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Abstract The human MHC-non-restricted cytotoxic T celthe villi structure: these alterations were completely re-
line TALL-104 has been shown to display potent antitumatersed by 72 h after the last injection, while liver alterations
effects in several animal models with spontaneous arelersed more slowly (1 week). No delayed or chronic
induced malignancies. In view of its potential future usixicity was observed in any of the animals even when non-
in cancer therapy, we investigated the tolerability aridradiated TALL-104 cells were administered: both immu-
target-organ toxicity of these cells in various animal sp@ocompetent mice and healthy dogs were found to be
cies. The acute toxicity of TALL-104 cell administrationgrossly and histopathologically normal when sacrificed
was evaluated in: (a) healthy immunocompetent mice afd year and 1 month after the last TALL-104 injection
immunodeficient (SCID) mice bearing human tumors usimgspectively). TALL-104 cells did not persist in these hosts.
multiple (up to 15) intraperitoneal (i.p.) injections, and (bn addition, monkeys showed no molecular signs of
healthy dogs, tumor-bearing dogs, and healthy monkelALL-104-cell-induced leukemia in their blood 1 year
using multiple (up to 17) intravenous (i.v.) injectionsafter the last cell injection. Despite immunosuppression,
TALL-104 cells werey-irradiated (40 Gy) prior to admin- most of the tumor-bearing dogs as well as the healthy dogs
istration to mice and dogs, but administered without irr@nd monkeys developed both humoral and cellular immune
diation in monkeys. Cell doses ranged fromx B)’/kg to responses against TALL-104 cells. The data derived from
10t0kg for each injection. All regimens were well toleratthese preclinical studies suggest that administration of high
ed, the main clinical signs observed being transient gastdmses of irradiated TALL-104 cells is well tolerated and
intestinal effects. Moderate and transient increases in liwgould be unlikely to induce severe toxicity if applied in
transaminase levels were observed in all animal specieknical trials to the treatment of patients with refractory
Discrete and transient leukocytosis with neutrophilia wasncer.

also noted in dogs and monkeys after i.v injections of

TALL-104 cells. Histological analysis revealed foci ofKey words Cell therapy- MHC-non-restricted cytotoxic
hepatic necrosis with lympho-/mono-/granulocytic infiltraT cell line - Acute toxicity - Chronic toxicity - Biodistri-

tion in immunocompetent mice injected i.p. withbution- Immunological effects Hematological effects
5x109— 100 cells/kg. In the same mice, the colon showed

an increased number of muciparous cells and alterations in
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some cases [7]. Unfortunately, the antitumor effects of IL-Table 1 Schedule ofy-irradiated TALL-104 cell administration in
and its toxicity are both dose-related; this constitutes &finor-bearing SCID mice

important drawback to its clinical use. Numerous phasepbse ofy-irradiated Number  Schedule of i.p.

and |l clinical trials have been conducted to evaluateALL-104 cells (kgl) of mice  administration

different routes of administration [8] and dose schedul

N . 20 Daily for 15 d
[9, 10] for IL-2, and combinations of IL-2 with othergxig 80 Di;@ fS; 10 dgﬁ
cytokines [11—14], drugs [15-18], or cells (LAK, tumor-1c 80 Alternate days (total of %);
infiltrating lymphocytes) [19—21] in efforts to minimize the weekly (total of 6x)

side-effects of IL-2 administration without compromising
its potency as an antitumor agent. Thus far, these studies
have yielded promising but inconclusive results. OKT3 preparation
We have developed a new cell-therapy approach to
cancer that might overcome the limitations of LAK/IL-20KT3 hybridoma cells (American Type Culture Collection) were

. . . . 7 i.p.) into 6-week-old BALB/c mice (Taconic, Germantown, N.Y.)
istration of exogenous cytokines such as IL-2 for efficac retreated 7 days earlier with Pristane (Sigma; 0.5 ml i.p.) and

This approach is based on the use of the IL-2-dependeiiethally irradiated (40 Gy) just prior to the hybridoma cell injection.
human leukemic T cell line TALL-104 (CD3/TGH*, After 10—12 days, ascites fluids were collected, pooled and purified

CD8*, CD16-), which was established and characterize¢$ing aLnJ 'gGlafﬁgity ghfgn}%togfaghydcoklénn (mﬁb'kaang”? F’ht‘?“_'t
H _ fRacla, uppsala, sweden). € puritied m. was checkea tor reacuvity
In our Iaborato_ry [22_ 25]. T_h_ese Ce!ls are endowed W@ainst TALL-104 cells by immunofluorescence analysis, filtered on
MHC-non-restricted killer activity against a broad range Qj2um-pore-size filters (Coming, New York, N.Y.) and stored in
tumors across several species, while sparing cells fraiiquots at —20C.

normal tissues [22—25]. Tumor cell lysis by TALL-104

cells occurs by a perforin-mediated pathway or can be Fas-

dependent. Moreover, cytokines released by TALL-1QMice

cells upon contact with tumor targets [such as interferon_. _ . . -

- Six-week-old Balb/c mice (Charles River Laboratories, Wilmington,
(IFNY)’ tumor necrosis factor (TNE) TNFB, and trans- Mass.) were housed in Thé Wistar Institute Animal Facility in m?cro-
forming growth factor (TGHJ] exert cytostatic effects oninsulator cages. Mice were injected i.p. wigtirradiated TALL-104
tumor cell growth. We have previously shown that cells (40 Gy) at a dose ofs610%/kg twice a day (at 8-h intervals) or at
irradiation (40 Gy) does not significantly affectthe single dose of 2@kg (10 mice per group). Mice were checked

