

cination procedures, and therapeu-
tic tumor-infiltrating 1)'n1phOC)'tes can-
not be generated \\'ith standard
techniques from these tumors.3f...~ In
addition, tumor-draining 1)'n1ph node
cells could not be successfuIIy stimu-
lated ~1th IVS culture to de\eIop into
immune T cells. Ho~'e\'er, \\'e dis-
covered that the subcutaneous in-
ocuIation of MCA-IO2 tumor cells ad-
mixed \vith the bacterial adju\ant.
Colynebactel;um pal"Vum, resuIted in
reactive draining Iymph node cells
that could be subsequently
cuItured ~ith the IVS method to gen-
erate therapeutic T -effector cells

(Figure 3).i9 Moreo\'er, only I)mph
nodes draining this tumor "vaccina-
tion" site were capabIe of differenti-
ating into immune T cells during IVS
cuIture; peripheral bIood I}mpho-
cytes, spIenocytes, distant lymph
nodes and bone marrow cells \Vere
not effective.

Based on these experimental ob-
servations, we investigated the im-
mune function of tumor-sensitized
Iymph node cells in the treatment of
patients with advanced cancer.5O Pa-
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Figure 4. Therapeutic efficacy of anti-CD3/interleukin 2-activated cells and
interleukin 2 in the therapy of spontaneous 816.8L6 melanoma
metastases. Mice were inoculated with 10' tumor cel/s in the footpad and
unde/ll/ent amputatlon of the primary tumor approximately 3 weeks later
II'hen spontaneous visceral metastases were established. Seven days arter
amputation, oroups of mice were oiven no treatment (n=15; salid line),
interleukin 2 only (15000 U intraperitoneal/y nl'ice daily for 7 days; n= 15;
dashed line), or anti-CD3/interleukin 2-activated cel/s (10') and interleukin
2 {n=15; dotted line).5I

Figure 5. /mmun%gical/y specific suppression of the host-immune
response to subcutaneous tumor. Mice were inocu/ated intravenous/y with
MCA 106 or MCA 205 to estab/ish /ung metastases. At the same time, al/
anima/s were inocu/ated subcutaneous/y in the f/ank with MCA-l06 tumor
Gel/s. Lymph nade cel/s draining the subcutaneous MCA-l06 tumor cel/s
were retrieved for anti-CD3/inter/eukin 2 activation and assessed for
antitumor efficacy in the treatment of 4-day MCA-l06 pu/monary
metastases. Lymph nade cel/s derived from anima/s without concomitant
/ung tumor or with the unre/ated MCA-205 tumor were significant/y more
effective than the cel/s from anima/s with MCA-l06/ung tumor, which
suppressed the immune response e/icited by the f/ank tumor.

culture, repeated acti\'ation cultures
\vere not feasible to expand cells fur-
ther.

sult in the generation of therapeuti-
cal1y effective cells. However, we found
that therapeutic anti-CD3/interleukin
2-acti\'ated cells could be reliably gen-
erated from 1)'n1ph nodes draining in-
oculation sites of B16-BL6 tumor ad-
mixed with C parvum.55 In addition to
the abiliry to mediate regression of ex-
perimemally induced pulmonary me-
tastases, these activated ceIls were ef-
fecti\'e in the treatment of spontaneous
\isceral metastases originating from a
prirnary tumor, a condition that is reI-
evant to clinical therapy (Figure 4).56
Tuttle and coIleagues57 funher docu-
mented the ability to obtain immune
T ceIls from tumor-draining lymph
nodes using another method to acti-
vate these cells in vitro for subsequent

adoptive immunotherapy. Using bry-
ostatin 1, a novel protein kinase acti-
vator, and ionomycin, a caIcium iono-
phore, they were abIe to generate
therapeutically effective tumor-
specific T cells from tumor-draining
lymph nodes. Since the ami-CD3/
interleukin 2 and bryostatin-
ionomycin activation methods do not
require tumor antigen, thesc tcch-

niques roa)' pro\'e useful for the gen-
eration of acti\'ated T cells in suffi-
cient numbers for meaningful clinical
therapy. \Ve are currently evaluaúng
the therapeutic efficacy of anti-CD3/
interleukin 2 activated cells in a clini-

cal study.

