sometimes yield false results especially
during early pregnancy (I3). The
radioreceptor assay reported here is
rapid, specific, and sensitive enough to
detect pregnancy as early as day 6 to 8
after conception, and is of use in the
diagnosis and clinical management of
early pregnancy, abortion, ectopic
pregnancy, infertility, related patho-
physiological conditions, and in the
evaluation of suction curettage and arti-
ficial insemination (I4).
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Serum Induced Lymphoid Cell Mediated Cytotoxicity to Human

Transitional Cell Carcinomas of the Genitourinary Tract

Abstract. In some serums of patients with transitional cell carcinoma (TCC),
a factor is present which induces lymphocytes from most donors with or without
TCC to become cytotoxic against TCC-derived target cells. The induced cyto-
toxicity was directed against target cells derived from TCC’s of the renal pelvis,
ureter, and urinary bladder, but not against cells derived from normal kidney,
bladder, testis, or skin or from renal cell carcinoma. Cytotoxicity occurred with-
out complement but did not occur without effector cells.

In animals, tumor-specific, lympho-
cyte mediated cytotoxicity (LMC) has
been demonstrated by means of assays
in vitre (7). This in vitro LMC can be
abrogated by the addition of serum fac-
tors present in so-called blocking ser-
ums (/). In contrast to the reduction
in LMC caused by blocking serums, it

Table 1.

has been demonstrated that certain im-
mune serums contain other factors (lym-
phocyte dependent antibodies) which
induce tumor-specific cytotoxicity by
lymphocytes from immune and non-
immune donors (2). This lymphocyte
dependent antibody (LDA) is an im-
munogiobulin G (IgG) which does not

Target cell survival after exposure to LDA-like activity of serums from patients T5

and T6 with and without effector cells (lymphocytes). Serum donors T5 and T6 were diagnosed
as having transitional cell carcinoma of the bladder; donors C1 and C3 were normal. All
serums were diluted 1:5 in phosphate buffered saline, except as indicated; S.E.M., standard
error of mean; CI, cytotoxic index; ns, not significant.

Surviving cells

Lymphocyte Serum E—
donor (diagnosis) donor umber
Type +SEM. CI P
Experiment 1
None C3 TCC-bladder 78.0 = 9.0 5
None T6 935+ 93 20 us
T1 (TCC-pelvis) C3 762 = 8.5
T1 T6 150+ 18 80 01
None C3(1:20) 743+ 94
None T6(1 : 20) 68.3 = 86 8 ns
T1 C3(1:20) 79.5 = 2.1
TI T6(1 : 20) 92+ 66 38 01
Experiment 2
None C3 TCC-pelvis 522+ 1.6 1
None TS 467% 3.0 1 ns
T1 (TCC-pelvis) C3 282+ 44 53 o1
T1 TS 132+ 1.1 '
C1 (normal) C3 293+ 1.5 5
c1 TS 280+ 1.6 : ns
T2 (TCC-bladder) C3 172% 15 41 o1
T TS5 102+ 1.0 ’
T3 (TCC-bladder) C3 352+ 19 18 05
T3 TS 29.0+ 1.8 :
Experiment 3
None C1 TCC-bladder 525 * 3.6 -3 ns
None TS 64.8 = 19.0
T1 (TCC-pelvis) Ci1 180+ 1.8 9% 01
T1 TS 0.8+ 0.2 :
T2 (TCC-bladder) C1 514+ 54 99 01
T TS 0.5+ 03 ’
T4 (TCC-bladder)  C1 36.5% 6.7 97 o1
T4 TS 1.0x= 0.6 ’
C2 (normal) C1 638+ 175 76 01
C2 TS 156 = 23 ’
None C1 Normal kidney 733+ 8.8 — 5 ns
None TS 77.0 = 3.0
T1 (TCC-pelvis) C1 46+ 70 — 4 ns
T1 TS 46.4 = 4.2
T2 (TCC-bladder) Cl1 57.0 = 6.0 2 ns
v TS 56.0 = 4.8
T4 (TCC-bladder) C1 520+ 3.6 12 ns
T4 TS 458 = 2.7
C2 (normal) Cl1 473+ 24 - 3 ns
C2 TS 48.7+ 26
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Table 2. Summary of lymphocyte cytotoxicity response to serum LDA activity against TCC
and control target cells. The diagnoses of the lymphocyte donors were: TCC-P, TCC of the
renal pelvis; TCC-B, TCC of the bladder; RCC, renal cell carcinoma; BPH, benign prostatic
hyperplasia. Control target cells were derived from the following tissues: RCC, renal cell
carcinoma; NB, normal bladder; NK,, NK;, NK¢, normal kidney from donors A, B and C:
NT, normal testis; NS, normal skin. +, significant lymphocyte cytotoxicity induction against
indicated target cell; —, no significant cytotoxicity induction; in no experiment did serums
with LDA-like activity cause significant cytotoxicity against any target cell when tested without
effector cells (lymphocytes). Multiple entries under a given target cell indicate results of
replicate testing of lymphocytes from the same donor on different dates. Mean induced
Iymphocyte cytotoxicity among + donors was equal to 83.6.

