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480 nm, though the maximum of the fluorescence of the
paraganglia was shifted to 495 nm {figure 3). For control
purposes, formaldehyde-HCl-induced fluorescence of
tryptophan in the tissue proteins was measured from the
zymogen granules of the pancreatic acinar cells known
to contrain chymotrypsinogen and trypsinogen with a rela-
tively high number of tryptophane residues, which exhibit
a, bright fluorescence with this method!® 21, The emission
maximum of the fluorescence was at 495 nm, and the
shape of the curve was similar to that recorded from the
paraganglia of man (figure 3). After HCI treatment,
intensely fluorescent granules could be observed in the
cytoplasm of the PG-cells against the homogenous
background fluorescence.

The 3fold increase in the formaldehyde-induced fluo-
rescence of the paraganglia of man after acidification
strongly suggests that there is a protein containing a
relatively high number of tryptophane residues in the
cytoplasmic granules. The molecular basis of the acid-
catalyzed formaldehyde-induced fluorescence of trypta-
mines including tryptophane has been suggested to be
the promotion of the formation of strongly fluorescent
dihydro-f-carboline compounds?!®. Various modifications
of the acid-catalyzed formaldehyde condensation reaction
have been used for the localization of tryptophane-con-
taining peptide hormones in the endocrine cells and of
enzymes stored in the cytoplasmic granules in the
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exocrine cells?3-18. Further evidence for the presence of
tryptophane-containing protein was gained with the
studies concerning the emission spectra, which can be
used for the differentiation of the formaldehyde-induced
fluorescence of various biogenic monoamines and amino
acids at the cellular level!®. The amino acid composition
of the major protein constituents of the chromaffin
granules of the adrenal medulla of several species is
known and tryptophane has been found to be missing
from these proteins??. Our observations suggest that
there is a hitherto unknown protein in the granules
of the paraganglionic cells of adult man. Considering
the general characteristics of APUD-cells the results
suggest, that the PG of man, which are widely distributed
and well vascularized clusters of cells, do produce and
store both catecholamines and tryptophane containing
protein possibly of an endocrine nature.
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Serum activity inhibiting specific simian virus 40-induced transplantation resistance and its cor-
relation with primary SV40 tumors appearance in hamsters

E. A. Volpe!?

Laboratory of Tumor Immunology, Cancer Reseavch Center, USSR Academy of Medical Sciences,
Kashivskoye shosse 6, Moscow 115 478 (USSR), 8 October 1976

Summary. Using the modified technique of transplantation test, ITR serum activity was found in most (14 out of 21)
individual hamster sera obtained during the latent period of primary SV40 carcinogenesis (60 days after virus infection
when newborn). On the other hand, as a rule, no ITR activity was observed in the sera of the same hamsters after
tumor appearance and during their growth. ITR activity rapidly disappeared from sera of hamsters neonatally in-
fected with SV40 after their successful immunization with the same virus during the latent period. There appears
to be a correlation between the presence of ITR serum factor during the latent period and the subsequent primary

SV40 tumor appearance in hamsters.

The factor(s) blocking lymphocytes cytotoxic activity
in sera of individuals bearing primary and transplantable
tumors have been demonstrated mainly with in vitro
assays1-8. The interest of these factors, however, is
connected with their supposed and unfavourable role
for the organism in vivo. The studies of the role of humoral
factors, and especially blocking serum activity in vitro
and in vivo in hamsters bearing SV40° induced tumors,
are scanty and contradictory1%-15, Therefore, the present
in vivo studies were carried out in order to investigate
possible influence on tumor cells of the sera samples
obtained from individual Syrian hamsters during dif-
ferent periods of primary SV40-induced carcinogenesis.
For this purpose, the sera samples, as well as control
NHS, were used for the pretreatment of SV40 test-tumor
cells in vitro and subsequent challenge of such pretreated
cells in immune (SV40 virus-inoculated) and normal
adult hamsters.