_ : - - . daily for clinical signs of toxicity. Blood was drawn by retro-orbital
TALL-104 cell cytotoxic activity and cytokine Secretlonpuncture with heparinized capillary tubes (Fisher Scientific, Pittsburgh,

[26]. Irradiated TALL-104 cells are very effective in purgpa) 24 h and 1 week after the last cell injection. Complete serum
ing bone marrows from leukemic cells both in vitro and iBhemistry screenings (including alanine aminotransferase, aspartate
immunocompetent mouse models [27, 28]. When used dminotransferase, albumin, blood urea nitrogen, creatinine, glucose,

P ; ; ; _ total bilirubin, Na, K, CI) were performed. Some sera were also tested
adoptive-transfer experimentgjrradiated (40 Gy) TALL for the presence of human cytokines (see below). Two mice per group

10 cells induced regression of transplantable hematopojgsie sacrificed at 24 h and 72 h and organs were removed for
tic and nonhematopoietic tumors in mouse models and t§topathological analysis. The remaining mice were maintained for
spontaneous cancers in dogs [29-31]. analysis of long-term toxicity.

Inthe present stucy,we invesigate the tlerabilty ang 1. Seek g Co 171SCD mee Crares e Laborete
POtent'al target organ tOX'C't'e_S_ of 'rrad'ated and _noriinirr’lal Facility, were engrafted s.c. with the human tumor cell lines
iradiated TALL-104 cells administered i.p. and i.v. intQisted above. At different times after tumor cell transfer (from day 1 to

animals of different species. day 14), mice were injected i.p. witrirradiated TALL-104 cells

Table 2 Laboratory tests performed on dog and monkey blood
samples before, during, and after TALL-104 cell injection

Materials and methods

Whole blood Sera
Cell lines Red blood cells Glucose

White blood cells Blood urea nitrogen
Human tumor cell lines (erythroleukemia K562, glioblastoma U8™Differential Creatinine
MG, lung carcinoma A549, melanoma WM451, prostatic carcinon@ematocrit Phosphorus
DU-145) were purchased from American Type Culture Collectiofb Calcium
(Rockville, Md.) and maintained in Iscove’s modified Dulbecco'sMean corpuscolar volume Potassium
medium (IMDM; Gibco BRL, Grand Island, N.Y.) supplementedviean corpuscolar Hb concentration Chloride
with 10% heat-inactivated fetal bovine serum (Atlanta Biological$jean corpuscolar Hb Carbon dioxide
Norcross, Ga.; complete medium). The TALL-104 cell line was alsplatelets Total protein
maintained in complete medium supplemented with 100 U/ml rhIL-2 Albumin
(Chiron, Emeryville, Calif.) in a humidified incubator with 10% @O Alanine aminotransferase
All cell lines were repeatedly monitored fddycoplasmacontamina- Alkaline phosphatase
tion. Total bilirubin

Cholesterol

Anion gap
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Table 3 Toxicity studies in non-human primates; schedules of administration of TALL-104 &&/18V, F Monday, Wednesday, Friday

Immunosuppression daily Dose of TALL-104 cells {Kg
Schedule Monkey no. Cyclosporin A Methylprednisolone  Non-irradiated Irradiated
(5 mg/kg twice daily) (0.5 mg/kg twice daily)
week 1 M 1 + - 10
week 2 M 16
week 17 107 (boost)
I week 1 W, F, M 2 + - 25-5108
3 + - 2.8-5¢108 + OKT3
(0.1 pg/1® cells)
week 10 107 (boost)
i week 1 M—F (daily) 4 + + 5x107—-5x 108
week 4 107 (boost)
week 1 5 + +
week 4 107 (boost)

following the doses and schedule of administration detailed in TableTumor-bearing dogs

Blood was collected at various intervals (24 h after a single injection

and 1-2 weeks after the last injection of a cycle). Sera were separaiéitty dogs bearing spontaneous malignancies of various histological

by centrifugation and the presence of human cytokines was testedyipes (including lymphoma, breast cancer, malignant histiocytosis,

the pooled sera (see below). Some mice were sacrificed at differeasopharyngeal squamous cell carcinoma, melanoma, mast cell

times after the last TALL-104 cell injection (see Results) and subjectadnor, hemangiosarcoma) were entered in the study.

to necropsy. Some mice that appeared cured from their tumors uponNineteen dogs had advanced refractory disease and 11 dogs were in

TALL-104 cell therapy were maintained for 1 year and thereaftelinical remission at the time of enrollment in the TALL-104 study. All

sacrificed for histopathological evaluation of long-term toxicity (setreatments were discontinued at least 1 week before cell administra-

below). tion. Dogs were divided into three groups according to the injection
schedule. In scheduleysirradiated TALL-104 cells were administered
every other day at a constant dose of/k@ for 2 consecutive weeks

iadistribiti . ; ; followed by four weekly boosts. CsA was administered at a dose of
Biodistribution of TALL-104 cells in Balbfc mice 10 mg/kg p.o. daily, starting from the day before TALL-104 cell

