Aging Increases Susceptibility of Mouse Skin to DMBA
Carcinogenesis Independent of General Immune Status

Abstract. The dependence of chemical carcinogenesis on age of target tissue
was studied by repeated DMBA-treatment of mouse skin grafted from old and
young syngeneic donors to young recipients. Carcinomas developed on 39 percent
(16/41) of grafts from old donors and on 12 percent (5/41) of grafts from
young donors. The incidence of nonskin lymphoid tumors was highest in male
recipients bearing grafts from old donors.

A single application of dimethylbenz-
[a]anthracene (DMBA) caused a higher
incidence of benign papillomas on skin
grafts from old donors than on grafts
from young donors (). After the papil-
lomas regressed, we studied the develop-
ment of skin carcinoma following re-
peated application of DMBA.

Inbred BALB/c mice (2 months old)
were given syngeneic skin grafts from
old and young donors, 14 and 2 months
old, respectively. Then DMBA was ap-
plied on the grafted skin, with 25 pg in
20 ul of acetone once 12 months after
grafting and three times 17 months
after grafting (Fig. 1). All animals were
observed 7 days a week and killed when
they became ill. Tumor, lung, liver,
spleen, kidney, mesenteric and periph-
eral lymph nodes, thymus, and thy-
roid were taken for microscopy. Minced
tissue (0.5 ml) from skin carcinomas
and papillomas was transplanted intra-
peritoneally into adult BALB/c mice,
each tumor mince being transferred to
three recipients.

One application of DMBA resulted in
the development of carcinomas on 4
out of 52 skin grafts from old donors
and on 1 out of 49 skin grafts from
young donors, whereas the number of
papillomas was 30 and 12 respectively,
as reported previously (/). Three ap-
plications of DMBA after regression of

nearly all papillomas 5 months later

boosted the number of carcinomas on
the surviving 41 recipients of old skin
grafts to 16, and the number on the 41
surviving recipients of younger skin
grafts to 5 (< P <.001, chi square).
After this final treatment both groups
now had 12 mice with papilloma, but
without carcinomas (Fig. 1). Intraperi-
toneal grafting of minced tissue from
five skin carcinomas resulted in takes
within 2 months in all cases, whereas
no tumors were found after 6 months in
mice having received tissue from five
papillomas.

Male mice treated with DMBA and
bearing grafts from old donors had
more lymphoid tumors (0.1 < P < .02)
than DMBA-treated male mice bearing

18 JANUARY 1974

grafts from young donors (Table 1).
No such difference was found with the
females. Twenty tumors were type B
reticulosarcomas, and the remaining ten
were lymphatic leukemias.

Skin grafts from old and young
donor mice were of equal size at the
conclusion of the experiment.

The importance of immunodeficiency
for the effect of many carcinogens has
been amply demonstrated. Co-occur-
rence of decreased immune reactivity
and high incidence of tumors in old ani-

mals (2) suggests that deterioration of
the general immune status is important
for the increasing risk of developing
spontaneous neoplasms with increasing
age. However, abrogation of spontane-
ous tumor development in old animals
by administration of immune competent
cells from young donors has not met
with success so far (3). Age-dependent
change in hormonal status has also been
suggested as being of general importance
for neoplasia development in old ani-
mals (4).

Age-related change in each target
cell, independent of the general immune
and hormonal status, might also result
in an increased susceptibility to exog-
enous carcinogens in organs, like skin,
where cells are continually being re-
placed and thereby probably freed of
most cells with mutational defects (5).
This view was supported by the finding
of a significantly increased incidence of
“spontaneous” lymphoid tumors in syn-

Table 1. Survival time and incidence of nonskin lymphoid tumors in BALB/c mice bearing
syngeneic DMBA-painted skin grafts. The mice that died before 14 months of age, when