Materials and methods. Syrian hamsters of both sexes
were used. Their origin has been described 1. SV40 virus,
strain No. 128, with a titer of 107-4-107.5 TCID,/1.0 ml,
was used for infection of newborn hamsters and for
immunization of adult animals. Newborn hamsters not
older than 18 h were infected S.C. with 0.2 ml of the
undiluted SV40 virus. Some of the animals neonatally

infected with SV40 were immunized by reinfection with
the same virus (in a volume of 0.5 ml) i.p. during the
latent period (60 days after birth). Such immunization
can effectively prevent tumor appearance in hamsters
inoculated by SV4017-20, As transplantable test-tumor
throughout these studies hamsters SV40-induced sarcoma
was used. From this tumor, an in vitro tissue culture
cell line designated as E-1 was established. The origin
and tumorigenicity of the E-1 cell line have been re-
ported?8: 21, In these studies E-1 cells from the 6th to
the 100th in vitro passages were used. Sera from each
hamster neonatally infected with SV40 were obtained
repeatedly at the different stages of primary SV40
carcinogenesis. Control sera were obtained from un-
treated hamsters of the same age. All sera were prepared
by the retroorbital sinus or cardiac puncture, heat-
inactivated at 56°C for 30 min and stored at —-20°C
until use. For pretreatment of the E-1 test-tumor cells
with hamster sera in vitro 0.05 ml of undiluted serum
was added to the known number of serially 10-fold-
diluted E-1 cells. The mixtures of the E-1 cells pretreated
either with sera tested or with NHS were Incubated at
37°C for 45 min and challenged both in 4-5 immunized
and 4-5 normal adult hamsters s.c. Modified technique
of transplantation test was used. Details of the technique
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Table 1. Characteristics of Syrian hamsters studied
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Animals Neonatally Immunized Tumor incidencee Mean duration
group infected with SV40 during of the latent

with SvV402 the latent period® Total % period {days 4+ SD)
1 No No 0/25 0
2 Yes No 25/50 50 185 + 68
3 Yes Yes 3234 13 316 4+ 199«

w0 See text. © Number of hamsters developing tumors/No. of hamsters infected. 4 The frequency of tumor incidence of group 3 was signifi-
cantly lower than those of non-immunized of group 2 by y2-test (p < 0.01). ¢ Mean tumor latent period of group 3 was significantly longer

than that of group 2 by Student’s t-test (p << 0.01).

used have been given previously!®:2., The method of
Reed and Muench?? wat used to calculate the logarithm
of TrDg, in immune and normal animals. In all experi-
ments, a RI was calculated. Serum tested was evaluated
as possessing ITR activity if it significantly reduced the
log TrD;, of pretreated test-tumor cells in immune
animals (as compared to control ones). In this case,
the decrease of RI was considered as connected pre-
dominantly with the protection of test-tumor cells by
serum factor in immune animals. However, the same
decrease of RI could be observed in some cases connected
with increase of the log TrD;, of serum pretreated E-1
cells in normal hamster. In the latter case, serum activity
was considered as toxic and possibly non-specific.
Results and discussion. Characteristics of Syrian hamsters
used as a source of sera tested are described in table, 1.
Group 1 received no freatment and served as controls.
2 independent series of experiments were carried out.
1st series. The effect of hamster sera on transplantation
resistance was studied. Individual sera from 24 hamsters
neonatally infected with SV40 were tested. In 12 of
these hamsters, tumors appeared (group 2A) and sera
from the animals were obtained at the latent period
(60 days after birth), after its termination on the day
of the primary tumors appearance, and later twice on
19-36th and 45-537th day of progressive tumor growth.
Sera from other 12 SV40-infected hamsters in which
no tumor developed (group 2B) were obtained on day
60 after infection with SV40.

The results summarized in table 2 show that 7 out of
12 sera obtained during the latent period from hamsters
of group 2A were capable of protecting test-tumor cells
in immune hamsters (p < 0.01), in contrast to NHS
or sera from the animals of group 2B. As a rule, no
significant ITR activity in the sera of the same hamsters
after tumor appearance and during their growth was
observed. Only 2 out of 35 (6%,) serum samples tested
after tumor appearance inhibited transplantation re-
sistance after pretreatment of the E-1 cells. In both
cases, the sera were obtained from hamsters in which
earlier (during the latent period) ITR serum activity
was also present.

2nd series. The effect of the immunization with SV40
during the latent period on the frequency of tumor
appearance and possibility of detection of ITR serum
factor was studied. Some of the neonatally SV40-in-
fected hamsters were repeatedly inoculated with the
same virus 60 days later. The immunization was suc-
cessful and prevented tumor growth in most hamsters
infected with SV40 when newborn. The frequency of
tumor appearance in immunized animals (group 3) was
significantly lower than those of non-immunized group 2
(p < 0.01). Furthermore, the immunization led to a
significant prologation of the mean tumor latent period
of group 3 (table 1).