TALL-104 cells (2.5¢107mouse) were labeled overnight in a 32 administration throughout the first 2 weeks of injections. In the

humidified 10% CO incubat ith 0.25 mCi N&51CrlO (DuPont following 4 weeks, CsA was given to the dogs only the day before
NlIJET]I Iéeoston OMegslg(.:uAﬁeT mree Wasrt?esl ll\rid IMgM4 (céjllsor\:ver nd on the same day as the TALL-104 injection. In schedule II, CsA

y-irradiated and resuspended in 5Q0 phosphate-buffered saline 5 mg/kg) was administered twice a day and irradiated TALL-104 cells

(PBS); a 50dl aliquot was assessed for isotope incorporation i a 108/kg i.v.) were given daily for 5 consecutive days. In schedule llI,

counter and the total injected radioactivity was calculated. Balb/c mi&s” Was withheld and irradiated TALL-104 cells ¢IKy i.v.) were
were injected i.p.f{ = 10) and iv. 0 = 10) with labeled cells and @dministered daily for 5 consecutive days followed by single monthly

sacrificed at different times after injection (2 mice per assay at 2, 8, JAi€ctions at the same dose. The number of cell infusions given to each
gg varied from 4 to 17 and the total number of cells infused in each

48, and 72 h). All major organs were collected, weighed, and asse S

for radioactivity in ay counter. Results are expressed as cpm/g orgéﬁg ranged from #10° to 10t. Some of the dogs were hospitalized

collected. uring the cell treatment but most were treated as outpatients. Clinical
signs of acute toxicity (such as fever, chills, hypotension, diarrhea,
vomiting, etc.) were monitored during and after each cell injection. For
the dogs treated as outpatients the owners were properly instructed to

Healthy dogs report on the well-being of their pets during cell treatment. Complete

cell counts and serum chemistries (Table 2) were performed on

Three dogs, 4-month-old siblings bred at the School of Veterinaggmples obtained from the dogs before the study and before each
Medicine of the University of Pennsylvania (Philadelphia, Pa.), weg| administration.

used in this study. Two dogs were male, one was female and all

weighed 9-11 kg. All three dogs received two doses of cyclosporin A

(CsA, each dose 15 mg/kg, per 0s) as immunosuppressive agen .
prevent rejection of the xenogeneic cells. One CsA dose was given 2&#)1?1-human primates
before TALL-104 cell injection and one just before cell administratio
The dogs were sedated with oxymorphone and injected i.v. wi
y-irradiated TALL-104 cells (18kg in 50 ml saline) by slow
(30 min) infusion through a venous catheter positioned in a dis
vein of the front leg. The dogs were carefully observed for signs
acute toxicity during the infusion and in the following month. Bloo

samples were taken at 0, 4, 8, 24, and 48 h after TALL-104 ¢ ily. All of the animal experiments were conducted in compliance

injection. Blood cell counts and a complete serum chemistry profife. : L o
ith GLP regulations for nonclinical laboratory studies issued by the
were performed (Table 2). All laboratory tests were repeated Wee@(wite d States FDA, with the Animal Welfare Act. and with the guide
f

ive young adult male cynomologus monkeys (3—6 years old) weigh-
ing between 3 kg and 6.3 kg were housed individually in a room air-
nditioned to 25:-2 °C with a relative humidity of 50% 20% at the
emorial Sloan-Kettering Cancer Center (New York, N.Y.). The
imals were maintained on a 12-h light/dark cycle and were provided
ith commercial primate chow and water ad libitum; fruit was given

for 1 month. At that time, dogs were euthanized with a lethal dose ; .
. ’ r the Care and Use of Laboratory Animals, prepared by the Institute
pentobarbital (150 mg/kg) and a complete necropsy was performe Laboratory Animal Resources, National Research Council. Prior to

drug/cell infusion, the monkeys were surgically implanted with a
Fogarty catheter through the jugular vein, to reach the right atrium,
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A testis, brain, lymph nodes, and spinal cord) were fixed in 10% buffered
formalin (Fisher), paraffin-embedded, sectioned, and stained with
hematoxylin/eosin for histopathological analysis.

125000 — 2 hr

O 24ne Cytokine assays

100000 |
Levels of human IFN, TNFa, TNFB and granulocyte/macrophage-

colony-stimulating factor (GM-CSF) were measured in serum samples
obtained at different times before and after TALL-104 cell adminis-
trations (see above) using cytokine-specific enzyme-linked immuno-
sorbent assay (ELISA) kits (Endogen, Boston, Mass.), according to the
manufacturer’s procedure. The sensitivity of the assay was 20 pg/ml
for IFNy and TNF, 8 pg/ml for TN and 7.8 pg/ml for GM-CSF.

0 75000
&

a,

\*]

50000 —

25000 - Immunological monitoring in dogs and monkeys

Serum and peripheral blood mononuclear cell (PBMC) samples [sepa-
rated from whole blood by Accu-Prep (Accurate Chemical, Wesbury,
N.Y.) lymphocyte gradient centrifugation] were obtained at different
times before and after TALL-104 cell injections, and monitored for the
development of humoral and cellular immune responses, respectively,
against TALL-104 cells. Sera were diluted at-2dn fluorescence-
activated cell sorting (FACS) buffer (€a and Mg@+*free PBS with
B 0.1% NaN and 2% IgG-free horse serum) and incubated with TALL-
104 cells (1&well) in a 96-well round-bottomed plate for 1 h at room
250000 — 2 he temperature. After three washings in FACS buffer, a fluorescein-
isothiocyanate-conjugated rabbit anti-dog IgG or anti-monkey 1gG
O 2anr (whole molecule; Sigma) was added atT0-2 for 1 h at 4°C. At
the end of the incubation, cells were washed, resuspended inl150
FACS buffer, and analyzed by flow cytometry using an Ortho cyto-
fluorograph cell sorter. The development of a TALL-104-specific
cellular immune response was monitored in dogs and monkeys by
testing the cytotoxic activity of the dogs’ PBMC againdCr-labeled
TALL-104 cells in an 18-t1Cr-release assay [23]. MHC-non-restrict-
ed killing activity was measured in the same assays by testing dogs’
PBMC against K562 cells.
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500001 PCR analysis

