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Abstract

Objective: The aims of this study were to investigate the usefulness of color evaluation of the nuclear region 
using visible-microscopic spectroscopy (Vis-MS) and to clarify whether it can serve as an index to distinguish 
cancer cells in liquid-based cytology (LBC). Vis-MS is a spectral analysis technique widely used for absorption and 
fluorometric analyses in the analytical chemistry field. Vis-MS has been applied to histological diagnosis, but only a 
few studies on its application to cytology have been performed, and no investigations have been performed for LBC, 
which is expected to become widely used in Japan. Study design: Using culture cell lines of non-cancer cells and 
cancer cells, transmittance at 530 nm (maximum absorption wavelength of eosin), 580 nm (hematoxylin), and 630 
nm (light green), and 530 nm/580 nm and 630 nm/580 nm transmittance ratios were analyzed. 

Results: Two variances of the transmittance at 580 nm and 630 nm/580 nm transmittance ratio were 
finally extracted as effective items after applying forward and backward variance selection and investigation of 
multicollinearity. The odds ratios of 580 nm transmittance and 630 nm/580 nm transmittance ratio were 0.48 and 
0.72, respectively. The cancer cell discrimination predictive value determined using the logistic regression equation 
was 98.0%, being favorable. 

Conclusion: It was suggested that Vis-MS is useful to evaluate the color of the nuclear region and serves as a 
cancer cell discrimination index for LBC. We are planning to apply Vis-MS to clinical materials and develop nuclear 
color evaluation using Vis-MS into an objective index for cases in which cancer cell judgment is difficult.
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Introduction
Visible-microscopic spectroscopy (Vis-MS) is a spectral analysis 

technique widely used for absorption [1] and fluorometric [2] analyses 
in the analytical chemistry field. The solvent of most samples of Vis-
MS is an aqueous solution, and only a few studies with materials of 
histological diagnosis [3,4] and cytology [5] have been performed. 
Regarding the staining method used for Vis-MS, studies on Feulgen’s 
reaction and staining with hematoxylin alone [6-9] have been 
performed, but only a few studies have been performed for unstained 
samples and Papanicolaou staining [10]. 

Liquid-based cytology (LBC) is expected to become widely used 
in Japan. Using a residual LBC sample remaining in a vial, additional 
tests (immunocytochemistry and gene analysis) can be performed, 
increasing the diagnostic accuracy [11-16]. However, increased staining 
intensity of the nuclear chromatin and nuclear size reduction in LBC 
samples may make cancer cell judgment difficult in well-differentiated 
adenocarcinoma lacking atypia [17-22]. 

Conventionally, the color density of the nuclear region of cancer 
cells has been an important diagnostic factor. Generally, however, 
color evaluation of this region is subjective and varies widely among 
observers. Major characteristics of Vis-MS are: 1) It represents the 
color of the nuclear region by dispersing and redifferentiating it as 
continuous wavelengths in the visible light range (400-700 nm), and 2) 
it expresses the color density of the nuclear region as the transmittance 
of each continuous wavelength. Using Vis-MS, color evaluation of the 
nuclear region of cancer cells is expected to become more detailed and 

objective, improving the precision of discrimination between cancer 
and non-cancer cells.

The objectives of this study were to investigate the usefulness of 
color evaluation of Papanicolaou-stained nuclear regions using Vis-
MS and to clarify whether it can serve as a cancer cell discrimination 
index for LBC. The goal for the future is to apply evaluation of the color 
of the nuclear region using Vis-MS to clinical cases in which cancer cell 
discrimination is difficult and to establish an objective index for cancer 
cell judgment using Vis-MS. 

Material and Methods
Cultured cells used for LBC

For non-cancer-derived cells, 2 cell lines: human skin fibroblasts 
(NHDF) [23] and African green monkey kidney-derived cells (COS-7) 
[24], were used. For cancer cells, 4 cell lines: human lung cancer cells 
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(A549) [25], human breast cancer cells (MCF-7) [26], human colon 
adenocarcinoma cells (LS-180) [27], and human gastric cancer cells 
(KATOIII) [28], were used. 

