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The time of tumor cell division and death
depends on the site of growth
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Abstract. We show here, for the first time, in two very
different murine twmors, a mammary one (ectoderm) and a
lung one (endoderm), that: umors have day/night differences
of spontanecus apoptosis additional to the well-known
circadian rhythm of mitosis. The times of maximal and
minimal mitosis and apoptosis changed for a wmor cell line
when growing in different organs (as metastasis) or anatomical
sites. Both umor lines. have identical circadian curves when
growing in a specific organ or anatomical site. The peaks of
apoptosis match with the valleys of miosis and vice versa.

Introduction

It is well-known that. in mammals. the day/night rhythm
influences the activity of most physiological systems, such as
immune, reproductive, gastrointestinal, cardiovascular,
endocring, nervous and other systems (1-3). Furthermore, it
was demonstrated that cell division octurs in different organs
preferentially at different hours of the day; i.e., there is a
peak of mitotic figures at noon in murine liver, at 03:00 2.m.
in human gastric mucosa, at midnight in human bone marrow
and skin (4-6).

Primary human and murine tumors also show a circadian
rhythm for mitosis. being the time of the maximal
proliferative activity different according to the type of tumor
(4.7.8). Thus, the peak of mitotic figures in a murine gastric
CATCET IS At AoON, In some murine sarcomas at 01:00 a.m., in
human mammary adenocarcinoma in the early afternoon, in
human uterine cervix and in human skin tumors around
midnight (4.
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These differences are the bases of Chronopharmacology
in Oncology, i.e. the increase in the doses of drugs during the
time of the day when they are more useful because more
tumor cells are in the phase of the cell eycle that this drug
works, while less of normal cells (from bone marrow, gut,
skin, etc.) are in the same phase, thus increasing effecuvity
and decreasing toxicity (9,10},

In a tumor, many cells proliferate while at the same fime
some cells die either by necrosis or apoptosis. As a result of a
balance of these processes the tumor mass may increase,
decrease or remain stable (11).

We tried 10 answer the questions: i) Does wmor cell death
present circadian variations in the manner of tumor cell
division? ii) Does a tumor cell line maintain its circadian
rhythms when growing in different organs or anatomical
sites?

Materials and methods

Tumors. PO7 is a poorly differentiated and highly metastatic
lung adenocarcinoma. M3 is a semidifferentiated moderately
melastatic mammary adenocarcinoma. Both tumors arose
spontaneously in female Balbvc mice from our colony and are
maintained by subcutaneous transplants in female Balbic
mice. Both tumors grow with the same behaviour in males
than in females.

Mice. Three-month old brother/sister mated syngeneic male
Balb/c mice from our animal facility were inoculated
subcutaneously with tumors with the aid of trocars,

In some groups of mice. a small wmor piece was inoculated
into spleen with & than wrocar, or deposited into the peritoneal
cavity, in a surgical procedure, opening the abdominal wall,
under Embutal anesthesia,

Animals care was provided according to the specific
international laws and in full compliance with regulations
far protection of animals,

Time of sacrifice. Sacrifice was done at 6:00 a.m., 12:00 h
(noon), 6:00 p.m. or 24:00 h (midnight). Light on at 7:00
am. and off at 7:00 p.m.

Mice were sacrificed between 17 and 25 days after
transplant, depending on the site of growth and the tumor,
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Figare 1. Circadian rhythm of maosis (A) and apoptosis (B) in PO7 tumors
growing subcutaneously. 1, day (noon); m, night (midnight). The mean of
the 200 fields from a mor became 1 data, then each mouse brings 1 datum
frem mitosis and 1 from apoptosis, The 5.0, of each slide were always onder
the 15% of the mean. Day vs. night were always (=<0.001 (Student's t-test)
(n=5-20).
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when they were in Lhe exponential phase of growth, and large
enough to obtain wmor tissue for microscopic analysis,

Histological analysis. For the morphological quantification
of mitosis and apoptosis, umor tissues were fixed in 4%
buffered formaline and paraffin embedded, and 5 pm thick
slides were stained with hematoxilin and eosine. Twenty fields
of 500X from each slide were analyzed using a Carl Zeiss IIT
microscope, and the number of mitosis and apoptosis per field
were recorded.

