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Summary. Kinetic data on the labeling index (LI), DNA synthesis time (),
and potential doubling time (t,) of epidermic cells in relation to sex, age,
and site were obtained by in vitro incubation of skin cylinders from 45
human cadavers with DNA precursors *H- and “C-thymidine. In a first
study on parts of the same material, it was established that LI over a period
of more than 70h and t,, over a period of at least 30 h remained essentially
unchanged and are comparable with live humans, when the cadavers were
stored at 4°C. The following results were obtained: The female and male
cadavers had a LI of 2.6% (£ 0.8%) or 2.5% (£ 0.8%), at,0f 3.9h (£ 0.2 h)
or 5.0h (£ 1.6h), and a t,, of 168.5h (£34.3h) or 183.9h (£ 27.2h). The
LI for the thigh and knee ranged between 21.3% and 25.8% in different age
groups. No statistically relevant differences were established between the
sexes or among the age groups. Topographic allocation of the proliferative-
kinetic data ultimately showed that, on the average, LI was relatively high
at the elbow (3.1% =+ 1.0%) with short ty, (109.3 =72.5h) and a compara-
tively large epidermal diameter (47.1 pm); by contrast, LI at the lower abdo-
men was impressively low (2.1% + 0.8%), t, relatively long (183.0 + 138.7h)
and mean epidermal diameter relatively small (23.0 um). Nevertheless, no
statistically relevant differences were established between data for elbow
and lower abdomen or between other data for different sites. The prolifera-
tive-kinetic data for human cadavers were compared with data reported in
the literature for live humans.
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Zusammenfassung. Durch In-vitro-Inkubation von Hautstanzen mensch-
licher Leichen mit den DNS-Vorldufern *H- und **C-Thymidin sollten kine-
tische Daten zum Markierungsindex (MI), zur DNS-Synthese-Zeit (t;) und
zur potentiellen Verdoppelungszeit (t,,) epidermaler Zellen in Abhéingig-
keit von Geschlecht, Alter und Topographie gewonnen werden. Folgende
Ergebnisse konnten erhalten werden: Frauen und Minner hatten jeweils ei-
nen MI von 2.6% (£0,8%) bzw. 2,5% (£0,8%), — eine t; von 3,9h
(£0,2h) bzw. von 5,0h (+ 1,6 h) — und eine t,, von 168,5h (£ 34,3 h) bzw.
von 183,9h (£ 27,2 h). Fiir unterschiedliche Altersklassen lagen die M1 zwi-
schen 21,3 und 25,8%, bei Biopsieentnahme aus Oberschenkel und Knie.
Statistisch relevante Unterschiede bestanden weder zwischen Geschlechtern
noch zwischen den Altersklassen. Bei topographischer Zuordnung der proli-
ferationskinetischen Daten konnte schlielich festgestellt werden, dall der
MI im Ellenbogen mit 3,1% (+ 1,0%) im Mittel relativ grofl war bei gleich-
zeitig bestehender kurzer t,; von 109,3h (+ 72,5 h) und vergleichsweise gro-
Ber Epidermisdicke von 47,1 pm. Demgegentiber war im Unterbauch der
MI mit 2,1% (£ 0,8%) auffillig niedrig, die t, mit 2,9h (& 1,3 h) relativ kurz
und die tp; mit 183,0h (£ 138,7 h) relativ lang, — bei einer mittleren Epider-
misdicke von 23,0 um. Ein statistisch relevanter Unterschied bestand weder
zwischen den Daten von Ellenbogen und Unterbauch noch zwischen den
iibrigen Daten verschiedenster Topographie. Die an der Leiche beobachte-
ten proliferationskinetischen Daten werden mit Informationen verglichen,
die iiber lebende Menschen im Schrifttum zu identischen Fragen vorliegen.