The presence and persistence of circulating TALL-104 cells in dogs
and monkeys were evaluated by polymerase chain reaction (PCR)
analysis of frozen aliquots of DNA extracted as described [32] from
PBMC obtained at various intervals before and after TALL-104 cell
injections. Two primers specific for the human minisatellite region
YNZ.22 [32] were used. An oligonucleotide probe recognizing 24
Fig. 1 Biodistribution of 5:Cr-labeled TALL-104 cells in mouse nuclectides in the middle of the amplified sequence was used to
tissue. Balb/c mice were injected |mX or i.v. (B) with 2x107 dem_Or?Stl’:’_:lte the SpeCIfICIty of the PCR pI’OdUCtS by Southern blot
51Cr-labeled TALL-104 cells. Mice were sacrified 2 and 24 h aftehybridization [32].

injections, and lungs, livers, spleens, kidneys, brains, blood, and

intestines removed, weighed, and assessed for radioactivity using a

gamma scintillation counter

blood T
lungs

liver
kidneys
intestine

Results

facilitating the repeated CsA and TALL-104 cell injections and blood
sampling required by the experimental design. The doses of irradiated

or unirradiated TALL-104 cells given and the schedules of cell,. . S . .
injections and immunosuppressive therapy are detailed in Table'k_ﬂ!grat'on of i.v/i.p. injected TALL-104 cells in murine

Clinical observations were recorded daily (before, during, and aftdBSUES

each injection) and the animals were weighed weekly. Blood samples

were withdrawn at different intervals for assessment of complete blopghdiolabeled. irradiated TALL-104 cells injected i.p. into

cell counts and serum chemistry profiles. Sera were also analyzed : ' . . ' o

the presence of human cytokines (see below). @élb/p mice, were detected mainly in the spleer_1 Wlthln_ 2h
after injection (Fig. 1A) and accumulated also in the liver
and kidneys 24 h later. The distribution of TALL-104-cell-

Histopathol associated radioactivity remained unchanged from 24 h to

Istopathology 72 h after transfer (not shown). Upon i.v. injection, most of

Organs removed from mice (Balb/c and SCID) and healthy dogs € radioactivity at 2 h was localized in the lungs (Fig._ 1B)
necropsy (including lungs, liver, spleen, kidneys, intestine, ovaries whereas, after 24 h, TALL-104 cells were detected primar-



Table 4 Laboratory screens of healthy dogs injected i.v. wyth

Table 5 Examples of leukocytosis with neutrophilia in tumor-bearing

irradiated TALL-104 cells (18kg). WBC white blood cells,PMN dogs before, during, and after TALL-104 therapy

polymorphonuclear leukocytes, ND not dance

Dog no. White blood cells €}) Granulocytes (%)
Cell count (CC)
1 Before = 6.%10° 88
Dog no. Cells 0h 8h 24 h Rfl:ring ;iilz’(; 1 gé (highest value)
er=7.
1 WBC 11100 17170 10400 > Before = 10.% 10° 83
PMN 4551 10620 5720 ST hiah |
Lymphocy'[es 6105 6549 4160 D;-Jtnng = 43.9. 100 98 ( (o] est val Ue)
Monocytes 111 531 312 After = 7.8x10° 81
Eosinophils 333 ND 208 3 Before = 4.5¢1(® 56
During = 15.2x10° 94 (highest value)
2 WBC 12600 14700 12000
PMN 7560 8820 6960 After = 6.7x10° 57
Lymphocytes 4534 5733 4680 4 Before = 10.%x10° 70
Monocytes 504 147 240 During = 18x10° 83 (highest value)
Eosinophils ~ ND ND 120 After = 7.1x10° 67
3 WBC 11700 16400 10000
PMN 7020 10660 5900
Lymphocytes 4212 4100 3700
Monocytes 117 820 200 ini i i i
Eosinophils 351 102 200 Clinical observations in dogs and primates

No acute toxicity was observed in the three healthy dogs
after a single i.v. injection of irradiated TALL-104 cells
08/kg). In the 30 tumor-bearing dogs, no life-threatening

X cute reactions were observed during or after TALL-104
total recovery of radiolabeled TALL-104 cells was low afte.EeII injections, except for an isolatedg reaction seen in a

48 .h.and 72 h. (20%_49%)’ most of the detectable radlfé'male dog with lung metastatic breast cancer upon the
activity was still in the liver and spleen (not shown). ThE

ily in the liver, kidneys, and spleen, with much lower level
of radioactivity recovered from the lungs. Although th

same migration pattern was seen with non-irradiated TAL econd TALL-104 cell injection. The dog collapsed 10 min

. ) Lo ter the start of the infusion, showing a weak pulse and
104 cells (npt Sho‘{V”) thus. proving that irradiation does NGecrease in capillary refill time. The in?usion Waspimmedi—
affect motility or diapedesis of these cells.