Target cell origin

Lymphocyte
donor TCC-

bladder

TCC- TCC-
pelvis ureter

RCC

Normal

NB NK, NK; NK; NT NS

T1 (TCC-P)
T2 (TCC-B)
T3 (TCC-B)
T4 (TCC-B)
T7 (TCC-B)
T8 (TCC-B)
T9 (TCC-B)
T10 (TCC-B)
T11 (TCC-B)
T12 (TCC-B)
T13 (TCC-B)
C1 (Normal)
C2 (Normal)
C3 (Normal)
C4 (RCC) +
C5 (RCC)

C6 (Normal)
C7 (BPH)

C8 (Normal)
C9 (Stricture)

"

s
I

F+ o+

++

+
| +4++++++++++F

iy

+
PR+ ++

require complement for its activity and
which acts in concert with thymus in-
dependent lymphocytes bearing recep-
tors for the Fc portion of IgG (3).

In man, the existence of tumor-
specific LMC and serum “blocking” ac-
tivity have been reported in a variety
of tumors (1), including transitional
cell carcinomas (TCC) of the genito-
urinary tract (4). However, tumor-
specific LDA activity has not been
described in association with human
solid tumors. We now report that a fac-
tor having LDA-like activity directed
against the solid tumor TCC exists in
a small percentage of TCC patient ser-
ums (2/40 TCC serums, 0/42 non-TCC
serums), and that this factor can in-
duce lymphocyte cytoxicity directed
preferentially against TCC-derived tar-
get cells.

We measured serum LDA-like activ-
ity by a modification of the microcyto-
toxicity test described by Hellstrom
et al. (5). Target cells were derived
from TCC’s arising in the renal pelvis
(TCC-pelvis), wureter (TCC-ureter),
and urinary bladder (TCC-bladder), as
well as cells from normal kidney, blad-
der, testicle, skin, and renal cell
carcinoma, and were prepared as de-
scribed (6). The cell line T24 derived
from a human TCC-bladder (7) was
provided by Dr. Jorgen Fogh (Sloan-
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Kettering Institute, New York). Target
cells were propagated as monolayer cul-
tures in Waymouth medium supple-
mented with 10 percent tryptose phos-
phate broth (Difco), 20 percent fetal
calf serum, penicillin (100 L.U./ml),
streptomycin (100 pg/ml), and gluta-
mine (1 mM) and were grown in a
humidified atmosphere of 5 percent
carbon dioxide in air at 37°C. All target
cells were without evidence of myco-
plasma by culture and electron micro-
scopic examination.

Mononuclear effector cells (lympho-
cytes) from defibrinated venous blood
samples from 11 TCC patients and 9
control patients without TCC were ob-
tained by density gradient centrifuga-
tion in Ficoll-Hypaque (8), or by
plasma-gel sedimentation (9) and in-
cubation on nylon fibers (10) with sub-
sequent red cell lysis in ammonium
chloride (I1). The mononuclear ef-
fector cell preparations studied con-
tained more than 95 percent lympho-
cytes. Serum samples were obtained
from 40 TCC patients and from 42
control patients with non-TCC cancer
or without malignancy. The comple-
ment activity of the serums was de-
stroyed by heating at 56°C for 30
minutes, and the serums were stored
at — 120°C in the vapor phase of liquid
nitrogen.

