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Abstract 
Nuclear DNA, which is essential for the transmission of genetic information, 
is constantly damaged by external stresses and is subsequently repaired by the 
removal of the damaged region, followed by resynthesis of the excised region. 
Accumulation of DNA damage with failure of repair processes leads to fatal 
diseases such as cancer. Recent studies have suggested that intra- and extra-
nuclear environments play essential roles in DNA damage. However, numer-
ous questions regarding the role of the nuclear mechanical environment in 
DNA damage remain unanswered. In this study, we investigated the effects of 
cell confluency (cell crowding) on the morphology of cell nuclei, and cytoskel-
etal structures, and DNA damage in NIH3T3 skin fibroblasts and HeLa cervi-
cal cancer cells. Although nuclear downsizing was observed in both NIH3T3 
and HeLa cells with cell crowding, intracellular mechanical changes in the two 
cell types displayed opposite tendencies. Cell crowding in NIH3T3 cells in-
duced reinforcement of actin filament structures, cell stiffening, and nuclear 
downsizing, resulting in a significant decrease in endogenous DNA damage, 
whereas cell crowding in HeLa cells caused partial depolymerization of actin 
filaments and cell softening, inducing endogenous DNA damage. Ultraviolet 
(UV) radiation significantly increased DNA damage in NIH3T3; however, this 
response did not change with cell crowding. In contrast, UV radiation did not 
cause DNA damage in HeLa cells under either sparse or confluent conditions. 
These results suggested that cell crowding significantly influenced endoge-
nous DNA damage in cells and was quite different in NIH3T3 and HeLa cells. 
However, cell crowding did not affect the UV-induced DNA damage in either 
cell type. 
 

Keywords 
Cell Biomechanics, Mechanobiology, Mechanical Properties, DNA Damage, 

How to cite this paper: Nagayama, K. and 
Hirooka, Y. (2025) Changes in the Mechan-
ical Environment of the Nucleus with Cell 
Crowding and Its Effects on DNA Damage 
Resistance. Journal of Biosciences and Me- 
dicines, 13, 230-242. 
https://doi.org/10.4236/jbm.2025.131019 
 
Received: December 16, 2024 
Accepted: January 18, 2025 
Published: January 21, 2025 
 
Copyright © 2025 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/jbm
https://doi.org/10.4236/jbm.2025.131019
http://www.scirp.org
https://www.scirp.org/
https://doi.org/10.4236/jbm.2025.131019
http://creativecommons.org/licenses/by/4.0/


K. Nagayama, Y. Hirooka 
 

 

DOI: 10.4236/jbm.2025.131019 231 Journal of Biosciences and Medicines 
 

γ-H2A.X 

 

1. Introduction 

Nuclear DNA, which is essential for the transmission of genetic instructions, is 
constantly damaged by external stresses, such as ultraviolet (UV) radiation, and 
cells have a self-repair mechanism for DNA damage. However, chronic exposure 
to such stresses disrupts damage repair mechanisms, resulting in the accumula-
tion of DNA damage and leading to fatal diseases such as cancer [1]. Many studies 
have been conducted in the fields of biology and medical engineering to elucidate 
the mechanisms underlying DNA damage and repair [2] [3].  

It was recently reported that the mechanical or physical environment of the 
nucleus can affect the regulation of DNA damage and repair. Takata et al. [4] used 
isolated cell nuclei to demonstrate that DNA double-strand breaks after exposure 
to ionizing radiation were significantly lower in condensed DNA than in decon-
densed DNA. Shen et al. [5] found that the nuclei of cells migrating through tis-
sues were greatly compressed, resulting in a significant accumulation of DNA 
damage. We have also investigated the effects of mechanical stimuli and nuclear 
deformation on the UV radiation resistance of intranuclear DNA and found that 
UV-induced nuclear DNA damage could be markedly suppressed in cells whose 
nuclei were largely deformed by cyclic mechanical stretch stimulation [6] or by 
mechanical trapping by the surface microstructures of culture substrates, such as 
an array of micropillars [7] [8].  