Alternate in vitro methods are

needed to activa te these tumor-

~nsitized 1)'D1ph nade cells \\;thout the

hn1iting requirement of tumor cells that

occurs in the clinical setting. In this

regard, \Ve recently found that anti-

bodies that bind to the T -cell receptor/

CD3 complex (anti-CD3) can mimic

antigen in the stimulation of tumor-

sensitized T cells.53.54 Even thOUgh anti-

CD3 can nonspecifically activate rest-

ing T cells, the sequential culture of

tumor-draining lymph nade cells ~;th

anti-CD3 and low-concentration in-

terleukin 2 resulted in an expanded

population of antitumor-reactive T cells

\\;th exquisite immunologic specific-

ir)'. Application of this anti-CD3/

interleukin 2 activation procedure ~'as
examined with the poDrir immuno-

genic B16-BL6 murine melanoma,

which is a highly il1\'~ive tumor of

spontaneous origino Because of its weak

immunogenicity, anti-CD3/

interleukin 2 activation oflymph nade

cells draining this tumor did not re-

FUTURE DIRECTIONS

The adoptive transfer of tumor-
reactive l)'Tnphoid cells as therapy for
malignant neoplasms represents an
attracti\'e alternative to conven-
tional treatment modalities. Among
different effector cells. T lympho-
cytes with specific immune reactiv-
ity to the tumor are more potent than

nonspecific lymphokine-activated
killer cells. Hence, the direction of
this field has focused on the devel-
opment of methods to isolate and ex-
pand tumor-specific T lymphocytes.
Although considerable progress is be-
ing made in both animal and hu-
man studies. this approach to can-
cer treatment is still in its infancy and
a variety of problems remain unre-
solved. The following tabulation
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surnrnarizes the factors that should
be considered in de\"ising clinical
adopti\'e irnrnunolherapeulic strale-
gies in hurnans.

rr Rcquiremcms [or Succcssful
Adoptive Immunothcrapy

in Humans

.lsolatioll of tumI.1r-r.:acti\"c Iym-

phoid cells

.In \;tro methods tl.1 ~':l1cratc l:1rge

numbers of tumI.1r-rI?3.::ti,e cc11s fl.1r

adl.'pti,e tr:111sfer
.Possible dO\\11-rcgtI13tiI.11l of tuml.)r-

induced inl1mml.1sup¡'1ression in the

patient

The ability to rt:tric\'e tuml)r-
sensitized cells frl)m the tl1tal pol11
ofl)'I11phoid cells a\'ailable in the pa-
tient is of foreml1st im¡'1l)rtance. Hu-
man cancers spomant:\."lusly arise and
mar not be sufficiemly immuno-
genic to allo"v' the is\.1lation l1f im-
mune T censo Se\'eral approaches ha\'e
be en reported to con\'ert poorl)' im-
munogenic tumors imo immuno-
genic ones, such as xenogenization
\\'ith chemical mutagens or \'i-
ruses,S8.S9 and more recemly, geneti-
cany modif}ing tum\."lrs to elaborate
cytokines or express foreign ami-
gens.~"61 Se\'eral rep\.1rtS demon-
strated that the tran5fection or trans-
duction of c}1okine genes (ie, tumor
necrosis factor a. imerferon "y, in-
terleukin 2 , imerleukin 4, granulo-

cyte-macrophage colon}'-stimulat-
ing factor) imo murine tumor cells
\vill prevem the gro\\'th of an inocu-
lum of the modified tumor cells in a
normal hosr.62.t:7 This rejection re-
sponse appears to be related to the
elaboration of the C)1okine in the mi-
croen\ironmem of rhe tumor cells,
which results in the subsequent re-
cruitment of endogenous host-
immune cells. Although local tumor
rejection is obser\"ed, the regression
of established unmodified rumors in
separate sites has not been obser\'ed
to date. Hence, rhe use of generi-
cally modified rumors as rherapeu-
tic vaccines may have limired appli-
carions. We have begun ro examine

¡he use of gene¡icall}' modified tu-
mors to generale immune T cells for
adoptive immunotherapy. In pre-
liminary studies, \Ve used a n\.lvel in
\'Ívo gene ¡ransfer lcchnique ¡O lrans-
fect ¡he poorly immunogenic B16-
BL6 mclanoma \\'Íth a gene enc\.ld-
ing 3n allogeneic class I maj\.lr
histocompatibilit}' antigen."" This elic-
iled sensilized T cells in lile drain-
ing 1}111ph nodes, \\"hich \\"cre effec-
live in adopti\"e immun\.ltherapy
experiments af¡cr ex \'Í,o 3nti-CD3/
interleukin 2 acti'3tion. The diffi-
culties associated \\ith ¡he identifi-
cation of suitabl)' altered tum\.lr cells
as well as defining ¡heir immun\.lge-
nicity will require a fundamental un-
derstanding of ¡he in,ol,ed mecha-
nisms before the$e approaches can
be applied successfully for inducing
specific T-cell re$ponses against hu-
man tumors.