ately stopped, and the dog was treated with dexamethasone
i.v. Once the dog was stabilized, the cell infusion was
completed at a slower rate. After this episode, the dog was
premedicated with dexamethasone before each TALL-104
cell injection with no further adverse reactions. Mild
vomiting, responsive to antiemetics, and diarrhea were

No clinical signs of acute toxicity were detected in any d¢fe€en in one-third of the dogs.
the 180 SCID mice bearing human tumors (see Materials NO clinical signs of acute toxicity were detected in the
and methods) that were injected i.p. with different dosé@ur monkeys injected with non-irradiated TALL-104 cells
and schedules of administration wirradiated TALL-104 during and after cell administration. Co-administration of
cells (Table 1). Out of 80 tumor-bearing SCID mic&KT3 mAb (known to be a potent stimulus for lympho-
successfully treated with kg irradiated TALL-104 kine-release by TALL-104 cells) did not add any toxicity.
cells injected i.p. on alternate days for a total of 6 injectionshe fifth monkey did not receive TALL-104 cells and was
and weekly thereafter for a total of 6 weeks (Table 1), 26s€d as a control for immunosuppression-related toxicities
were maintained for 1 year. These mice never developed@ble 3).
any kind of delayed or chronic toxicity, including leukemia.

Clinical acute toxicity was noted in a group of 10
healthy Balb/c mice injected i.p. twice daily with irradiatedHematological effects of adoptive transfer of TALL-104
TALL-104 cells at a dose of 8109/kg and in a second cells
group of 10 Balb/c mice treated with a single i.p. injection
of 1010 cells/kg. Lethargy, ruffled fur, hunched posture andiransient (and in one case dramatic) alterations were seen
severe diarrhea with significant weight loss (fronin the results of the hematological tests of all 3 healthy dogs
23.1+0.4 g to 17.8:0.9 g mean weight) were observed h after the single TALL-104 cell infusion, consisting of an
within 24 h of the last TALL-104 injection in all mice. increase in white blood cell counts associated with an
However, all symptoms, with the exception of weight losscrease in the absolute number of granulocytes (Table 4).
were transient and regressed completely in 48 h in 95% Tfese alterations normalized within 24 h after infusion.
the mice. One mouse died as a result of acute toxiciBiscrete leukocytosis with neutrophilia was also noted in
within 24 h of the cell infusion in the second group of micabout half of the tumor-bearing dogs: the number of white
treated with the highest dose. One week after the end of tleod cells increased rapidly after the infusion, reaching
injections the mean weight was 22:8.4 g. 1.7-4 times the baseline levels with 83%—98% neutrophils

Clinical observations in mice post-adoptive transfer
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Table 6 Laboratory tests performed on blood samples of monkeys injected with TALL-104 cells. See Table 3 for schedule of cell administration
for each monkeyBUN blood urea nitrogenALT alanine aminotransferas&ST aspartate aminotransferas&BC white blood cells,PMN
polymorphonuclear leukocytekym lymphocytes

Monkey no. Test Day 1 Day 4 Day 7 Day 14

1 BUN mg/dl 20 16 20 -
ALT U/l 153 137 128 -
AST U/l 134 92 78 -
WBCx108/cc 7.3 6.3 8.9 -
PMN (%) 81 49 63 -
Lym (%) 18 32 28 -

2 BUN mg/dI 10 29 12 -
ALT U/l 54 65 46 -
WBCx108/cc 10.4 10.4 13.7 -
PMN (%) 18 21 12 -
Lym (%) 76 77 86 -

3 BUN mg/dl 10 21 12 -
ALT U/l 39 47 41 -
WBCx108/cc 10.4 18.1 9.9 -
PMN (%) 64 50 49 -
Lym (%) 34 48 51 -

4 BUN mg/dl 21 18 14 -
ALT U/l 56 76 107 54
AST U/l 23 83 55 20
WBCx108/cc 12.6 25.8 19.6 13.1
PMN (%) 57 58 58 54
Lym (%) 45 36 43 43

5 BUN mg/dI 20 18 19 17
ALT U/l 58 58 58 56
WBCx108/cc 10.9 141 11.7 111
PMN (%) 54 68 63 60
Lym (%) 42 32 36 39

at 24 h, and returned to normal within 24—48 h after the lastonkey no. 3 but remained elevated in monkey no. 4
cell infusion (see examples in Table 5). No significartecause of the different schedule of cell administration.
correlation was found between neutrophilia and schedudlée test normalized in this monkey 1 week after the last
administration. injection (Table 6).

No significant hematological effects were observed on
monkey no. 1, injected with Bkg non-irradiated TALL- Effects on serum parameters
104 cells once a week for a total of two infusions, together
with CsA (5 mg/kg twice daily), or in monkey no. 5Analysis of sera collected from Balb/c mice 24 h after the
(control receiving only immunosuppressive drugs). Howast injection showed increased liver transaminases, de-
ever, the absolute number of white blood cells increasetkased total bilirubin and albumin, and hypokalemia and
from 4 days after infusion in monkey no. 3 (who wasyperchloremia (Table 7). These values normalized by
injected with 2.5¢108—5x108/kg non-irradiated TALL-104 day 7.
cells on alternate days for a total of three injections together Chemistry profiles assayed on sera taken from healthy
with CsA, (5 mg/kg twice daily), and in monkey no. 4 (whalogs 0, 4, 8, 24, and 48 h after the single TALL-104 cell
was injected with escalating doses of TALL-104 cellspjection and then weekly for 1 month revealed no abnorm-
ranging from 5<107—1(®/kg, daily for 7 days, together alities (not shown).
with 5 mg/kg CsA and methylprednisolone, 0.5 mg/kg An increase in liver transaminases (highest alanine
twice daily). By day 7, this leukocytosis had resolved iaminotransferase values, 439 IU; normal dog range = 0—-77