The shape and size of the nucleus, which are deeply involved in the intra- and 
extra-mechanical environments of the nucleus, are influenced by the cell-cell in-
teractions due to cell density changes [9]. Cell density also affects various cellular 
functions such as cell proliferation and motility [10] [11], and high-density cul-
tured cancer cells exhibit marked DNA damage [12]. These reports imply that 
cell-cell mechanical interactions due to cell density changes affect intranuclear 
DNA damage and repair processes; however, none of the studies have examined 
cell-type differences in cell crowding-dependent DNA damage and DNA damage 
resistance, especially while taking into account changes in the mechanical envi-
ronment of the cell nucleus. 

In this study, we investigated the effects of cell density on the mechanical envi-
ronment of the cell nucleus and cellular DNA damage resistance. Using confocal 
fluorescence microscopy and atomic force microscopy (AFM), we assessed cell 
crowding-induced morphological and mechanical changes in the nucleus and in-
tranuclear DNA damage in NIH3T3 skin fibroblasts and cervical cancer HeLa 
cells, which are widely used to investigate cell type-dependent differences in re-
sponses [13]-[15]. We also examined differences in UV-induced DNA damage 
resistance between the two cell types. 
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2. Materials and Methods 
2.1. Preparation of Specimen Cells 

A mouse skin fibroblast cell line (NIH3T3 cells, RIKEN BRC) was used as a nor-
mal cell line, and a human cervical cancer cell line (HeLa cells, RIKEN BRC) was 
used for comparison. The cells were cultured in Dulbecco’s Modified Eagle’s me-
dium (Wako) supplemented with 10% fetal bovine serum (CELLect Gold), peni-
cillin (100 units/ml), and streptomycin (100 µg/ml; Sigma) in a 5% CO2 incubator 
at 37˚C with approximately 100% humidity. For the experiments, cells with dif-
ferent seeding densities were prepared for both cell types according to previous 
studies [12]: sparse group (SPG, 20 cells/mm2) and fully confluent group (CFG, 
200 cells/mm2). These cells were seeded onto uncoated φ35-mm glass-bottomed 
culture dishes (D11140H, Matsunami) and cultured for 48 h for complete spread-
ing. 

2.2. Actin Filaments and DNA Staining and Cell Morphological  
Analysis 

The cells were fixed in 10% neutral-buffered formalin for 10 min, permeabilized 
with PBS containing 0.5% Triton X-100 (ICN Biomedicals, Irvine, CA) for 5 min, 
and rinsed with PBS containing 1% bovine serum albumin (BSA; Sigma) to block 
nonspecific protein binding. Actin filaments in the cells were fluorescently stained 
after incubation with Alexa Fluor 488-conjugated phalloidin (1/300, Molecular 
Probes) at a concentration of approximately 200 nM for 60 min. Nuclear DNA 
was fluorescently labeled with Hoechst 33342 (1/1000, Molecular Probes) for 60 
min.  

The stained cells were placed on the stage of an inverted fluorescence micro-
scope (IX71, Olympus) equipped with a motorized XYZ stage (ProScan, Prior), 
confocal system (CSU-X1; Yokogawa, Tokyo, Japan), multicolor fluorescence sys-
tem (Light Engine Spectra-X; OPTO-LINE, Tokyo, Japan), and digital comple-
mentary metal-oxide semiconductor (CMOS) camera (ORCA-Flash4.0 V2; Ha-
mamatsu Photonics, Hamamatsu, Japan). The cells were observed using a 60x oil 
immersion objective lens (UPLSAPO 60XO, NA = 1.35, Olympus). Confocal im-
ages were acquired at 0.5 µm intervals in the thickness range of the cells (10 - 15 
µm). Nuclear area, nuclear volume (volume of nuclear DNA stained with Hoechst 
33342), and nuclear shape index (SI) were measured from additional projection 
images. SI expressed by Equation (1), is defined as 1.0 for a circle and approaches 
zero for highly elongated shapes. 

2
4 ASI
P
π

=                            (1) 

where A and P are the projected area and perimeter of the nucleus, respectively. 