Individual sera from 9 hamsters neonatally infected
with SV40 and immunized during the latent period

were tested for their capacity to inhibit transplantation
resistance. Sera from 6 of these animals in which no
tumor developed (group 3A) were obtained twice during
the latent period: before the reinfection with SV40 (60
days after birth), and 21 days after this immunizing
procedure (81 days after birth). In those 3 animals in
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which such immunization was unsuccessful and tumors
appeared (group 3), sera were obtained at the day of
primary tumor appearence and later on day 18-20 and
48 of progressive tumor growth.

5 out of 6 sera obtained from hamsters of group 3A and
2 out of 3 sera from group 3B exhibited ITR activity
before the immunization (p < 0.5 and p < 0.01, respec-
tively). The immunization resulted in a rapid disappear-
ance of ITR serum activity from the animals of group
3A. However, sera obtained from 3 hamsters of group
3B during the latent period 3 weeks after the immuniza-
tion possessed ITR activity. Only 6 serum samples
obtained from these animals after tumor appearance
were available. One of these samples possessed ITR
activity (To), and some were found to be cytotoxic.
None of the control NHS tested in both series of ex-
periments had detectable ITR activity (table 2).

The results indicate that ITR serum factor is present
in most (14 out of 21; 679,) individual hamster sera
obtained during the latent period of the primary SV40
carcinogenesis, whereas no such activity, as a rule,
could be detected in the animals after tumor appearance
and during their growth. The correlation between the
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presence of ITR serum factor in hamsters during the
latent period of SV40-induced carcinogenesis and the
subsequent primary tumor appearance may be suggested,
since: a) ITR factor was found in most animals at an
early stages of tumor development; b) no ITR activity
appeared in animals in which no tumor developed, and
c¢) the factor disappeared or was retained in the animals,
depending on the effectiveness of prophylactic immu-
nization against tumor with SV40 (table 3).

It seems to indicate that ITR serum factor found to be
present in hamsters during the primary SV40-induced
carcinogenesis observed in our in vivo studies differs
from serum lymphocyte blocking factor revealed by
others with in vitro assays not only by its dynamics,
but also by its nature. It is unclear whether there is
any connection between cytostatic (C) antibodies de-
scribed by Ambrose and Co-workers?® in 3-week-old
hamsters SV40 virus infected when newborn, and ITR
serum factor observed in hamsters during the latent

23 K. R. Ambrose, N. G. Anderson and J. H. Coggin, Jr, Nature,
Lond. 233, 321 (1971).

Table 2. Effect of hamster sera obtained at different stages of primary SV40 viral carcinogenesis on SV40 virus-induced transplantation

resistance
Animal Tumor Sera used Results of transplantation tests with pretreated E-1 test-tumor Frequency
group incidence for tumor cells cells® of sera with
in sera pretreatment log TrDy, in ITR activitye
donors® in vitro Immune® Normal log RI4
hamsters hamsters
1st series
1 0/12 NHS (control) 3.9 + 1.06 2.5 4 1.09 1.4 4+ 0.27 (12) 0/12
2A 12/12 Lgo 2.9 -+ 0.481¢ 2.2 4 0.50 0.7 4 0.451 (5) 7/12
T, 3.4 4 0.37 1.8 £ 0.25¢ 1.6 + 0.41 (5) 1/12
Tio—s6 3.3 4 0.37 1.9 4 0.61 1.4 £+ 0.45 4) 0/11
Tys—s7 3.9 + 1.00 2.7 4+ 1.13 1.2 4 0.47 (8) 1/12
1 0/2 NHS (control) 4.0 + 0.07 2.8 4 0.00 1.2 4+ 0.07 (2) 0/2
2B 0/12 Lgo 4.1 4 0.13 3.0 4+ 0.21 1.1 4 0.18 (2) 0/12
2nd series
1 0/4 NHS (control) 3.5 4 0.34 2.1 4 0.15 1.4 4 0.22 (4) 0/4
3A® 0/6 Lgo 2.7 4- 0.52¢# 1.9 4+ 0.21 0.8 4- 0.33n (2) 5/6
Lt 3.4 4 0.52 224071 1.2 + 0.36 (3) 0/6
1 0/7 NHS (control) 3.6 4+ 0.29 2.1 4 0.17 1.5 4+ 0.33 (7) 0/7
3B? 3/3 Lgo 2.9 4+ 0.10¢ 1.7 4+ 0.45 1.2 4+ 0.35 (3) 2/3
Lg 3.0 4 0.44¢ 2.6 + 0.401 0.4 + 0.213 (3) 3/3
T, 3.2 4+ 0.53 2.0 + 0.26 1.2 4 0.76 (3) 13
Tig-20 3.6 4 0.21 2.7 4 0.07¢ 0.9 + 0.28 (2) 0/2
Tys 4.4 3.7 0.7 (1) 0/1