Schliisselworter: Epidermis, t Zellkinetik — DNS-Synthesezeit, Geschlechts-
abhingigkeit epidermaler Zellen

Introduction

The results of cytokinetic investigations of epidermis cells from human cadavers
have been reported elsewhere [15]: skin biopsies taken from the extensor side
of the thigh were investigated by in vitro incubation with radioactively labeled
thymidine; the following postmortal interval (PMI)-dependent kinetic data
were obtained by counting 1,000 cells from the basal cell layer of each skin
specimen:

Labeling index (LI): 2.71+ 0.76% (PMI, approx. 20h)
2.80+ 0.91% (PMI, approx. 40h)
DNA synthesis time (t;): 475+ 1.44h (PMI, approx. 30h)

320+ 1.10h (PMI, approx. 40h)
Potential doubling time (t,,;):  181.30 £ 57.2 h (PMI, approx. 30h)
13770 £ 40.4 h (PMI, approx. 40h)

The LI and t,,, values, especially in the early PMI, compared well with cyto-
kinetic observations in the epidermis of live humans; the t, for the cadavers,
however, tended to be short. No statistically relevant differences between
cadavers and live humans, however, could be established.
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Since systematic investigations on sex, age, and site dependency of epidermic
cell cytokinetics are virtually impossible in live humans, it seemed appropriate,
based on the above mentioned finding, to carry out such systematic studies on
cadavers. These investigations describe both relative and absolute differences
comparable with in vivo conditions.

Material and Methods

The material and methods are described briefly in the present study (for details see [15]).
Biopsy cylinders (0.3 mm) were taken from the temple, anterior part of the neck, mamma
(upper outer quadrant), lateral chest wall, lower abdomen, thigh (extensor side), knee (exten-
sor side), upper arm (flexor side), and elbow of 45 selected cadavers. For various reasons, the
biopsies were not always taken in the same way in all cadavers; in some cadavers, specimens
were removed twice at different PMIs.
The cadavers were selected according to the following criteria:

1. Definable time of death = 2.2h,
2. Absence of intoxjcation or cytostatic therapy,
3. Absence of skin disease.

A detailed description of a part of the case material is presented in the study cited above [15].
Ten additional cases are integrated in the present study.

The specimens were incubated according to Helpap and Maurer [8], see also [9, 10, 13]:
some only once in a solution containing *H-thymidine (*H-TdR) at a concentration of 20 uCi/
ml (specific activity, 5Ci/mmol; Code No. TRA 61, Amersham Buchler, Braunschweig,
FRG). Hundred fourteen specimens were incubated twice; the second solution contained **C-
thymidine (**C-TdR) at a concentration of 1 uCi/ml (specific activity, 54 mCi/mmol; Code No.
CFA 532, Amersham Buchler, Braunschweig, FRG). All biopsy specimens were incubated
immediately after removal at 37°C under 2.2 atm O,. After incubation, the specimens were
fixed in 4% paraformaldehyde with added cold thymidine (1 mg/lm; Code No. 18600; Serva
Feinbiochemica, Heidelberg, FRG) to inhibit further incorporation of radioactive thymidine.

The paraffin-embedded specimens were cut into 5 pum-thick sections. Photographic pro-
cessing was made by the dipping method (film, Kodak NTB2 or Ilford K2) with an exposure
time of 14 days. Thousand cells from the germinal layer were counted per specimen; nuclei
were considered labeled if they contained at least four reduced silver granules or at least two
tracks that originated at the cell nucleus. The background was extraordinarily low and, there-
fore, could be neglected. No excretory ducts of sweat glands or hair follicles were counted.

The synthesis time was calculated according to Schultze [21]; the potential doubling time,
according to Maurer and Schultze [14]. The data were analyzed statistically by Student’s s-test
[20]; a difference at the 1% level was considered significant.

In addition, the epidermal diameter was measured using a micrometer eyepiece; the mean
epidermal diameter (excluding the horny layer) was based on five measurements.

Results

Sex Dependency

LI t;, and t,,; was determined in biopsies of thigh skin, independent of the post-
mortal storage time (Table 1, Fig. 1). LI was virtually the same in both sexes.
No significant differences were established between mean t, and t, values.