Another possible obstacle in the
retrie\'al of sensiti:ed 1)"l11phoid cells
from the tumor-bearing host is the
phenomenon of tumor-induced im-
munosuppression. Nonspecific im-
¡;nunosuppression engendered by the
tumor-bearing state has been de-
scribed in animals and humans, and
is too broad a subject to re\;e', here.
More germane to T -cell therapy is the
phenomenon of specific tumor-
induced suppression, which is pos-
tulated to be mediated b}' tumor-
suppressor cells. Nonh7 elegaml}'
demonstrated the presence of tumor-
suppressor cells in tumor-bearing
hosts, which abrogated the ami tu-
mor reactivity oí adopti\"el}' trans-
ferred immune lymphoc}1es. This
suppression was eliminated by treat-
ing the tumor-bearing host \\'ith
whole-body irradiation or adminis-
tering cyclophosphamide before the
transfer oí immune cells. There is sig-
nificantly less information on tumor-
induced suppression that may in-
hibit immune cell development. Until
recently, experimental models of
adoptive immunotherapy (ie, tumor-
infiltrating lymphocytes or tumor-
sensitized lY1nph nodes) ha\'e used
lymphoid cells deri\'ed from donar
animals bearing localized subcuta-

neous tumors in the absence l)f con-

comitam \isceral tumors. \\'e found

that thc presence of \"isceral rumor

can suppress the de\'elopmenr l)f sen-

sitizcd l)"mphoc}'tes obtained from

lymph nodcs draining subcutan~-

ous tumors in thc salDe h",::

(Figure 5).\1 This highlighrs the CI.'111-

plexity of the tumor-bearing state that

can negati\"cly modulate immune re-

sponses ro rumor amigens. The abil-

ity ro isolare anritumor effectl"'r cells

from the tumor-bearing hl)5t re-

mains an imponam afea of experi-

mental in\"esrigation.

5uccessful adopti\"e immul1o-

therapy requires rhe a\"ailabilit~" of

large numbers of appropriatel~" re-

active effecror cells. This require-

menr underscores the need for de-

\"eloping methods to facilitare the Il"'l1g-

rerro expansion of effector T

1)'Inphoc)"res \\"hile maintaining their

specificit)' and abilit)' to function in

vi\'o. The mosr producti\"e approach

for long-rerm growth of sensiti:ed T

cells for cancer therapy is not Jet de-

fined, alrhough many techniques are

being in\"esctgated. The con\"en-
rional mixed l}mphoc)"te-rumor in-

teractions might }'ield cells \\ith spe-

cific antitumor reacti\it)-, but are

poorl)' suitable for significant proiif-

eration of T cells. The addition of in-

terleukin 2 to mixed l)mphoc~"te-

tumor culrures has been ShO\\l1 iO

enhance sensitization to rumor an-

ctgens and T -cell expansion."'~t' ln-

deed, the methods for generating t'J-

mor-infi1rrating l)mphoc~,es an¿ l\"S

cells are analogous to the cult~re of

T cells Vvith both anctgenic and in-

terleukin 2 stimulations. Ho\\"e\"er. the

optimal conditions for 1\75 as \\"ell as

expanding tumor-specific T cells ha\"e

not be en esrablished. It is possible

that through the use of additional cy-

rokines or T -cen antibodies, culture

systems mar be designed to selec-
tively stimulate the gro\\1h of par-

ticular T -cell subpopulations that are

more suitable for adopti\"e immuno-

therapy.
Adaptation of modero tech-

niques of molecular biology may

also prove in\'aluable in desirnin!!
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Sll";ltegies lO generale pOlem amilU-
mor effcctor cells. Recenl repoTts
on Ihe feasibility and safety with
which lumor-infiltrating Iympho-
cytes transduced \\'ith the
ncom)'cin-rcsistam gene \\"ere suc-
(cssfult), imroduced imo humans
has gencr;¡lcd oveT\\'heJming inter-
CSl in lhe application of gene-
transft'r lcchnolog)' to T -cell
lhcra~')' L"'f human malignancy.7o As
proposcd b)' Rosenberg et al,7\'

tumor-infiltrating lymphocytes-
(ould I)c lransduced \\ith \"ectors
exprcssing tumoricidal c)10kines
such as tumor necrosis factor,
\vhich might then impro\"e their
ami rumor efficaC)1. The underJ)ing
ralionale fL",r this approach is that
thc in \'i\"o ami tumor efficac)' of
sensiti:ed T lymphoc)"tes is gO\'-
emed nL"'t only by specific tumor
recognilion through the T -cell re-
ceptor but also by the necessary
machinef)" to produce certain cy-
tokines.';! \\'hile this h)'Pothesis is
attracti\"e and has some scientific
\"alidity, much more \\'ork needs to
be done to pro\ide direCt e\idence
as to \\"hich cytokines are impor-
tanto

This re,iew summarizes our
current understanding on the cel-
lular therapy of cancer. The ex-
perimental obser\'ations that ap-
propriately activated l)'mphoid
cells can mediate regression of es-
tablished tumor has led to the in-
stitution of clinical trials with en-
couraging results. Despite this
limited success, funher elucidation
of the principIes involved in sensi-
tizing T cells to tumor antigens
will allo\\' broader applications of
this therapeutic modality.
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