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Figure 1 ISEL reactions with different pretreatments. (A) Lymphoma, trypsin 0.10% alone. There is weak positivity in
occasional apoptotic nuclei (arrow), while normal nuclei are negative. (B) Lymphoma, trypsin 0.1% plus 1 M HCl. The
apoptotic nuclei are strongly positive (arrow) and score 3, while the normal nuclei show diffuse positivity but with a lower
intensity than the apoptotic nuclei (score 2). (C) Adenocarcinoma, protease XIV 0.55% alone. Digestion artefact is present
but there is no ISEL reaction in any nuclei. (D) Adenocarcinoma, protease XIV 0.5% plus 1 M HCl. In this field, all
nuclei are strongly positive.

Figure 2 ISEL reaction, adenocarcinoma, pretreated with
1 M HCl only. In this field there is no reactivity in any
nuclei, nor in the necrotic material on the right of the figure.

when hydrochloric acid was used was statisti-
cally significant for trypsin (p = 0.01), protease
XIV 0.5% (p = 0.00), protease XXIV for five
minutes (p = 0.03), and protease XXIV for 15
minutes (p = 0.00).
Some slides showed a mild degree of positiv-

ity in apoptotic cells even without any pretreat-
ment, reflected in the total score of 4 (table 1).
Incubation with either 1 M or 0.1 M hydro-
chloric acid alone had no effect on the ISEL
reaction (fig 2).

Slides pretreated with trypsin or protease
XXIV for 60 minutes showed no reaction in

Figure 3 ISEL reaction, adenocarcinoma, pretreated with
pepsin in 0.1 M HCl. A strongly positive apoptotic cell is
visible near the centre of thefigure (score 3), the other
nuclei are negative.

any slide in either apoptotic cells or normal
nuclei. Morphological digestion effects were

visible in these tissues, and in the slides
incubated with protease XIV 0.5% (fig 1C).
Both proteinase K and pepsin gave good

results. The signal:noise ratio was best for pep-
sin; strong reactions in apoptotic cells were

seen whereas normal nuclei showed little or no

reaction (fig 3).

Discussion
We have demonstrated that the addition of 1 M
hydrochloric acid to pretreatment with trypsin,
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In situ end labelling

protease XIV, and protease XXIV results in
significantly stronger ISEL reactions. This
finding is similar to observations with in situ
PCR, which showed that dilute acid pretreat-
ment may have an important effect on

subsequent reactions."" The acid may be hav-
ing an effect on either the DNA associated
proteins, the nucleic acid, or both. The solubil-
ity of histone proteins may increase at low pH,'4
while known effects of mineral acids on nucleic
acids include depurination (the purine
N-glycosyl bond is more labile than the
pyrimidine N-glycosyl bond), and phosphodi-
ester bond cleavage with hydrolysis into lower
molecular weight fragments.""'1 In contrast,
DNA is relatively stable under alkaline
conditions. 16
The positive reactions in normal nuclei

probably result from DNA nicks incurred dur-
ing fixation and processing14; however, the
numbers of such nicks are less than in
apoptotic cells. Hence the statement by Ansari
et al2 ". . the ISEL technique is selective
(rather than specific) for apoptotic nuclei, since
these contain a far greater degree ofDNA frag-
mentation."
When morphological digestion effects were

visible (protease XIV at 0.5%, trypsin, and
protease XXIV at 60 minutes incubation),
there was no ISEL reaction in any nuclei. It
appears that even the low level of background
positivity observed in slides with no pretreat-
ment can be abolished when overdigestion
occurs. These findings confirm the importance
of correct pretreatment: false negative ISEL
results may be obtained when proteolytic
digestion is either excessive or inadequate.
We also found that pretreatment with acid

alone had no significant effect. This finding is
consistent with pilot studies which showed that
slides pretreated with hydrochloric acid alone
at 0.1 M, 0.5 M, and 1 M concentrations
showed no increase in positive ISEL signals,
even with incubation times as long as 30 min-
utes (data not shown).
Why did pepsin, proteinase K, and protease

XIV result in positive ISEL without a separate
acid incubation step, in contrast to trypsin and
protease XXIV? In the case of pepsin, which is
dissolved in 0.1 M hydrochloric acid, an effect
from the low pH of the solution may obviate
the need for subsequent mineral acid treat-
ment. Proteinase K and protease XIV, however,
are not used at acid pH. It is possible that dif-
ferent enzyme activities may be relevant, but
this seems unlikely as protease XIV, protease
XXIV, and proteinase K all have a broad spec-
trum proteolytic activity, in contrast to trypsin,
which preferentially cleaves bonds on the
carboxyl side of arginine or lysine.'7 18 One
could speculate that steric effects might be
involved-for example, the relatively low mo-

lecular weight of proteinase K (19 kDa) might
allow it access to parts of the histone complex
inaccessible to larger enzymes."9 20
The results of this study are consistent with

the hypothesis that dilute mineral acid can have
an effect on the ISEL reaction that is comple-
mentary to, but different from, the effects of
proteolytic enzyme treatment. From a practical
point of view, workers having problems with
consistency in ISEL results may find pepsin a
better choice than proteinase K, as it combines
proteolysis and acid treatment in one step.
Alternatively, one could consider using another
proteolytic enzyme combined with hydrochlo-
ric acid incubation.