Age Dependency

Age dependency was assessed by evaluating three age groups (15 years and
younger, 20-60, 70 and older). Thigh and knee biopsies were examined sepa-
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Table 1. Sex and kinetic data of epidermic cells

Kinetic data Women Men
N X S N X S
LI (%) 17 2.6 0.8 28 2.5 0.8
t; (h) 7 3.9 0.2 4 5.0 1.6
tpot (h) 7 168.5 343 4 183.9 27.3
LI tg tpot
(%oé (h) j (h)J
] 1 ]
1 es] 170 Fig. 1. Sex dependency of labeling
] ] index, DNA synthesis time, and
**] = 150 potential doubling time (median
1 4 @ 1 = horizontal line; standard devia-
] a7 1309 tion = triangle above and below
0 o o horizontal line)
w M w M W M
(N=17) (N=28) (N=7) (N=4) (N=7) (N=4)

Table 2. Age dependency of labeling index (%) in skin form thigh and knee with a postmortal
interval of less than 24 h

Age (yr) Labeling index (%o)

Thigh Knee

N X s N X s
=15 7 28.7 14.5 6 25.2 8.3
20-60 15 21.3 10.2 14 28.5 9.9
=70 13 25.8 9.6 10 213 4.9

rately; only biopsy material obtained within 24 h after irreversible cardiac arrest
was evaluated. The findings are presented in Table 2 and Fig. 2.

No significant differences were established in the individual age groups. No
relevant differences were found between the LI of thigh skin and that of knee
skin. Since double labeling was made in comparatively few cases, the age de-
pendency of t; and t. was not calculated.

Location

The LI for skin from various parts of the body was determined independent of
PMI (cp. Table 3, Fig. 3). The value for the lower abdomen (LI, 2.1% =+ 0.8%)
is comparatively low, and the value at the elbow (LI, 3.1% = 1.0) is relatively
high. No significant difference, however, could be established between these or
other locations.
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The mean t; values are listed in Table 3 and in Fig. 4 according to the topo-
graphic distribution of the biopsy site. The lowest value (2.94+1.33h) was
found in the lower abdomen and the highest (6.3 &= 3.6 1) in the upper arm. No
significant difference, however, could be established.

Calculation of t, (Table 3) revealed an impressively short interval at the
elbow (t,or, 109.3+£72.5) and a long interval at the upper arm (tpo, 242.8 &
123.1). No statistically significant difference could be established between these
extreme values or other biopsy sites.

The mean values obtained for a site-dependent measurement of epidermal
diameter are presented in Table 3 and are allocated to the corresponding LI, t;,
and t,o: values. The lowest LI correlated with the smallest epidermal diameter
(lower abdomen) as well as the highest LI with the largest epidermal diameter
(elbow).

Discussion

The problem of comparing observations in cadavers with those in live humans
has already been discussed (cp. [15]): The allocation of the data from the same
case material to the PMI, which has been reported elsewhere, showed a PMI-
dependent shortening of t; and t,; these changes, however, were not signifi-
cant. The LI for cadavers stored at 4°C, even for those stored longer 70h, re-
mained virtually unchanged. The range of mean LI and t, values corresponded
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to that of the live human; only t, was shorter in the cadavers (on the average,
approx. 1-3h). The considerable interindividual scatter in the studies on cadav-
ers, like those in live humans, was impressive.

The question of whether this scatter may be dependent on other individual-
specific factors, therefore, also arises. Further investigations should determine
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Table 4. Site dependecy of kinetic data of epidermic cells from live humans; survey of the
literature

Location Authors LI(%) ts (h) tpor (1)
Arm Pullmann et al. [18] 2.9 8.0 276
Upper arm Pullmann [16] 2.8+0.1 7.2+0.8 296 =121
Upper arm- Pullmann and
flexor side Schumacher [19] 3.3+£09 7.8+x04 25+ 79
Lower arm Lachapelle [11] 20£5.0
Lachapelle and 2.2
Gillman [12] (1.9-2.6)
Lower arm- Camplejohn et al. [3] 5.5
flexor side
Elbow Galosi et al. [5] 5.8+25 9.0+27 184 + 91
Leg Pullmann et al. [18] 44 7.8 195
Abdomen Allegra and 3.8+0.8 7.6+1.1 206+ 51
De Panfilis [1]
Pullmann et al. [17] 24+0.16 6.6+0.5 282+ 96
Pullmann et al. [18] 2.3 6.3 274
Pullmann [16] 2.8+£0.1 72+£0.8 296 + 121
Christophers and
Schaumloffel [4] 3.8
Dorsum Braun-Falco et al. [2] 4.5
Hell and Maibach [7] 25%£12
Buttock Pullmann et al. [18] 1.0 5.6 560
Prepuce Christophers and 8.6x+0.9 58+0.3 142-164
Schaumloffel [4]

