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Image analysis of DNA fragmentation and loss in V79 cells under apoptosis

Silvya Stuchi Mari&? Benedicto de Campos Vidand Maria Luiza S. Melfo

Abstract

Nuclear image analysis of Feulgen-stained V79 fibroblasts after three days in culture was used to discriminate apapidteetslls
suspected to be undergoing apoptosis from control cells based on parameters such as the Feulgen-DNA content, degree of chrom
condensation and nuclear areas, in association with visual morphology. The fibroblasts were initially plated at a deoslty/oflEhd
incubated under optimal culture conditions without subculturing. Following confluency, the cells underwent contact ingapitsisa

Image analysis revealed three nuclear phenotypes which were defined in terms of their morphological characteristiosfatdevels
matin condensation. A decrease in the amount of Feulgen-DNA was detected in apoptotic cells and in cells suspected gf undergoi
apoptosis. This decrease was assumed to indicate DNA loss. Image analysis procedures may therefore provide a usstuirtool for di
nating cells in the early stages of apoptosis.

INTRODUCTION 1995) and to establish apoptosis-cell cycle relationships
(Wallet et al,, 1996).
Cells in advanced stages of apoptosis exhibit mor- Image analysis of Feulgen-stained nuclei should be

phological changes characterized by nuclear and cytoplaszapable of revealing changes in chromatin supraorganization
mic condensation and cell fragmentation into membrane-as well as in DNA amounts during apoptosis. In addition,
bound apoptotic bodies (Wyllet al, 1981). These mor- compared to the TUNEL assay, such analysis should allow
phological changes can be observed by light microscopythe detection of the early stages of apoptosis by associat-
and are correlated initially with large (50 to 300 kb) and, ing slight changes in nuclear morphology with a decrease
subsequently, very small (oligonucleosomes, 180-200 bp)jn DNA content. In this study, DNA loss and changes in chro-
chromosomal DNA fragments (Wyllet al, 1981). matin texture in hamster V79 fibroblasts were evaluated by

Internucleosomal DNA digestion is one of the hall- image analysis of Feulgen-stained preparations and then
marks of apoptosis and is frequently used as the sole criexamined for their correlation with the morphological fea-
terion for its detection (Arends al,, 1990; Coheeet al, tures of apoptosis. In long-term cultures, these cells show
1991; Raff, 1992). However, no clear evidence has beertlassic characteristics of apoptosis (Maria and Vidal, 1996).
presented that DNA degradation plays a primary and caus-

ative role in apoptotic cell death (Schulze-Ostlrofil, MATERIAL AND METHODS

1994). Indeed, other morphological features of apoptosis

occur in the absence of detectable DNA fragmentation or Cells

a decrease in DNA content (Cohetral, 1991; Falcieri

etal, 1993; Oberhamet al, 1993; Fourneét al, 1995; Chinese hamster V79 lung fibroblasts (clone M8) at
Zamaiet al,, 1996). passage 34 were supplied by Dr. Marcela Haun (Department