One milliliter of trypsin-treated culture fluid containing cultured 
cells (1×106/mL) of each cell line was combined with 9 mL of LBC 
solution, ThinPrep PreservCyt Solution (ThinPrep, HOLOGIC), and 
the 10-mL suspension was left to stand overnight. 

Sample processing for UV-MS was as follows: Each suspension 
was distributed into cups (5 mL per cup) and directly smeared on slide 
glasses by centrifugation (Cyto-Tec Cytocentrifuge Model CF-127, 
Sakura, Japan) at 1,500 rpm for 2 minutes, followed by wet fixation 
with 95% ethanol for 30 minutes and standard Papanicolaou staining. 

Lambert-Beer law in Vis-MS 

Light absorption and absorption analysis using Vis-MS in the 
analytical chemistry field were applied to LBC. Data were collected 
following the principle of light absorption in analytical chemistry, the 
Lambert-Beer law. 

The principle of absorbance measurement is measurement of the 
amount of light absorbed when monochromatic light passes through 
a sample. A sample at a concentration of c (c mM) is added to an 
absorption cell. When the intensity of monochromatic light with an 
intensity of I0 becomes I after passing through the cell with an optical 
path length, l, 

0

I
I  represents transmittance and is designated as T. When 

this is presented as a percentage (%), it is termed percent transmittance 
and designated as T %. 

0

log
I
I

−  is termed absorbance and designated as 

A. Accordingly, absorbance is formulated as:

0

log log IA T cl
I

ε= − = − = .                                                    (2.1)

ε represents the extinction coefficient. Absorbance is proportionate 
to the passage distance of the light and the concentration of the solution 
(Lambert-Beer law). 

Excluding a few exceptions, absorbance is measured for the total 
concentration of different chemical species because of the additive 
property of absorbance. The absorbance of a sample containing n active 
absorbance values is presented by the equation below: 

10
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n

i i
i

IA dl c
I

ε
=

= − = ∑ .                                                                  (2.2)

Using multifunctional software for spectroscopy (Ocean Photonics, 
Japan), percent transmittance, T%, was measured on the assumption 
that this equation is established. 

Vis-MS apparatus 

Vis-MS was performed using a Vis-MS apparatus developed by 
Hirosaki University Graduate School of Health Sciences, and the light 
source and spectroscope were defined [10]. For the intermediate filter 
of the light source of Vis-MS, a Vis-mirror module was set, through 
which only visible light (400-700 nm) can be selected from the broad 
continuous wavelength range of the light source lamp. Since a high-
performance cold mirror is used for the Vis-mirror module, unnecessary 
heating can be completely inhibited, resulting in an extremely low level 
of stray light. The nuclear measurement area to acquire a spectrum was 
set at 166.4 μm2 (12.9 × 12.9 μm) in all measured cells. This area was 
mostly fitted into the nucleus. To confirm the absence of a difference in 
the nuclear area/measured area ratio between non-cancer and cancer 

cells, the area of the analyzed nucleus was measured in 10 cells, and the 
area ratio was compared between 20 non-cancer and 40 cancer cells 
(60 cells in total). 

Acquired image and wavelength data, and correction 
wavelength

Vis images on Vis-MS were acquired using image acquisition 
software (Basico, CLARO, Japan) in Bitmap format. Generally, 
a color perceived by humans is presented as the maximum 
absorption wavelength of the color. The color perceived by humans 
is complementary colors of the maximum absorption wavelength. 
The color of Papanicolaou staining includes 530 [29], 560-580 [6-
8,29], and 630 nm [30] as the maximum absorption wavelengths of 
eosin, aluminum-mordanted hematoxylin, and light green SF dyes, 
respectively. 