DMBA painting was done, are not included

. T Survival time Lymphoid
Source o reat- _—_— neoplasms
skin graft ment Sex No Mean Range -
(months) (months) No.  Percent
Old donors DMBA F 28 20 (14-23) 8 29
M 24 19 (14-23) 8 32
Young donors DMBA F 34 21 (14-24) i 21
M 15 18 (14-21) 0 0
Old and young donors Acetone F 30 22 (14-25) 4 15
M 15 19 (14-23) 1 7
30 +~ @——— 0€ = CARCINOMAS ON GRAFTS FROM OLD DONORS -
e——0 (= YOUNG
161+ &----- ® (P = PAPILLOMAS - oL
o ----@ P= YOUNG
@12 E— —
=
E
=
&
x5
=
4
1
T T T 7] 3‘ 3]6 Z‘
12 1% 26 2829
! \ R \
ggz’}gkgrw %gaggngrw ALL SKINTRANSPLANTATIONS  DMBA DMBA %ER%‘L“B‘F?H&
OLD SKIN YOUNG SKIN 2:05243w ?,r,;"f"‘m’ RECIPIENT
YOUNG AND 41 YOUNG
BIRTH OF ALL GRAFTS GRAFTS
RECIPIENTS MONTHS

Fig. 1. Carcinomas and papillomas on skin transferred from old or young BALB/c

mice to young syngeneic recipients.

217



geneic mouse recipients of lymphoid
cells from old donors, whereas grafting
of cells from young donors had no
effect (6).

This work demonstrated that also de-
velopment of carcinoma as a result of
DMBA treatment occurs with a higher
incidence on skin from old as com-
pared to young donors. In that three ap-
plications were made only 14 days
apart, an influence of hair-cycle (7) on
tumor development appears unlikely. In
the above experiments, age-dependent
alterations in general immune reactivity
and hormone secretion can also be dis-
regarded as contributing factors because
the recipient mice of the various test
groups were of the same age. An
age-dependent alteration of graft per-
meability to cellular and hormonal host
factors that could influence skin carcino-
genesis is conceivable. It seems more
likely, however, that skin cells them-
selves become more susceptible to car-
cinogen with increasing age. Tumors
other than skin tumors were most nu-
merous in mice bearing skin grafts from

old donors. This can hardly be a reflec-

tion of a different concentration of

DMBA in the bodies of the mice, since

old skin is believed to retain the same

or more DMBA than young skin (8).
P. EBBESEN

Institute of Medical Microbiology,

22 Juliane Maries Vej,

DK-2]00 Copenhagen, Denmark

References and Notes

1. P. Ebbesen, Nature (Lond.) 241, 240 (1973).

2. M. G. Hanna, J. Natl. Cancer Inst. 46, 809
(1971); M. N. Teller and E. Marion, ibid. 39,
231 (1967).

3. D. Metcalf, Nature (Lond.) 208, 87 (1965);

P. Ebbesen and M. J. Doenhoff, Proc. Soc.

Exp. Biol. Med. 138, 850 (1971).

V. M. Dilman, Lancet 1971-I, 1211 (1971).

J. F. Danielli, in Experimentelle Altersfor-

schung, F. Verzar, Ed, [Experientia (Suppl. 4)

(1956)1.

P. Ebbesen, J. Natl. Cancer Inst. 47, 1241

(1971).

E. Andreasen and J. Engelbreth-Holm, Acta

Pathol. Microbiol. Scand. 32, 165 (1953).

1. Berenblum, N. Haran-Ghera, N, Trainin,

Br. J. Cancer 12, 23 (1958).

. Aided in part by grants from the Danish Medi-
cal Research Council, the Danish Fund for the
Advancement of Medical Science, the Danish
Cancer Society, the P. Carl Petersens Fond,
and Anders Hasselbalchs Fond til Leukaemiens
Bekaempelse.

May 1973: revised 10 September 1973 ™

o

© ® N @

~

Thymus Adenylate Cyclase Activity during Murine

Leukemogenesis

Abstract. Activity of thymus adenylate cyclase was more than three times
higher in leukemic AKR mice than in nonleukemic AKR mice and CBA mice.
Preleukemic AKR mice that had no evidence of leukemia but were expected
to soon develop the disease exhibited similarly elevated activities of thymus

adenylate cyclase.