2.3. DNA Damage Staining 

Intranuclear DNA damage in cells was detected using phosphohistone 2AX (γ-
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H2A.X), a major marker of DNA double-strand breaks, with immunofluorescence 
staining. Cells were fixed, permeabilized, and blocked for nonspecific protein 
binding using the procedure described in the previous section. The cells were in-
cubated with mouse antibodies against γ-H2A.X (1:200 dilution, Anti-gamma 
H2A.X [ab81299]; Abcam) for 1 h at room temperature (25˚C). After primary 
incubation, the cells were incubated with a secondary antibody (goat anti-mouse 
Alexa Fluor 546 [1:200 dilution; Invitrogen]) for 1 h at room temperature. All an-
tibodies were diluted in PBS containing 1% BSA. Intranuclear DNA was stained 
with Hoechst 33342 as described above. Confocal fluorescence image slices of the 
stained cells were captured using an inverted fluorescence microscope and confo-
cal system as described above. To assess cellular DNA damage, a projection image 
was created using the image slices within the thickness range of the nucleus. 

2.4. UV Radiation and DNA Damage Analysis 

To examine the effects of cell density or cell-type differences on UV-induced DNA 
damage resistance, the SPG and CFG in both NIH3T3 and HeLa cells, prepared 
as described in Section 2.1, were exposed to UV radiation of approximately 4.5 
mW/cm2 for 20 s using a conventional UV germicidal lamp with a peak emission 
at 254 nm, which is based on those of previous studies [8]. The damage caused by 
UV radiation was evaluated by the expression level of γ-H2A.X 40 min after UV 
radiation, because the peak expression of γ-H2A.X was reported to be 30 min to 
1 h after UV radiation [16].  
 

 
Figure 1. Representation of box plots for fluorescent intensity 
of 𝛾𝛾-H2A.X (DNA damage). The top 25% of the data in the UV-
radiated group are defined as UV-radiated DNA damage. 

 
The fluorescent intensity of Hoechst-stained DNA and γ-H2A.X was measured 

on the same pixel in the confocal fluorescence projection image of nucleus. γ-
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H2A.X is slightly expressed even before UV radiation (endogenous DNA damage 
due to DNA replication stress, etc.); therefore, it is necessary to classify “UV radi-
ation-induced γ-H2A.X” accurately. In a preliminary experiment, we analyzed the 
range of γ-H2A.X fluorescence in the UV-radiated and control (non-radiated) 
groups using box and whisker plots (Figure 1). The fluorescent intensity of γ-
H2A.X in the control group was approximately 1000, whereas that in the UV-
radiated group ranged from 1000 to 2500, with a wide variation. Thus, we ex-
tracted the top 25% of the fluorescent intensity data from both the control and 
UV-radiated groups and calculated the mean values and standard deviations. 

2.5. Analysis of Cell Surface Topography and Elastic Modulus  
Using Atomic Force Microscopy (AFM) 

To estimate the mechanical environment around the cell nucleus associated with 
cell crowding, the surface topography and surface elastic modulus of the cells were 
measured using AFM (NanoWizard IV, JPK Instruments-AG) mounted on top of 
an inverted optical microscope (IX73, Olympus, Japan) equipped with a digital 
CMOS camera (Zyla, Andor). The nuclei of the cells were fluorescently visualized 
with low-concentration Hoechst 33342. Phase-contrast images of the cells and flu-
orescent images of the nuclei were captured with the AFM-equipped CMOS cam-
era using a 20x objective lens (PhC, NA = 0.4, Olympus) to accurately identify the 
nuclear region of the cells.  

AFM quantitative imaging (QI) mode was used to obtain a force-displacement 
curve at each pixel of 128 × 128 pixels (100 × 100 µm of measured area) by a 
precisely controlled high-speed indentation test using rectangular-shaped silicon 
nitride cantilevers with a cone probe (BioLever-mini, BL-AC40TS-C2; Olympus, 
Japan) at a spring constant of 0.08 - 0.10 N/m and a nominal tip radius of 10 nm. 
QI mode measurements were performed within 1 h of transferring the specimen 
to AFM. These high-speed indentations were performed until a pre-set force of 1 
nN was attained. This typically corresponded to cell indentation depths of 200 - 
300 nm. Cell elasticity was calculated from the obtained force-displacement curves 
by applying the Hertzian model (Hertz 1881), which approximates the sample to 
be isotropic and linearly elastic. Young’s (elastic) modulus can be extracted by 
fitting all force-displacement curves with the following Hertzian model approxi-
mation: 