Table 7 Serum chemistries on healthy immunocompetent Balb/c mice injected i. p. with TALL-104 celtgk¢fOAIl chemistry tests were run
on pooled sera from 5 micdLB albumin, TBil total bilirubin

Test Oh 24 h 7 days Normal mouse range
ALT (1U/l) 46 180 39 28-132

ALB (g/dl) 3.74 2.41 3.61 25-4.8

TBil (mg/dl) 0.75 0.00 0.6 0.1-0.9

K+ (mmol/l) 5.30 4.52 5.1 4.7-6.4

Cl- (mmol/l) 111.6 128.7 121.1 92-120
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Fig. 2 A—D Histopathological analysis of livers from two represen-

tative Balb/c mice injected i.p. with 10kg irradiated TALL-104 cells. Fig. 4A—D Histopathological analysis of different segments of the
Necrotic foci with lymphocytic/monocytic/neutrophilic infiltration areintestine from a representative Balb/c mouse that developed diarrhea
evident beneath the liver capsul, B Alterations at 24 hC, D liver  after i.p. injection of irradiated TALL-104 cells (2@kg). A Duode-
changes at 72 h. Hematoxylin/eosin staining; magnification x200hum: despite the general increase in the number of muciparous cells in
(A, C) and 400¢ (B, D) the villous epithelium, the structure of the villi is otherwise well
preservedB llleum: modest alterations in some of the villi, limited

to the luminal partC Colon transversum: the alterations in the villi are
more diffuse and sever®. Colon distale: dramatic destruction of most

of the villous structure. All of these anatomopathological alterations
were completely reversible within 72 h after TALL-104 cell injection.
Hematoxylin/eosin staining; magnification 280

in alkaline phosphatase (highest value, 1116 IU; normal dog
range = 0—400 IU) and in total bilirubin (highest value,
4.41 mg/dl; normal dog range = 0—0.50 mg/dl). These
alterations were transient and returned to normal levels as
soon as cell injections were halted.

Small and transient increments in liver transaminases
and blood urea nitrogen were noted in the sera of monkeys
2, 3 and 4, which nevertheless remained within the normal
range (Table 6). These tests were back to normal by day 7
in monkey no. 2 and by 1 week after the last injection in
monkey no. 4, because of the different schedule of cell
administrations.

Macroscopic observations

. . . . _ Necropsy was performed on some of the SCID and Balb/c
Fig. 3A—D Histopathological analysis of spleeA,(B) and kidney mjce and in the 3 healthy dogs. No macroscopic findings

(C, D) from a representative Balb/c mouse injected i.p. witho/kg _ . :
irradiated TALL-104 cells 24 h before sacrifice. Note the presence o peared related to TALL-104 cell administration except

layer of TALL-104 cells between the visceral peritoneum and tH®r splenomegaly, which was noted in tumor-bearing SCID

splenic capsuleafrows, A, B) or the renal capsuleafrows C, D) but mice injected i.p. with 19kg irradiated TALL-104 cells

no infiltration into the organs. Magnification 280(A, C) and 400«  daily for 15 consecutive days or with>&0%/kg for 10

(8. D) consecutive days. Notably, mice sacrificed within 2 weeks
of the last cell injection had a significantly enlarged spleen
(the mean spleen weight of untreated mice was

IU) was seen in fewer than 10% of the tumor-bearing do@s028+0.005 g, whereas the mean spleen weight of treated

in the study, sometimes associated with a transient increasiee was 0.1020.010 g) due, possibly, to the effects of
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cytokines (such as GM-CSF) produced by TALL-104 cellgor legend see next page
during tumor interaction and cross-reacting with lympho-
hematopoietic murine cells. Both histology and PCR ana-

lyses excluded the direct presence of TALL-104 cells ihe parenchyma. The duodenum, ileum and rectum showed
these spleens at that time (not shown). no significant histological abnormalities; however, dramatic
histological changes were seen in the colon, consisting of
an increased number of muciparous cells together with
alterations in the structure of the villi (Fig. 4). The intestinal
abnormalities were reversible (not detectable 72 h after the

The splenomegaly noted on macroscopic evaluation Iggt cell injection), while the liver alterations were slower to
tumor-bearing SCID mice receiving multiple injections ofépair, still being visible at 72 h (Fig. 2C, D). These
irradiated TALL-104 cells was found to be associated witpPServations were consistent with laboratory findings of
an increase of granulocytopoiesis in the spleen (not showR§rsistent elevated transaminases at 48 h and 72 h, which
Otherwise, these mice showed no histopathological afoWly normalized over 1 week (see above).

normalities other than those attributed to the implanted HiStopathological analysis of tissues obtained from the 3
tumors. By contrast, Balb/c mice sacrificed 24 h and 72/}galthy dogs sacrificed 1 month after a single TALL-104
after the last i.p. injection had histological evidence of fo&€!l injection demonstrated no organ toxicity (not shown).