The postulate that adenosine 3,’5'-
monophosphate (cyclic AMP) plays a
role in the initiation of events leading
to proliferation of lymphoid cells has
been supported by observations that
cyclic AMP increases (i) thymidine
uptake by the nucleic acid fractions of
spleen cells and thymocytes; (ii) uri-
dine incorporation into RNA of periph-
eral lymphocytes; (iii) cell division of

thymocytes in calcium deficient me-
dium; and (iv) the number of anti-
body-forming cells after immunization
(1). Smith et al. (2) reported that
phytohemagglutinin, which stimulates
the proliferation of lymphocytes, elevates
intracellular concentrations of cyclic
AMP and increases the activity of
lymphocyte adenylate cyclase. Agents
that have adjuvant effects on antibody

formation also stimulate adenylate cy-
clase activity of spleen cells (3). Im-
munodeficient pituitary dwarf mice,
with decreased thymic lymphopoiesis
and inefficient splenic proliferative re-
sponse to antigen, exhibit a defective
lymphocyte adenylate cyclase that does
not respond to epinephrine-induced
stimulation (4).

In view of the role of cyclic AMP
in lymphoid cell proliferation, the ques-
tion was raised whether changes in
cyclic AMP metabolism of thymic lym-
phocytes occurred during the develop-
ment of leukemia in AKR mice. AKR
mice have a high incidence of lym-
phoid leukemia that primarily affects
the thymus and frequently involves
other lymphoid tissues (5). The causa-
tive agent is a vertically transmitted
oncogenic virus (Gross virus) (6) that
apparently finds a suitable microen-
vironment in the AKR thymus for the
induction of neoplastic transformation
of lymphoid cells (7). This report de-
scribes our studies on adenylate cyclase
of thymus cells during the development
of leukemia in AKR mice.

Determination of adenylate cyclase
activity in the 10,000g sediment frac-
tion of thymus cell sonicates was per-
formed with a modification (8) of the
method of White and Zenser (9) and
was based on the conversion of adeno-
sine [«-32PJtriphosphate ([«-32P]ATP)
into cyclic [*2PJAMP. The 0.1-ml assay
mixture contained 1 mM [«-32PJATP (2
to 3 X 108 count/min), 5 mM MgCl,,
50 mM tris (hydroxymethyl) aminometh-
ane (tris) HCI (pH 7.6), 0.1 mM cyclic
[BH]JAMP (2 X 10* count/min), 10 mM
theophylline, an ATP generating sys-
tem consisting of 30 mM creatine phos-
phate and 30 ug of creatine kinase,
and 25 pl of the 10,000g sediment of
thymus tissue sonicate. Assays were
performed at 30°C for 1 to 2 hours,
and radioactive cyclic AMP was re-
covered through chromatography on
alumina columns as described (8). One

Table 1. Adenylate cyclase activity of thymus cells from AKR mice during stages of leukemia development and from normal CBA mice.
Values are geometric means = standard error.

Protein in

Enzyme per

Increase
Experi- Age (days) Cells per lp,OOOg gram qf Enzyme per of activity
sediment of protein in 'y . s
Group ments thymus nicate of 10™ 10.000 10" cells with 10-°M
(No.) M R (10® cells) some c:llcs) se d,imegt (units) epinephrine
ean ange . %
(g) (units) (%)
Nonleukemic AKR 10 66 21-162 23+03 0.58 = 0.04 26+ 4 15+ 2 275 =27
Preleukemic AKR 10 - 231 200-268 1.1x0.1 0.62 = 0.08 80 =22 55 + 18 190 =20
Leukemic AKR 5 224 200-252 6.1+14 1.13 £ 0.17 88 = 16 99 +23 100 = 10
Young CBA 5 114 75-150 1.3 +0.1 0.49 = 0.03 11+ 2 S5+ 1 270 =33
Old CBA 3 241 228-253 0.6 0.1 0.45 = 0.05 11+ 1 5+ 1 110 =20
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