( )
2

2

2 tan
1

EF α δ
π ν

⋅
=

−
                         (2) 

where F is the applied force, E is the elastic modulus, ν is Poisson’s ratio (0.5 for 
a non-compressible biological sample), α is the opening angle of the cone of the 
cantilever tip, and δ is the indentation depth of the sample recorded in the force-
displacement curves. Using the results of the Hertzian model approximation, we 
identified the Z contact points (specimen surface) and elastic modulus of the spec-
imens at each pixel and produced a surface topography map and elastic modulus 
map of the specimens. 
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2.6. Statistical Analysis 

Data are expressed as means ± standard deviation (SD). Statistical significance 
was assessed using the Student’s paired and unpaired t-test with the statistical 
analysis program MEPHAS (https://alain003.phs.osaka-u.ac.jp/mephas/). A sig-
nificance level of P < 0.05 was used for all analyses. 

3. Results 

First, we investigated cell density-dependent morphological changes in the nuclei 
and actin filaments of NIH3T3 and HeLa cells. Under sparse conditions, NIH3T3 
cells had a stellate morphology with a curved periphery and actin filaments local-
ized only in the cell periphery (Figure 2(A)), whereas HeLa cells had a polygonal 
morphology with relatively clear actin filaments in the central region of the cells 
(Figure 2(B)). In the confluent state with cell crowding, cells attached to each 
other and formed mature tissues in both NIH3T3 and HeLa cells (Figure 2(C), 
Figure 2(D)). NIH3T3 cells displayed thick bundles of actin stress fibers around 
the nucleus (Figure 2(C)), whereas in HeLa cells, actin filaments were partially 
depolymerized (Figure 2(D)).  

 

 
Figure 2. Typical examples of fluorescence images of DNA (blue) and actin filaments 
(green) of NIH3T3 cells ((A), (C)) and HeLa cells ((B), (D)) in sparse ((A), (B): SPG) and 
confluent ((C), (D): CFG) culture conditions. In cell crowding (confluent), reinforcement 
of actin filament structures was observed in NIH3T3 cells (C), but actin filaments were 
partially broken in HeLa cells (D). 

 
Analysis of the nuclear morphology and Hoechst-stained DNA fluorescence in-

tensity revealed that the nuclear projected area and volume of both cell types sig-
nificantly decreased with cell crowding (Figure 3(A), Figure 3(B), Figure 3(E), 
Figure 3(F)), and the nuclear volume decrease was pronounced in the confluent 
HeLa cells (Figure 3(F)). Nuclear SI in both cell types did not change significantly 
with cell crowding (Figure 3(C), Figure 3(G)). The fluorescence intensity of 
Hoechst-stained DNA, which is an index of intranuclear DNA accumulation, did 
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not change with cell crowding in NIH3T3 cells (Figure 3(D)). In contrast, it in-
creased by approximately 20% in HeLa cells (Figure 3(H)), indicating DNA ac-
cumulation, possibly due to a pronounced decrease in nuclear volume with HeLa 
cell crowding (Figure 3(F)).  

 

 
Figure 3. Differences in the nuclear morphology and fluorescent intensity of intranuclear 
DNA of NIH3T3 ((A)-(D)) and HeLa ((E)-(H)) cells cultured under sparse (SPG) and con-
fluent (CFG) conditions. Mean + SD. N = number of analyzed cells.  

 
Figure 4 shows a representative example of cell surface topography maps and 

elastic modulus maps obtained by the AFM QI mode with a high-speed indenta-
tion test and the quantitative results of the cell surface elastic modulus. Under 
sparse conditions, both NIH3T3 and HeLa cells had relatively smooth surfaces 
with rounded elevations in the nuclear region (Figure 4(A), Figure 4(E)). The 
surface elastic modulus map of NIH3T3 cells was almost uniform over the entire 
cell surface (Figure 4(C)), indicating homogeneous mechanical properties, whereas 
sparse HeLa cells showed a fiber-like distribution with a high elastic modulus at 
the cell periphery and around the nucleus (Figure 4(G), red arrowheads). Under 
confluent conditions, both cell types displayed a more dome-like surface shape 
with dense cell tissue, but the change in their surface stiffness showed the opposite 
trend: the surface elastic modulus of NIH3T3 cells significantly increased with cell 
crowding (Figure 4(I), Figure 4(J)), especially at the cell body, which was approx-
imately 10 times higher than that of the sparse condition (Figure 4(J)). In con-
trast, the surface elastic modulus of HeLa cells decreased slightly with cell crowd-
ing, both in the cell body and in the nuclear region, but no significant difference 
was observed (Figure 4(K), Figure 4(L)). 