* Number of hamsters developing tumors/No. of hamsters tested. ® Results are presented as mean + SD. The significance was determined
with Student’s t-test. Mean 4- SD was calculated on total number of specimens of hamster sera for each category represented. Number in
parentheses indicates the number of independent experiments. ¢ Inoculated with SV40 virus 5-23 days before challenge. ¢ RI, the ratio of
TrD;, (the logarithm of the cell dose causing growth of transplanted tumors in 509, of the challenged animals) in resistant (immune) animals
to TrD;, in normal ones. ¢ Number of hamsters sera possessing ITR activity/No. of individual sera tested. f Immunized with SV40 during
the latent period (60 days after birth). ¢ p < 0.05; » p < 0.02; ! p < 0.01; #p < 0.001. Values without marks indicate no significant
difference vs controls (p > 0.05).

Table 3. Correlation of ITR serum activity with primary SV40 tumors appearance in hamsters

Animal Immunization with Tumor Frequency of sera with ITR activity during different stages of SV40
group S5V40 during the appearance carcinogenesis
latent period
(60 days after birth) Lgo La T, Tig—38 Ty5-57
2A No Yes 712 (58%) NT= 1/12 (8%) 0/11 1/12 (8%)
2B No No 0/12 NT=
3A Yes No 5/6 (83%) 0/6
3B Yes Yes 23 (67%) 3/3 (100%) 1/3 (33%) 0/2 0/1

s Not tested.
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period of SV40 carcinogenesis in our experiments. The
role of ITR serum factor in vivo is still unknown. The
appearance of ITR factor in sera of hamsters neonatally
infected with SV40 may possibly reflect the process of
primary carcinogenesis and may be favourable for tumor
development. The specificity and nature of ITR serum

Specialia

EXPERIENTIA 34/1

factor remains to be examined. Apparantly, detection
of ITR humoral factor at an early stage of carcinogenesis
may provide a useful tool not only for a better under-
standing of the immunological aspects in viral-induced
tumorigenesis, but also it may be of diagnostic and
prognostic value.

On the turnover of exogenous ferritin in the cephalopod optic gland. A microprobe study?
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Summary. X-ray energy emission spectra of iron show that horse spleen ferritin, after injection into the blood of the
octopus, is taken up, accumulated and disposed of again by lysosomes of the optic gland.

Electron microscopic evidence has been produced for the
uptake of ferritin by the stellate (or main or chief) cells of
the cephalopod optic gland 3, a presumed endocrine organ®.
In the present note, we demonstrate by the use of energy
dispersive X-ray analysis, that exogenous ferritin is ac-
cumulated transiently in lysosomes of the stellate cells
with respect to its concentration in the blood.

8 octopuses (Octopus vulgaris), anaesthetized with 29,
ethanol in seawater, were injected into the aorta with

1 g/kg of horse spleen ferritin (Fluka, twice cristallized,
cadmium-free) and killed at intervals of 15 min, 1 h, 4 h

-and 24 h. The optic glands, pin head-sized organs, sit-

uated upon the optic tracts, were fixed in 29, osmic acid
(in a cacodylate-buffered Ringer of 1180 mosm) and pro-
cessed for conventional electron microscopy. Unstained
sections of approximately 1000 A thickness, mounted
upon plastic grids, were examined in a LINK EDX 290
microprobe analyser, attached to a Zeiss EM 10.

Fig. 1. Survey electron micro-
graph of an optic gland capillary
of an octopus, injected with 1
g/kg of ferritin 1 h before fixation.
This protein is taken up and dis-
posed of again by the sort of
lysosomes (ly) which are shown
in the adjacent stellate cells.
X 5460.

Fig. 2. Electron micrographs of (a)
a blood vessel and (b} an optic
gland lysosome, taken during the
X-ray analysis. The blood vessel
was fixed 1 h and the lysosome
4 h after the injection of ferritin,
The ferritin molecules' form a
mixed crystal with the hemo-
cyanin molecules in the blood of
the octopus. In both micrographs,
the diameter of the beam is 0.7 ym.