The existence of a variety of apoptosis inducers andof Biochemistry, UNICAMP). The cells were plated at a den-
of variable expression according to the cell type consid-sity of 16/ml on 90-mm Petri dishes containing six 18 x 18-
ered has led to a reconsideration of the morphological cri-mm coverslips and 10 ml of culture medium (DMEM) supple-
teria for the detection of apoptosis. Even in studies usingmented with 10% fetal bovine serum, 100 IU penicillin/ml
in situlabeling of DNA strand breaks as a marker, there isand 100 IU streptomycin/ml. The preparations were incubated
a heavy reliance on morphological features for the identi-at 37C in a humidified chamber with 5% C@® an atmo-
fication of apoptotic nuclei. sphere of air and the medium was changed daily. The cells
When associated with image analysis procedureswere used after 3 days of incubation, to avoid the problem of
the Feulgen reaction has proven useful for evaluatingdetached confluent cells, which occurs in 6-day cultures.
changes in chromatin texture in different cell types un-
der various experimental conditions (Mello, 1989, 1999; Cell fixation and staining
Mello and Russo, 1990; Melket al, 1995; Vidalet al.,
1998) Feulgen-stained preparations have also beenused  The cells were fixed in absolute ethanol-acetic acid
to quantify apoptotic and mitotic indices (Candial, (3:1, v/v) mixture for 1 min, rinsed in 70% ethanol for 5
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min and air-dried at room temperature. They were thendetection kit, Béhringer Mannheim, Germany) to detect
subjected to the Feulgen reaction, the acid hydrolysis ste@poptosis according to the manufacturer’s instructions.
of which was carried out in 4 M HCI at Z5for 90 min.
The stained preparations were mounted in Canada balsam Statistical analysis
(n, = 1.54).
The experiments were performed in triplicate and re-
Image analysis peated at least three times. Statistical analysis involved
analysis of variance (ANOVA) and the Mann-Whitney non-
Video image analysis cytometry was carried out ac- parametric test.
cording to Vidal (1997), using a Global Lab Image soft-
ware (Data Translation, Inc. System, Marlboro, MA, USA) RESULTS
coupled to a Zeiss photomicroscope equipped with a Pol-
Neofluar 25/0.60 objective, 1.25 optovar, 1.4 condenser, The cells grew exponentially and became confluent
A =546 nm, and a 12-v 60-w lamp connected to a stabiafter 3 days in culture. Apoptotic cells appeared after
lizer. The images to be processed were transmitted frontonfluency, without subculturing. Three interphase phe-
the microscope to the computer by a JVC monochromatianotypes differing in their chromatin packing states and
CCD video camera. The conversion of pixelgito was intranuclear distribution occurred in the 3-day cultures.
done using a micrometer slide as standard. Nuclear areabhe most frequent phenotype (1) was characterized by a
(S), optical densities (absorbances, OD), and integratedew small chromatin granules in a homogeneously dis-
optical densities (I0OD or, in this case, Feulgen-DNA val- tributed, delicate chromatin background and was consid-
ues) were chosen from several descriptors provided byered the control (Figure 1a). Another phenotype (I1), des-
the software based on the information required by thisignated as suspected apoptosis, exhibited larger areas of
study. The conversion of gray levels to absorbances ocondensed chromatin and a reduced nuclear area com-

transmittances was done using the Minitab program. pared to type | nuclei (Figure 1b; Table I). In the third
phenotype (lIl) the nuclei showed chromatin condensa-
TUNEL assay tion typical of apoptosis (Figure 1c,d), with clumps of

condensed chromatin distributed at the nuclear periph-
Cells fixed in absolute ethanol-acetic acid (3:1, v/v) ery. Entire Il nuclei frequently appeared condensed into
were subjected to the TUNEL asséay ¢itu Cell Death  clusters of round corpuscles (Figure 1c). The incidence
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Figure 1 - Nuclear aspect of V79 fibroblasts after three days in culture. Different types of chromatin condensation are present in
Feulgen-stained nuclei (a-d): | (control, a), Il (suspected apoptosis, b), and Il (apoptosis, c,d). The TUNEL assay confirmed
occurrence of apoptosis in the cell population (e). Bar gm0
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Table | - Video nuclear image parameters for Feulgen-stained V79 fibroblasts.

Nuclear N oD 10D S
phenotypes

X S n x SO g x sD

| 452 0.20 0.05 020 2620 1278 2330 13278 56.25 118.98
I 81 0.24 0.06 022 2301 1765 1460 9038 5069 7Q.60
I 52 0.30 0.09 029 1658 757 1537 6392 4442 4695

IOD, Integrated absorbances; N, number of measurements; OD, absorbances; S, nuclear absorbing area;
SD, standard deviation; X, arithmetic megnmedian.