of hepatic necrosis with lymphocytic, monocytic, and

granulocytic infiltration beneath the liver capsule and inside

the parenchyma (Fig. 2). Subcapsular infiltrates of lynBerum levels of human cytokines

phoid cells (likely TALL-104 cells) were also detected in

the spleens and kidneys (Fig. 3A, B and C, D respectivel{yp detectable levels of human (TALL-104 released) cyto-
but were never associated with necrosis and/or invasionkifies (TNFx, TNFB3, IFNy, and GM-CSF) were found in

Microscopic observations
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mouse sera (both SCID and Balb/c) collected 24 h afteig. 5SA—H Humoral @, C, E, G) and cellular B, D, F, H) immune

TALL-104 cell injection. However, significant levels ofresponses against TALL-104 cells developed by 4 monkeys injected

these cytokines were detected in the sera of some turrf'fdﬁ‘-With different doses of non-irradiated TALL-104 cells (see Table 3
0

- L r dose and schedule of cell administration). Blood samples were
bearing dogs 24 h after TALL-104 cell injections (I¥N obtained on the indicated dates. The presence of antibodies against

30-120 pg/ml, TNE, 25-132 pg/ml, and TFBl TALL-104 cells was tested in monkey sera by fluorescence-activated
40-150 pg/ml), but these levels were not associated witll sorting analysis as described in Materials and methods; monkey
any clinical toxicity. Modest levels of TN and TN peripheral blood mononuclear cells (PBMC) were tested for cytotox-
(30—40 pg/ml) were also detected, although randomly, |ﬁty against K562 and TALL-104 cells in an 185%Cr-release assay

monkey sera within a few hours after cell injection.

boosting withy-irradiated TALL-104 cells (Fig. 5B, D, F,
H), but not in control monkey no. 5 (not shown).
Immune response against TALL-104 cells

Despite the different immunosuppressive regimens wibetection of circulating TALL-104 cells

CsA given in association with steroids or not, virtually all

healthy and tumor-bearing dogs (not shown) and monkep€R amplification of the human minisatellite region
(Fig. 5) developed a humoral immune response agaif¥diZ.22 was performed on PBMC isolated from the dogs
TALL-104 cells, usually between days 8 and 12 after thend monkeys at different intervals before, during, and after
first injection (Fig. 5A, C, E, G). Specific and aspecificcell therapy to document the time of appearance and the
cellular immune responses against TALL-104 and K5@84&netics of disappearance of non-irradiated TALL-104 cells
cells (respectively) were demonstrated in 80% of the treatiedm the circulation. Circulating TALL-104 cells were
dogs (not shown) and in the monkeys (nos. 1-4) aftalways detectable in tumor-bearing dogs (not shown) and
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1o 3 4 5 5 T8 9 48 been suggested that IL-2-activated lymphocytes are hepa-

i totoxic; the strong correlation between peak lymphocyte
counts after IL-2 priming and serum transaminase levels
supports this contention [35]. As in the case of TALL-104
; : cells, the LAK-cell-induced liver abnormalities were tran-
- . sient and reversible.

None of the hematological abnormalities associated with

Fig: 6 Polymerase chain reaction amplification of the minisatellité -2/LAK therapy, including anemia, transient lymphope-
region YNZ.22 performed on PBMC of monkey no. 1, obtained befoigia followed by rebound lymphocytosis, eosinophilia, and

and at different times after TALL-104 cell injectionisanes: 1water . . . .
(negative control);2 time O first injection;3 4 days after;4 time 0 thrombocytopenia with coagulation disorder [36], were

second injection5 4 h after;6 2 days later7 4 days later8 16 days observed in t.he present study. However, various degrees
later; 9 4 months later0 TALL-104 cells (positive control) of leukocytosis with relative neutrophilia were detected in