The crileria used in identifying morphologically early
apoptosis were: tumor cells isolated from its neighbors, with
shrinkage and margination and ¢lumping of nuclear chromatin
(12). Only the very typical apoptotic figures were recorded.

Day/night differences in the number of apoptotic cells
were confirmed with the TUNEL technique {Apoptag Plus,
Oncor [nc., MID).

Results

The first question we asked was: Does tumor cell death
present circadian variations in the manner of tumor cell
division?

Potten has reported previous[ly that there is a slight circadian
oscillation in the number of spontaneous apoptotic figures in
normal murine small intestne (13). We studied the number
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Figure 1. Tissue dependent cireadian variations of c2ll division (A and C) and sponianecus apoplosis (B and [3). 2, day (noon); w, might (midnight). A and B,
POT wmor; C and D, M3 wmor. Liver metastasis (LV) and tumars in spleen (SP) came from the same mice. Each mouse brings one datum for mitosis and
one for apoplosis when growing subcutancously (SC) or in peritoneal cavity (IF), but two (spleen and liver) when transplanted into the spleen. Data recording

as in Fig. 1. Day vs. night were always p<0.001 {Siudent's t-testh (n=5-20)
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of sponianeous apoptosis in the murine lung tumor POT (14)
growing subcutaneously in syngencic Balbfc male mice that
were sacrificed at 4 different times of the day (6:00 a.m.,
noon, 6:00 p.m. and midnight). Tumors were fixed and
processed for histological examination. Typical apoptosis
and mitosis were recorded. Values of mitotic and apoptotic
figures at noon and midnight are shown in Fig. 1.
Intermediate values were foend at 6:00 a.m. and 6:00 p.m.
(data not shown). We demonstrate for the first time that there
is a circadian oscillation in the number of spontaneous
apoplotic figures in a wmor. It is noeworthy that there was
an inverse circadian rhythm between mitosis and apoptosis.

The second guestion we asked was: Do PO7 wmor cells
maintain their circadian rhythms of division and death when
they are growing in other anatomical sites or organs?

It is known that most hormones have circadian fluctuations
in their blood levels. If the circadian rhythms of division and
death depend on the level of certain systemic hormones, the
same twmor line would divide or die a1 the same time of the
day in any site of the body it was growing, because all
critical factors would reach, with the blood, all sites of the
body at the same time and at the same concentration levels. It
could also be considered that this rhythm could be modified
or driven by the extracellular matriz (ECM) or by growth
factors (GF) released by normal €ells of the site where the
tumor cells grow. Thus, to elucidate the participation of the
microenvironment, we inoculated POT wmor cells into the
spleen or the peritoneal cavity of mice. When tumors in
exponential phase of growth reached & critical mass in spleen,
liver (as metastasis derived from the spleen) or peritoneum (as
solid masses attached to the mesentarium), mice were
sacrificed at the same four times of the day and tumors
processed as described for tumors growing subcutaneously.
Results are shown in Fig. 2A and-B. We only show noon
and midnight data because all the highest and lowest values
were at these times in all sites, while the ones on 6:00 a.m.
and 6:00 p.m. had intermediate values. From the data shown
in Fig. 2A and B, it is clear that the time of maximal and
minimal mitosis and apoptosis for the same wmor ling 18
completely different when cells grow in different anatomical
sites. These results show that the time of the day at what
wmor cells divide or die, would depend not only on the
origin of the wmor, as it was accepted until now, but also on
the organ or anatomical site where wmor cells grow. It is
also noteworthy that we always found an inverse relationship
between the number of cells in mitosis and in apopiosis, at the
different times of the day and in the ditferent anatomical sites.
This local independence of the rhythm also occurred in mice
with cells growing in the spleen and the liver simultanecusly.