Finally, we investigated the changes in DNA damage and resistance to UV ra-
diation in NIH3T3 and HeLa cells by analyzing the fluorescent intensity of γ-
H2A.X (Figure 5). In the untreated control condition, γ-H2A.X was randomly 
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scattered in the intranuclear spaces of both cell types as “foci” (Figure 5(A), Fig-
ure 5(E)), which may represent the endogenous damage of DNA due to constantly 
occurring physiological DNA replication. This endogenous damage tended to be 
lower in sparse HeLa cells than in sparse NIH3T3 cells (compare Figure 5(I), Fig-
ure 5(J), black bars). The expression of γ-H2A.X foci was altered by cell crowding 
and was different in both cell types (Figure 5(B), Figure 5(F)). The expression of 
γ-H2A.X significantly decreased by approximately 15% with cell crowding in 
NIH3T3 cells (Figure 5(I), compare black and green bars), whereas it increased 
significantly with cell crowding in HeLa cells (Figure 5(J), compare black and yel-
low bars). The fluorescent intensity values of γ-H2A.X significantly increased in 
NIH3T3 cells after UV radiation, regardless of the cell density (Figure 5(C), Fig-
ure 5(D), Figure 5(I)). In contrast, the intensity values significantly decreased in 
HeLa cells under both sparse and confluent conditions after UV radiation (Figure 
5(G), Figure 5(H), Figure 5(J)). 

 

 
Figure 4. Atomic force microscopy (AFM) images of NIH3T3 ((A)-(D)) and HeLa cells ((E)-(H)) cultured under sparse (SPG) and 
confluent (CFG) conditions. The upper and lower AFM images represent cell surface topography and elastic modulus map, respec-
tively. Results of the surface elastic modulus show at the nucleus region ((I), (K)) and at cell body ((J), (L)). The red arrowheads in 
(G) indicate a linear distribution with a higher elastic value. In the CFG, cell stiffening was observed only in NIH3T3 cells ((I), (J)) 
but not in HeLa cells ((K), (L)). Mean + SD. n = number of analyzed cells. 
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Figure 5. Typical examples of fluorescent images of DNA (blue) and γ-H2A.X (yellow foci) 
of NIH3T3 ((A)-(D)) and HeLa cells ((E)-(H)). The upper and lower images represent un-
treated control cells and UV-radiated cells, respectively. Differences in fluorescent intensity 
of γ-H2A.X in NIH3T3 (I) and HeLa cells (J) cultured under sparse (SPG) and confluent 
(CFG) conditions. Cont.: untreated control cells. UV: UV-radiated cells. Mean + SD. n = 
number of analyzed cells. (*): P < 0.05. (#): P < 0.05, Cont-CFG vs. Cont-SPG. In the un-
treated control state, DNA damage in NIH3T3 cells significantly decreased with cell crowd-
ing (I) but increased in HeLa cells cell crowding (J). UV radiation-induced DNA damage 
was clearly observed in NIH3T3 cells (I) but not in HeLa cells (J). 

4. Discussion 

First, we discuss the changes in cell structure, mechanical properties, and endog-
enous DNA damage caused by cell crowding in NIH3T3 cells. Actin filaments lo-
cated at the cell periphery in sparse NIH3T3 cells (Figure 2(A)) transformed into 
thick bundles of stress fibers in the cell body surrounding the nucleus following 
cell crowding with confluency (Figure 2(C)), and the surface stiffness increased 
significantly, especially in the cell body (Figure 4(I), Figure 4(J)). Such changes 
in cell crowding caused nuclear downsizing (Figure 3(A), Figure 3(B)) and en-
dogenous DNA damage reduction (Figure 5(I), compare black and green bars), 
which may have been caused by mechanical stabilization of the nuclei due to the 
reinforced actin stress fibers around the nuclei (Figure 2(C)). The surface elastic 
modulus of cells depends on the mechanical tension of actin stress fibers [17], 
which increases with the maturation of cell-cell connections [18]. Furthermore, 
contact inhibition caused by enhanced cell-cell connections delays the cell cycle 
[19] [20]. Considering these previous studies and the results of our study, it is 
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possible that cell crowding in NIH3T3 cells provokes a significant decrease in 
DNA damage by nuclear downsizing due to the stress fiber-induced mechanical 
stabilization of the nuclei and cell cycle delay, which causes a decrease in DNA 
replication frequency. 