if this scatter can be reduced by the selection of case material according to sex,
age, and site. This question is also of particular interest because proliferation-
kinetic data can be obtained from live humans only in exceptional cases and,
consequently, little or no information is available. Taking into consideration
that in cadavers t; shortened with increasing PMI, at least relative difference
could be established even for this complex.

To the best of our knowledge, no studies on the sex-dependent proliferation
of epidermic cells are available. There are also no systematic investigations on
age dependency; the findings of a few authors who investigated live humans in
certain age groups, however, are comparable. Camplejohn et al. [3] examined
skin from 28 persons between 23 and 30 years of age and, after in vivo injection,
found a LI 0of 5.5% (range: 4.1%—7.6%). Lachapelle and Gillman [12], who in-
vestigated six test persons between 45 and 58 years of age, reported a LI of
2.2% (range: 1.9%-2.6%) with in vivo labeling and a LI of 2.3% (range:
2.0%-2.6%) with in vitro labeling. Allegra and DePantfilis [1], who studied six
test persons between 62 and 85 years of age using in vivo labeling, reported a LI
of 3.79% £0.75%, a t, of 7.58 £ 1.22h, and a t,, of 206.67 £ 50.92h. As this
comparison clearly shows, no important systematic differences exist.

Finally, the question of site-related differences of proliferation-kinetic data
arises. The findings of various investigators have been compiled in Table 4 ac-
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cording to their topographic allocation. This compilation shows that, with the
exception of the prepuce, most DNA-synthesizing cells are found at the arm,
particularly the elbow (LI, 5.8%), whereas the LI at other sites are, for the
most part, identical (LI, 2.3%-3.3%). The table, however, does not take
methodologic differences into consideration, i.e., in vivo or in vitro labeling,
differing number of cases, varying dosages of radioactive marker and exposure
times. Comparison of uniform findings is possible only with the study by
Pullmann et al. [18]; these authors, however, investigated only four cases by in
vitro incubation: one test person for each biopsy site (abdomen, buttock, arm,
leg). They reported the highest LI and the shortest t,, in skin taken from the
leg.

Our observations based on a comparatively large sample showed the highest
LI, the shortest t,, and the largest epidermal diameter at the elbow. Our find-
ings, therefore, are compatible with some of the other researchers listed in
Table 4 (cp. [5]; see also [1, 4, 17-19]).

Our study did not consider the debated circadian rhythms of epidermic gen-
eration periods since they, as in the studies by Pullmann et al. ([17]. see also
[6]), could not be corroborated in our few single tests.

Acknowledgement. The authors acknowledge the practical and, above all, the theoretical as-
sistence and advice of Professor Dr. B. Maurer-Schultze.

References

1. Allegra F, De Panfilis G (1974) An in vivo method of studying the kinetics of cell prolifer-
ation in normal human epidermis. Acta Derm Venerol (Stockh) 54:87-90

2. Braun-Falco O, Christophers E, Kurban A (1967) Abnormes Verhalten der epidermalen
Regeneration bei Patienten mit Psoriasis vulgaris. Arch Klin Exp Dermatol 229:276-284

3. Camplejohn RS, Gelefant S, Chalker D, Sittampalam Y (1984) Mitotic and labelling ac-
tivity in normal human epidermis in vivo. Cell Tiss Kinet 17:315-322

4. Christophers E, Schaumloffel E (1967) Zur DNS-Synthesezeit in der menschlichen Epi-
dermis. Arch Klin Exp Dermatol 228:57-64