In order to evaluate whether these findings could be
extended to tumor cells of different origin, we studied a very
different tumor, murine mammary adenocarcinoma M3
arowing at the same four sites. While PO7 is from lung
(endoderm), M3 15 from mammary gland (ectoderm). As
we can see in Fig. 2C and D, M3 ualso presented day/night
significant differences in mitosis and apoptosis, and the
circadian rhythms were identical to the ones seen with PO7
in the four sites studied.
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Discussion

We show here that: 1) Tumors have day/night variations of
spontaneous apoplosis. i) The times of maximal and minimal
mitosis and/or apoptosis change for a tumor cell line when
growing in different organs (a5 melastasis) or anatomical
sites. iii) The time of maximal mitosis was always 12 h apart
of the time of maximal apoptosis. in any site, in the two very
different tumor lines we used. iv) Both tumor lines, a
mammary one (M3) and a lung one (PO7) have identical
circadian curves in mitosis and in apoptosis when growing in
a specific organ or anatomical site.

Do these data suggest that independently of the origin,
tumor cells would divide and die according to the circadian
rhythm imposed by the anatomical site where they grow?
Experiments using other wumor types would be necessary 1o
answer this question. However, in mice with tumors growing
in the four sites simultaneously. each site maintained their
respective rhythms (data not shown). This means that
metastatic cells would divide and die at different times of the
day than primary wumor cells.

Moreover, similar results were obtained when we used F-1
{Balbfc x CBA/CAD or F-1 (Balbfe « C57Black/6) instead of
Balb/c mice (data not shown).

We do not know whegher these local cireadian rhythm are
consequences of: i) Changes in the release or activation of
the same or different local growth or pro-apoptotic factors. i)
Changes in the sensitivity of tumor cells to certain factors.
iii) Changes in the tumor blood flows (15,16). iv) Different
wmaor cell subpepulations.

In order to explain the extremely opposne rhythm betwesn
mitosis and apoptosis in all sites we cannot discard the
possibility that in the wave of cycling cells there is around
twelve hours difference between the time to arrive to mitosis
and the time to armmive to the execution phase of apoptosis
from the check-point where the destiny of the cells is decided.

Further, we cannot discard the theoretical possibility that
there were a circadian variation in the duration of the part of
the ‘execution’ phase (17) where most techniques dentify
cells as apopiotic ones, thus producing, ender the
microscope, an artifactual increasc in the number of them.
We found similar day/night differences when using the
TUNEL technique (data not shown ).

These results could be useful to: i) Chronopharma-
cologists, who with these results in mind, should pay
attention, not only to the type of wmor (as done unal now),
but also where the primary tumor or melastasis are growing,
because the times of the day for maximal and minimal
sensitivity to some chemotherapeutical drugs of a primary
turnor could differ greatly from those of metastasis growing
in different organs. ii) The discovery of new growth and/or
pro-apoptotic factors could be improved if researchers take
advantage of the fact that some of these factors would
increase and decrease differentially at different times of the
day, depending on the anatomical site. Moreover, we must
remember that most research in the field of growth and pro-
apoptotic factors is done between %:00 a.m. and G:00 p.m. At
these time points several of them could be in very low levels
to be discovered. iii) Tumor metastasis growth is the
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consequence of the
of new tumor cell

Positive balance between the generation
by mitosis and the tumor cell death by

APOPLOSIs Or necrosis, and Organ microenvironment is able 1o

modify several
could be
Organ microenvironment in such
environment could be

metastatic wmor cell functions (18-20), thus it
important to study with the goal of modulating the
4 way that the organ
changed to the conditions observed at

the time of the day when less tumor cells divide and maore

tumor cells die, resulling in a more

effective control of

metastasis growth and improvement of patient's survival,

Acknowledgements

This research was supported partially

by Fundacion

Antorchas. We appreciate corrections and suggestions made
by Drs M.C. Lopez, E. Bal de Kier Joffe and S.I. Vanzulli.