In contrast, in HeLa cells, partial depolymerization of actin filaments was ob-
served with cell crowding (Figure 2(D)) and cell surface stiffness did not increase 
and it tended to decrease (Figure 4(K), Figure 4(L)). Nuclear downsizing also 
occurred in HeLa cells (Figure 3(E), Figure 3(F)), the degree of which was more 
pronounced than that in NIH3T3 cells, resulting in a significant increase in DNA 
accumulation (Figure 3(H)). Consequently, endogenous DNA damage increased 
in HeLa cells (Figure 5(J), compare black and yellow bars). Although it is unclear 
why nuclear downsizing, DNA accumulation, and endogenous DNA damage oc-
curred despite HeLa cell softening with cell crowding, a mechanism specific to 
cancer cells that is different from that of normal skin fibroblasts may be involved. 
Loss of contact inhibition is a hallmark of cancer cells, and yes-associated protein, 
a transcriptional regulator that induces cell proliferation, is localized in the nu-
cleus of cancer cells [21]. Therefore, HeLa cells proliferate continuously even at 
confluency and push against each other, causing cell-cell mechanical stress and 
resulting in the disruption of actin filaments and cell softening. This reduces their 
role in protecting the nucleus from external forces, and may induce excessive me-
chanical stress in the nucleus and endogenous DNA damage. 

We also examined the changes in UV-induced DNA damage in cells. The ex-
pression of γ-H2A.X increased after UV radiation of NIH3T3 cells regardless of 
the cell density (Figure 5(I)), suggesting that the cell crowding of NIH3T3 cells 
did not suppress UV-induced DNA damage. The crowding of NIH3T3 cells, in 
this study, did not induce DNA accumulation (Figure 3(D)). Nagayama et al. [8] 
demonstrated that UV-induced DNA damage was effectively suppressed by sig-
nificant deformation of the cell nucleus using a substrate with an array of mi-
cropillars, which also induced the accumulation of intranuclear DNA. Thus, ac-
cumulation of intranuclear DNA is also a key factor in suppressing UV-induced 
DNA damage in NIH3T3 cells.  

In contrast, the expression of γ-H2A.X did not increase after UV radiation of 
HeLa cells (Figure 5(J)). Cancer cells are less sensitive to UV than normal cells [22]. 
These results suggest that the UV radiation intensity used in this study was rela-
tively weak and may not have resulted in UV-induced DNA damage in HeLa cells. 

Our study had some limitations. The influence of the cell cycle was not consid-
ered. This may result in a large variation in the fluorescence intensity of γ-H2A.X. 
Although we succeeded in quantitatively analyzing the expression of γ-H2A.X 
(Figure 1), because the DNA damage repair processes of cells are strongly de-
pendent on the cell cycle [23], cell cycle effects should be considered in future 
studies. The formation of cyclobutane pyrimidine dimers (CPDs) with conforma-
tional changes in DNA base pairs also occurs following UV radiation [24] [25]. 
Future studies should evaluate UV-induced CPDs in addition to DNA double-
strand breaks. 
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5. Conclusion 

In this study, the effects of cell density on the mechanical environment of the cell 
nucleus and cellular DNA damage resistance were investigated in NIH3T3 and 
HeLa cells, focusing on their in-tracellular structures and mechanical properties. 
Cell crowding in NIH3T3 cells induced reinforcement of actin filament structures, 
cell stiffening, and nuclear downsizing, resulting in a significant decrease in en-
dogenous DNA damage. In contrast, crowding in HeLa cells caused partial depol-
ymerization of actin filaments and cell softening, inducing endogenous DNA 
damage. UV radiation of NIH3T3 cells significantly increased DNA damage; how-
ever, the response did not change with cell crowding. In contrast, UV radiation to 
HeLa cells did not increase DNA damage in either the sparse or confluent state. 
These results suggested that cell crowding significantly influenced endogenous 
DNA damage in cells and was quite different in NIH3T3 and HeLa cells. However, 
cell crowding did not affect the UV-induced DNA damage in either cell type. 
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