both dogs and monkeys injected with TALL-104 cells.
Some of the tumor-bearing dogs showed white blood cell
Eounts two to five times above baseline levels in 24 h, with
up to 99% neutrophils, perhaps reflecting the high levels of
GM-CSF produced by TALL-104 cells in response to
tumors [24]. However, we did not detect this cytokine in
Discussion serum samples from TALL-104-treated animals at different
intervals after cell administration, possibly because of (1)
The MHC-non-restricted cytotoxic TALL-104 cell linethe time of sampling (24 h after cell injection might be too
holds promise in future management of cancer as sholate to detect GM-CSF in the serum since secretion in vitro
in several animal models with spontaneous and inducpéaks at 8 h after the stimulus is applied); (2) the sensitivity
malignancies [29—-31]. The present study was designedtioeshold of our ELISA test (7.8 pg/ml may be insufficient);
investigate acute and long-term toxicities related to adopnd/or (3) the fast metabolism and removal of the cytokine
tive transfer of TALL-104 cells in different animal speciegrom the circulation. On the other hand, significant levels of
using different routes and schedules of administration. THeNy, TNFa, and TN were detected in the sera of some
results show that, in the experimental conditions chosdnmor-bearing dogs and monkeys; however, no correlation
TALL-104 cell administration is a safe procedure nowas seen between these levels and clinical toxicity.
associated with major clinical toxicities. In fact, significant An important observation in the present study was the
clinical toxicity was induced only in mice injected i.p. withtotal absence, during TALL-104 cell injections, of clinical
very high doses of irradiated cells (approximately 100 timéexicities associated with increased capillary permeability, a
higher than the dose shown to have antitumor activity finding that contrasts with preclinical and clinical experi-
vivo) [31]. The toxicity was limited to the gastrointestinaknce with IL-2/LAK therapy [1-6]. The mechanisms by
tract (diarrhea) and was completely reversible within 48wWhich IL-2/LAK cells induce vascular leak syndrome are
of the last cell injection. Because such a large number wfiknown, but evidence suggests that this effect may be
cells could be administered to the mice only i.p. and notediated directly or indirectly by host lymphoid elements
systemically (without causing lethal pulmonary embolism#ctivated by exogenous IL-2 administration [37]. Other data
we cannot exclude the possibility that the gastrointestingthiow that LAK cells can bind and lyse normal human
toxicity reflected local irritation of the intestine rather thawascular and corneal endothelial cells in vitro [38].
an actual systemic toxic effect. In this regard, biodistribuAlthough TALL-104 cells have not been tested for induc-
tion studies in mice injected i.p. with radiolabeled TALLtion of vascular leak syndrome, this seems unlikely in light
104 cells (2.5 107/mouse) showed a high accumulation oéf the total absence of any signs associated with this
radioactivity in the animals’ intestines at 24 h (Fig. 2A). Bgyndrome in any of the animal species tested in this
contrast, gastrointestinal radioactivity was only marginatudy. Moreover, TALL-104 cells maintain their antitumor
when the mice were injected i.v. with the same cell dosetivity in vivo without requiring exogenous IL-2 [29-31],
(Fig. 2B). Vomiting and diarrhea were also observed durirgp that administration of TALL-104 cells as single agent in
i.v. TALL-104 cell administration in around 10% of tumor-prospective clinical trials should not be associated with the
bearing dogs, but these symptoms were always mild atexicity seen with LAK/IL-2 therapy.
easily controlled with appropriate therapy. The same gas- The only serious acute toxicity observed in our study
trointestinal side-effects have been described in 80% whs an isolated reaction, easily controlled by steroids,
human patients during LAK/IL-2 therapy [33]. Abnormal-observed in one tumor-bearing dog during her second
ities in liver function tests were observed in all specieggonsecutive injection with TALL-104 cells. This type of
tested in this study, independent of the route and schedtgicity is to be expected in protocols involving injection of
of TALL-104 cell administration. However, in all casesxenogeneic cells. The low incidence of toxic reactions in
values returned to baseline 72 h to 1 week after the last cgdigs and monkeys was even more surprising, considering
injection, indicating that the insult to the liver was transierihat CsA (given to prevent TALL-104 cell rejection) did not
and reversible. Similarly, LAK/IL-2 therapy has beerblock the development of either humoral and cellular
associated with altered hepatic functions [34], and it himmunity against TALL-104 cells.

in monkeys (Fig. 6) for a maximum of 1 week, irrespectiv
of whether the TALL-104 cells were irradiated or not.




135

Finally, the lack of circulating TALL-104 cells months 8. Cheever MA, Thompson J, Kern D, Greenberg PD (1985) Inter-
after the last injections, as documented in the dogs by PCR leukin-2 (IL-2) administered in vivo: influence of IL-2 route and

. . . . . f timing on T cell growth. J Immunol 134:3895
analysis, and in mice, by histopathological analysis of Ettinghausen SE, Rosenberg SA (1986) Immunotherapy of murine

tissues from animals sacrificed 1 year after the last injection sarcomas using lymphokine activated Killer cells: optimization of
with irradiated TALL-104 cells, rules out potential delayed the schedule and route of administration of recombinant interleu-

sideieffects such as leukemia/lymphoma induced by irra- Kin-2. Cancer Res 46:2784

: _ P 0. Thompson JA, Douglas JL, Lindgren CG, Benz LA, Collins C,
diated TALL-104 cells. Itis important to note that the Sam% Levitt D, Fefer A (1988) Influence of dose and duration of infusion

studies on monkeys demonstrated that even the non-irra- of interleukin-2 on toxicity and immunomodulation. J Clin Oncol
diated TALL-104 cells are unable to proliferate, to induce 6:669

sustained chimerism, or to induce leukemia in xenogendit Budd GT, Osgood B, Barna B, Boyett JM, Finke J, Medendorp SV,
hosts. Murthy S, Novak C, Sergi J, Tubbs R, et al (1989) Phase | clinical

. . trial of interleukin 2 and alpha interferon: toxicity and immuno-
Together, our data in animal models and the resu!ts from logic effects. Cancer Res 49:6432
safety testing suggest that TALL-104 cells constitute #. Rosenberg SA, Lotze MT, Yang JC, Linehan WM, Seipp C,
tumoricidal effector cell population that is relatively non- Calabro S, Karp SE, Sherry RM, Steinberg S, White DE (1989)
toxic against normal tissues in vivo. These studies, com- Combination therapy with interleukin-2 and interferon-alpha for

bined with previously reported preclinical studies, indicat- U1cgheatment of patients with advanced cancer. J Clin Oncol

ing the antitumor effects of irradiated TALL-104 cells im3. paolozzi F, Zamkoff K, Doyle M, Konrad M, Bradley EC,
vitro and in vivo [29, 30], provide a basis for extending the Rudolph A, Newman N, Gullo J, Scalzo A, Poiesz B (1989)
evaluation of these cells to phase | and Il trials in patients Phase | trial of recombinant interleukin 2 and recombinant beta-

: _ B i interferon in refractory neoplastic diseases. J Biol Response Mod
with TALL-104-sensitive tumors that are refractory to 8:122

current chemo-radiotherapeutic regimens. 14. Redman BG, Flaherty L, Chou TH, Al-Katb A, Kraut M,
Martino S, Chen B, Kaplan J, Valdivieso M (1990) A phase |
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