References

L.
2

- Han HW, Shao DL,

Scheving LE, Tsai TH and Scheving La: Chronobiology of the
intestinal tract of the mouse, Am J Anat 168: 413-465, 1983,
Lissono P, Rovelli F, Brivio F, Brivio O and Fumagalli L.
Circadian secretions of 11.-2, IL-12, 116 and IL-10 in relation
10 the light/dark rhythm of the pineal hormone melatonin in
healthy humans. Nat Immun 16: 1-5, 1993,

Wu JY, Comelissen G and Halberg F:
Chronobiologic approach to beat variations of cultured murine
myocardial calls. Cell Biophys 18; 217-229, 1991,

Focan C: Marker rhythms for cancer chronotherapy, From
laboratory animals to human beings. In Vivo 9: 283-208. 1995

- Mauer AM: Diurnal variation of proliferative activity in the

human bone marrow. Bland 26: 1-7, 1965

- Buchi KN, Moore 16, Hrushesky WJ, Sothern RE and Rubin NH;

Circadian rhythm of cellular proliferation in the human rectal
mucosa. Gastroenterology 101; 410-41%, 1991,

7.

16.

17
18.

20.

- Hrushesky WIM:

. Bjarnason GA: Clinical chronotolerance

. Raif MC: Social control on cell

COLOMBO eval: CIRCADIAN MITOSIS AND APOFTOSS

Nash RE and Echave Llanos JM: Twenty-four hour variations in
DNA synthesis of a Fast-growing and a slow-growing hepatoma:
DNA synthesis rhythm in hepatoma. J Nail Cancer Inst 47:
1007-1012, 1971.

- Klevecz RR, Shymko RM, Blumenfeld D and Braly PS:

Circadian gating of § phase in human ovarian cancer. Cancer
Res 47: 6267-6271, 1987,

Circadian anticancer treatmen; In Vivo 9;
315-322, 1995,

to anticancer drugs;
relevance for dose-intensity. In Vivo 9: 557-564, 1995,

- Wyllie AH: Apopiosis and the regulation of cell numbers in

normal and neoplastic tissues: an overview, Cancer Metastasis
Rev 11: 95103, 1992,

. Potten CS: What is an apoptotic measunng? A commentary. Br

J Cancer 74: 1743-1748, 1095

- Potten C5: Exireme sensitivity of some intestinal crypt cells o

X and y irradiation. Nature 269: 518-521, 1977,

- Diament MJ, Garcia C, Stillitani I, Mudiiz Sﬂave_dm V. Manzur T,

« Honl K, Zhang QH, Li HC and Saito S: Variatan of growth rate

of a ratl umor duning a light-dark cicle: correlation with circadian
fluctuations in wmor blooad flow. Br | Canger 71 I 163-1168,
1995,

Hirst DG, Hirst VK, Shaff; KM. Prise VE and Joiner B: The
influence of vasoactive dgents on the perfussion of wmars
ETowing in three sites in the mouse, Ing | Radiat Biol 60: 211-218.
1991, "

Earshaw WC: Nuclear chahges in apoptosis. Cyrr Opin Cell
Biol 7: 337-343, 1905, *

Radinsky R: Modulation of tumor cell gene expression and
phenotype by the Urean-specific metastatic environment, Cancer
Metastasis Rev 14 323-338, 1995,

survival and cell death. Narure
356: 397-400, 1992,

Akbar AN and Salmon M: Cellular en vironments and apoptosis:
Lissue microenvironments control activated T-cell death. [mmunal
Today 18: 72-76, 1997,




	2000Circadiano001
	2000Circadiano002
	2000Circadiano003
	2000Circadiano004