1 Gregory CD. Apoptosis: a role in neoplasia? In: Pusztai L,
Lewis CE, Yap E, eds. Cell proliferation in cancer. Oxford:
Oxford University Press, 1996:342-67.

2 Ansari B, Coates PJ, Greenstein BD, Hall PA. In situ end
labelling detects DNA strand breaks in apoptosis and other
physiological and pathological states. J Pathol 1 993;170: 1-
8.

3 Coates PJ, Save V, Ansari B, Hall PA. Demonstration of
DNA damage/repair in individual cells using in situ end
labelling: association of p53 with sites of DNA damage. Jf
Pathol 1995;176:19-26.

4 Wijsman JH, Jonker RR, Keijzer R, van de Velde CJH, Cor-
nelisse CJ, van Dierendonck JH. A new method to detect
apoptosis in paraffin sections: in situ end-labeling of
fragmented DNA. JfHistochem Cytochem 1 993;41:7-12.

5 Mundle S, Iftikhar A, Shetty V, Alvi S, Dameron S, Gregory
S, et al. In situ end labelling ofDNA to detect apoptotic cell
death in a variety of human tumors. Cell Death and
Differentiation 1994;1:117-22.

6 Mundle S, Iftikhar A, Shetty V, Dameron S, Wright-
Quinones V, Marcus B, et al. Novel in situ double labeling
for simultaneous detection of proliferation and apoptosis. Jf
Histochem Cytochem 1994;12:1533-7.

7 Gold R, Schmied M, Rothe G, Zischler H, Breitschopf H,
Wekerle H, et al. Detection of DNA fragmentation in
apoptosis: application of in situ nick translation to cell cul-
ture systems and tissue sections. Jf Histochem Cytochem
1993;41: 1023-30.

8 Du M, Singh N, Husseuin A, Isaacson PG, Pan L. Positive
correlation between apoptotic and proliferative indices in
gastrointestinal lymphomas of mucosa-associated lym-
phoid tissue (MALT).7JPathol 1996;178:379-84.

9 Gaffney EF, O'Neill AJ, Staunton MJ. In situ end-labelling,
light microscopic assessment and ultrastructure of apopto-
sis in lung carcinoma. _J Clin Pathol 1995;48:1017-21.

10 Gavrieli Y, Sherman Y, Ben-Sasson SA. Identification of
programmed cell death in situ via specific labeling of
nuclear DNA fragmentation. Jf Cell Biol 1992;119:493-
501.

11 Iwata J, Sonobe H, Furihata M, Ido E, Ohtsuki Y. High fre-
quency of apoptosis in infantile capillary haemangioma. J
Pathol 1996;179:403-8.

12 Hiraishi K, Suzuki K, Hakomori S, Adachi M. Ley antigen
expression is correlated with apoptosis (programmed cell
death). Glycobiology 1993;3:381-90.

13 Gold R, Schmied M, Giegerich G, Breitschopf H, Hartung
HP, Toyka KV, et al. Differentiation between cellular apop-
tosis and necrosis by the combined use of in situ tailing and
nick translation techniques. Lab Invest 1994;71:219-25.

14 Lewis FA. In situ PCR-myth or magic? J Cell Pathol 1996;
1:13-23.

15 Teo IA, Shaunak S. Polymerase chain reaction in situ: an

appraisal of an emerging technique. Histochem J 1995;27:
647-59.

16 Kochetov NK, Budovskii EI. Organic chemistry of nucleic
acids. London: Plenum Press, 1971.

17 Keil B. Specificity of proteolysis. Berlin: Springer-Verlag,
1992.

18 Beynon RJ, Bond JS. Proteolytic enzymes: a practical approach.
Oxford: IRL Press, 1989.

19 Dattagupta JK, Fujiwara T, Grishin EV, Lindner K, Manor
PC, Pieniazek NJ, et al. Crystallization of the fungal enzyme
proteinase K and amino acid composition. J Molec Biol
1975;97:267-71.

20 Barman TE. Enzyme handbook. Berlin: Springer-Verlag,
1969.

163

 group.bmj.com on February 10, 2012 - Published by mp.bmj.comDownloaded from 

http://mp.bmj.com/
http://group.bmj.com/


doi: 10.1136/mp.50.3.160
 1997 50: 160-163Mol Path

 
N J Carr and I C Talbot
 
hydrochloric acid.
proteolytic enzyme pretreatment and 
In situ end labelling: effect of

 http://mp.bmj.com/content/50/3/160
Updated information and services can be found at: 

These include:

service
Email alerting

up in the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 10, 2012 - Published by mp.bmj.comDownloaded from 

http://mp.bmj.com/content/50/3/160
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://mp.bmj.com/
http://group.bmj.com/