5. Galosi A, Pullmann H, Steigleder GK (1980) Abnormal epidermal cell proliferation on
the elbow in psoriatic and normal skin. Arch Dermatol Res 267:105-107

6. Gelfant S, Ozawa A, Chalker DK, Smith JG, Jr (1982) Circadian rhythms and differences
in epidermal and in dermal cell proliferation in uninvolved and involved psoriatic skin in
vivo. J Invest Dermatol 78 : 58-62

7. Hell E, Maibach H (1972) A comparison of in vivo and in vitro methods of identifying
human epidermal cells in DNA synthesis. Br J Dermatol 86:506-507

8. Helpap B, Maurer W (1967) Bemerkungen zu autoradiographischen Untersuchungs-
methoden von Excisionsgeweben in vitro mit *H-Thymidin. Verh Dtsch Ges Pathol 51:
262-265

9. Klein HO, Lennartz KJ (1970) In-vitro-Untersuchung zur Proliferationskinetik von
Erythroblasten, myeloischen Vorstufen und Tumorzellen des Menschen. Med Welt 21:
1853-1855

10. Klein HO, Lennartz KJ, Eder M, Gross R (1970) In-vitro-Verfahren zur autoradio-
graphischen Bestimmung der Zellkinetik der Erythroblasten bei Tier und Mensch. Histo-
chemie 21:369-382
11. Lachapelle JM (1969) Isotopic labelling of cutaneous structures. A preliminary compari-

son of local in vivo and in vitro techniques applied to healthy and pathological human
skin. Br J Dermatol 81:299-305



182 M. Oehmichen et al.

12. Lachapelle JM, Gillmann T (1969) Tritiated thymidine labelling of normal human epider-
mal cell nuclei. A comparison, in the same subjects of in vivo and in vitro techniques. Br
J Dermatol 81:603-616

13. Lennartz KJ, Klein HO, Feaux W, De Lacroix, Klein PJ (1971) Vergleichende In-vivo-
und In-vitro-Untersuchung der Zellkinetik experimenteller Tumoren und die Bestim-
mung des Generationszyklus von Tumorzellen des Menschen in vitro. Verh Dtsch Ges
Pathol 55:591-596

14. Maurer W, Schultze B (1968) Uberblick iiber autoradiographische Methoden und Ergeb-
nisse zur Bestimmung von Generationszeiten und Teilphasen von tierischen Zellen mit
markiertem Thymidin. Acta Histochem [Suppl] 8:72-87

15. Reference deleted

16. Pullmann H (1978) Autoradiographie. Untersuchung der Zellproliferation bei Psoriasis
vulgaris. Grosse, Berlin, S 1-109

17. Pullmann H, Lennartz KJ, Steigleder GK (1974) In vitro examination of cell proliferation
in normal and in psoriatic epidermis, with special regard to diurnal variations. Arch Der-
matol Forsch 250:177-184

18. Pullmann H, Lennartz KJ, Steigleder GK (1975) Die Proliferationskinetik normaler Epi-
dermis vor und nach duBerlicher Anwendung einer 1%igen Vitamin A-Saure-Losung.
Arch Dermatol Res 253:71-76

19. Pullmann H, Schumacher H (1975) Vergleichende autoradiographische In-vitro-Unter-
suchungen zur Zellproliferation normaler und psoriatischer Epidermis bei Inkubation in
autologem Plasma und in Eagle’s Basal Medium mit 20% fetalem Kilberserum. Arch
Dermatol Res 254:327-332

20. Sachs L (1984) Angewandte Statistik. Statistische Methoden und ihre Anwendungen (6.
Aufl) Springer, Tokyo Berlin Heidelberg New York

21. Schultze B (1968) Die Orthologie und Pathologie des Nucleinsdure- und Eiweifistoff-
wechsels der Zelle im Autoradiogramm. In: Altmann HW et al. (Hrsg) Handbuch der
allgemeinen Pathologie, Bd 2, Teil 5: Die Zelle. Springer, Berlin Heidelberg New York,
S 466-670

Received February 8, 1988