The microcytotoxicity assay was per-
formed as follows. Target cells (aver-
aging 50 to 100 target cells per well)
were added to each well of a Micro-
Test II plate (No. 3040, Falcon Plas-
tics) and incubated overnight to allow
attachment of the cells. The growth
medium was then decanted, and 0.1 ml
of serum, diluted 1 : 5 in 0.01M phos-
phate-buffered saline (PBS), pH 7.4,
was added to wells containing the tar-
get cells. The target cells were incu-
bated for 60 minutes on a rocking
platform at 37°C, and then the lym-
phocytes (2 X 105 cells in 0.1 ml of
medium without fetal calf serum) were
added to each well. After further in-
cubation for 1 hour, 0.05 ml of growth
medium containing 50 percent fetal
calf serum (the complement was inac-
tivated by heating) was added to each
well and incubation was resumed for
48 hours more to allow maximum ex-
pression of cytotoxicity. After this in-
cubation, the media and unattached
cells were removed by gentle washing
with PBS. The surviving, attached tar-
get cells were fixed with absolute etha-
nol, stained with crystal violet (0.1
percent), visualized under a micro-
scope, and counted. Cytotoxic effects
were estimated by comparing the num-
ber of target cells remaining after ex-
posure to lymphocytes from a given
donor plus test serum with the number
of target cells surviving exposure to
lymphocytes from the same lympho-
cyte donor plus control serum. Target
cell reduction was expressed as a cyto-
toxic index (CI) derived as follows:

Nos — Nrs

s = 18 100 =
N X 100 =CI

where Ncg is the number of target
cells surviving exposure to lympho-
cytes plus control serum, and Ny is the
number of target cells surviving expo-
sure to lymphocytes plus test serum.
Cytotoxicity was considered significant
if the difference between the number
of target cells surviving exposure to
test and to control reagents had a P
value of less than .05 by Student’s
t-test.

Table 1 shows the LDA-like activity
of serum from TCC-bladder patient T6
in inducing cytotoxicity in lymphocytes
against TCC-bladder—derived target
cells (Table 1, experiment 1). Lym-
phocytes from TCC donor T1 signifi-
cantly reduced TCC-bladder target cell
survival in the presence of serum from
patient T6 as compared to target cell
survival after exposure to lymphocytes
from the same donor (T1) plus serum
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from the control patient C3. These
differences in target cell survival were
not the result of a nonspecific growth
promoting effect by the control serum
(C3) because. a similar number of
target cells remained after exposure to
either T6 or C3 serum in the absence
of lymphocytes. The induction of lym-
phocyte cytotoxicity by the T6 se-
rum was dependent on concentration
because further dilution of T6 serum
(1/20) resulted in a diminution of the
induced lymphocyte cytotoxicity against
the TCC-bladder target cell (Table 1,
experiment 1). Lymphocytes from most,
but not all, lymphocyte donors were
rendered cytotoxic to TCC-derived tar-
get cells by the LDA-like serum activity
(Table 1, experiments 2 and 3). While
lymphocyte cytotoxicity was induced
against the TCC-bladder target cell line,
normal kidney target cells tested simul-
taneously were not affected (Table 1,
experiment 3). Thus the serum-induced
lymphocyte cytotoxicity appeared to be
antigen-specific (Table 2). Serum with
LDA-like activity from patient TS did
not cause a significant reduction of
either TCC-derived target cells or the
normal kidney cells, in the absence of
lymphocytes (Table 1, experiments 2
and 3).