of apoptosis in this cell population was confirmed by the appears to be the most reasonable since DNA loss has been
TUNEL assay (Figure 1e). reported for apoptotic nuclei following procedures, such
The nuclear images studied with the video image as flow cytometry, which do not involve acid hydrolysis
analyzer were chosen based on their morphological char¢Ferlini et al., 1996). DNA loss in V79 cells during
acteristics. The number of measurements performed varapoptosis probably involves the action of endonucleases.
ied with the frequency of each nuclear phenotype. The The idea that the presence of fragmented DNA aris-
apoptotic nuclei chosen for measurements showed nang from endonuclease action reflects the fact that
signs of nuclear envelope disruption. apoptotic nuclear DNA is more sensitive to acid hydroly-
The OD values of the type Il nuclei were greater thansis during the Feulgen reaction does not seem to apply
those of type | nuclei but smaller than those of apoptotichere. Indeed, cytochemical studies have shown that the
nuclei. In contrast, the Feulgen-DNA content and thefragmented DNA forms in apoptotic nuclei of V79 and
nuclear absorbing area of type Il nuclei were smaller thanBHK21 fibroblasts complex with histones and concanava-
those of type | nuclei, but greater than those of apoptotidin A-reactive proteins in the same way as DNA from non-

nuclei (Tables | and II). apoptotic nuclei (Vidal, B.C. and Maria, S.S., unpublished
observations).
DISCUSSION Flow cytometry suggests that alterations in chroma-

tin texture in early apoptosis lead to changes in DNA stain-
The Feulgen reaction was capable of highlighting ability (Ferlini et al, 1996). However, the usefulness of
nuclear images typical of apoptosis and nuclei suspecteflow cytometry is limited by its inability to preserve cell
of being committed to cell death by apoptosis. Imagetopography, the need for fluorescent labels which vary in
analysis confirmed the visual discrimination, by distin- affinity for DNA, and the need for a large cell sample
guishing nuclei at two different stages of apoptosis. (Wallet et al, 1996). In contrast, the Feulgen reaction,
The decrease in the amount of nuclear Feulgen-DNAbesides being highly stoichiometric, is capable of show-
with the apoptosis may have resulted from an intrinsic lossng the morphological characteristics of apoptotic chro-
of fragmented DNA or changes in its physicochemical sta-matinin situ(Cambyet al, 1995; Mello, 1999).
bility to the Feulgen acid hydrolysis. The first hypothesis The gradual increase in OD values concomitant with
a decrease in nuclear areas favors the idea of enhanced
chromatin condensation in nuclei supposedly at an early
stage of apoptosis (type Il nuclei). The type | nuclei which

Table Il - Comparison of nuclear image analysis exhibited OD and nuclear area characteristics similar to
parameters in 79 fibroblasts. those of type Il nuclei may represent intermediate stages

Descriptors Compared Mnn- ANOVA (F) of chromatin supraorganization prior to becoming type Il

phenotypes  Whitney (P) nuclei.
The apoptosis described here for V79 fibroblasts was

Absorbances . . . .

(=0D) LI 04.93+ induced solely by advancing cell growth time in culture
Ivs. I 59.05* and maintenance of cell-cell interactions (Datial,
sl 18.79 1996). In the presence of drugs and other agents, the

Feulgen-DNA nuclear morphology and chromatin texture of V79

content (= 10D) lvs. Il 0.0000** . . .
vs. ] 0.0246* apoptotic cells may well differ from those described here.
lvs. Il 0.0000* In conclusion, the phenotypical variation in the

Nuclear apoptotic process seen in Feulgen-stained preparations

apsorbing area - fvs. Il Lvs- .00 was confirmed by image analysis data. Morphologically

' suspect cell nuclei may be shown to be early apoptotic
*Significant (P, , level); **highly significant (B, level). cell nuclei, by associating visual microscopic observations
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with image analysis descriptors which demonstrate a de®ini, L., Coppola, S., Ruzittu, M.T.andGhibelli, L. (1996). Multiple path-
crease in DNA content ways for apoptotic DNA fragmentatioBxp. Cell Res223 340-347.
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