While direct intrinsic lymphocyte
mediated cytotoxicity against TCC tar-
get cells is also demonstrated [for ex-
ample, lymphocytes from T1 versus
lymphocytes from C2, in the presence
of normal serum from C1, tested against
TCC-bladder target cells (Table 1, ex-
periment 3)], our method of analysis
takes into account (by appropriate con-
trols) the intrinsic cytotoxicity caused
by the lymphocytes themselves; and thus
the CI’s (Table 1) are an estimation of
the cytotoxicity induced by the presence
of the LDA-like activity in serums
from patients TS and T6.

Studies to define target cell specificity
were carried out with serum from pa-
tient TS5. The results of 18 independent
experiments demonstrate that serum
from patient TS5 (diluted 1 :5) induced
cytotoxicity in lymphocytes obtained
from 87 percent of the TCC and con-
trol donors against the three TCC-
derived target cell lines tested (Table 2).
In addition, no cytotoxicity induction
was detected against any of the normal
target cells lines or against renal cell
carcinoma tested simultaneously. Nine
serum samples obtained at different
dates from patients T5 and T6 also
showed similar LDA-like activity in
assays not presented here.

The cytotoxicity inducing activity of

17 MAY 1974

the serum factor (or factors) described
above resembles the activity of lympho-
cyte dependent antibodies reported
previously. Neither requires added com-
plement, nor is either effective in the
absence of effector (lymphoid) cells.
Like previously described LDA (3), the
serum factor demonstrated above ap-
pears to determine the specificity of
the induced cytotoxicity. The LDA-like
activity of serums from patients TS and
T6 appears to be directed against TCC
(and not against HL-A antigens) since
the cytotoxicity was induced against all
the TCC cell lines tested but not against
any of the seven non-TCC control cell
lines (Table 2). While such target cell
specificity suggests the participation of
antibody, additional study will be re-
quired to determine whether this LDA-
like factor is an IgG immunoglobulin.

It is not known whether thymus in-
dependent lymphocytes are the effector
cells in these studies as they are in
other LDA assays. This is significant
because it has been reported recently
that thymus independent lymphocytes
are important in cell mediated cyto-
toxicity against human TCC-bladder
cells (/2). Thus, if the LDA-like ac-
tivity of the TCC serums is similar to
previously described LDA, it may po-
tentiate the cytotoxicity of an effector
cell type important in cell mediated
immunity to human TCC.

The demonstration of the existence
of serum dependent lymphocyte cyto-
toxicity against TCC’s may provide an
additional avenue for investigating the

development and expression of immune
responses against human solid tumors.
If serum factors are capable of induc-
ing in vivo lymphocyte mediated tumor
destruction in man as they have been
reported to do in animals (/3), then
perhaps the opportunity for immuno-
therapy in patients with transitional cell
carcinomas may be enhanced.

. THOMAS R. HAKALA
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Department of Surgery/ Urology,
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Partition of Tissue Functions in Epithelia: Localization of
Enzymes in “Mitochondria-Rich” Cells of Toad Urinary Bladder

Abstract. The mucosal epithelium of the toad urinary bladder reabsorbs sodium,
acidifies the urine, and is responsive to neurohypophyseal hormones. Mucosal
epithelial cells, consisting of two major morphologic cell types, ‘“mitochondria-
rich” and “granular,” were removed from the bladder and separated by density
gradient centrifugation. The mitochondria-rich cells contained three times as
much carbonic anhydrase activity as the granular cells. Oxytocin caused a 235
percent increase in the adenosine 3',5'-monophosphate content of mitochondria-
rich cells but had no effect on the granular cells. The evidence indicates that the
mitochondria-rich cell, which accounts for only 15 percent of the mucosal cells,
plays a major role in the mediation of sodium ion and hydrogen ion transport in
the toad bladder and is a specific site of action of neurohypophyseal hormones.

Epithelial membranes often contain
several types of cells, each of which
may contribute to different aspects of
the tissues’ overall physiology. Oxyto-
cin, vasopressin, and related neurohy-
pophyseal hormones cause an increase
in the hydroosmotic permeability (1)

of the urinary bladder of the toad,
Bufo marinus, and an increase in the
rate at which the tissue transports
sodium (2) from the luminal surface
to the nutrient surface. These responses
are evidently mediated by a hormone-
sensitive adenylate cyclase (3, 4).
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