In a Papanicolaou-stained nuclear region, the total absorbance of 
these dyes (additive property of absorbance) is measured (equation 
2.2). 

Data correction with 580 nm transmittance 

Generally, a color is presented as the maximum absorption 
wavelength of the color, or numerically presented using a 
spectrophotometer. However, in samples with multiple staining, such 
as those stained with Papanicolaou and hematoxylin-eosin (HE), the 
spectral absorbance has to be interpreted as absorbance of the total 
concentration of the dyes based on the additive property of absorbance 
(equation 2.2) [31]. In this study, setting the baseline at the absorbance of 
the maximum absorption wavelength of hematoxylin dye, 580 nm, the 
ratio of the absorbance of the maximum absorption wavelength of each 
dye to the baseline was used as a corrected value for standardization, 
that is, the intensities of eosin and light green dyes were presented 
as the 530 nm/580 nm and 630 nm/580 nm transmittance ratios, 
respectively. A high 530 nm/580 nm transmittance ratio indicates that 
the transmittance at 530 nm (purplish-red) relative to that at 580 nm 
(purple) is high, that is, the color tone is bright purplish-red, and a high 
630 nm/580 nm transmittance ratio indicates that the transmittance at 
630 nm (blue/green) relative to that at 580 nm (purple) is high, that is, 
the color tone is bright blue/green. The use of these corrected values is 
advantageous in that the additive property of absorbance in multiple 
stained samples can be corrected, which enables expression of the color 
tone. Nuclear dye was measured in 50 cells of each cell line, 300 cells in 
total: 100 non-cancer-derived cells and 200 cancer cells. 

In the data on this nuclear color analysis: 1) transmittance 
represents brightness of the absorption wavelength, and 2) a corrected 
value represents color tone of the wavelength. 

Statistical analysis

The means and standard deviations of transmittance at wavelengths 
of 530, 580, and 630 nm in non-cancer and cancer cells were calculated. 
Similarly, the means and standard deviations of 530 nm/560 nm and 
630 nm/580 nm transmittance ratios were calculated. After testing 
the normality of distribution of each data set in the non-cancer and 
cancer cells using the Shapiro-Wilk test, the significance of differences 
between the non-cancer and cancer cells was tested as follows: 

When the distribution was not normal, the Mann-Whitney U 
test was employed. When the distribution was normal, equality of 
variances was tested in each sample using Levene’s test. The t-test and 
Welch’s test were used to test the significance of differences when the 
variance was equal and unequal, respectively. These statistical analyses 
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were performed using statistical analysis software, SPSS 16.0j. 

Factors influencing predictive cancer cell judgment were analyzed 
using binomial logistic regression analysis [32]. A logistic regression 
model is a method to analyze the relationship between objective and 
explanatory variances, regarding a binary variance as an objective 
variance. For example, a binary variance represents data assigning D=0 
to a non-cancer cell and D=1 to a cancer cell. In the logistic regression 
model, the probability that this binary variance is 1 (D=1) is designated 
as p. Probability p is explained with explanatory variances, such as the 
260 nm and 280 nm transmittance values, in this model. In a binominal 
logistic regression model, when the number of explanatory variances is 
k [x=(x1, x2, …xk)] for logit of probability p, these are related by the 
following functions: 

á â â â1 1 2 2

( )log
1 ( ) k k

p x x x x
p x

= + + + ⋅⋅⋅+
−

á â â â
1 1 2 2

1
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The ratio of occurrence probability, p(x), to non-occurrence 
probability, 1-p(x), is termed the odds, and its natural logarithm is 
termed the logit of probability p(x). Therefore, the logistic regression 
model is intended to explain the logit of probability of an event with 
explanatory variances. 

Regarding multicollinearity that destabilizes the logistic regression 
model, variances with a Spearman’s rank correlation coefficient r>0.8 
between explanatory variances were excluded. In addition, univariate 
logistic regression analysis was performed in consideration of the 
relationship of a cancer cell (D=1) with each variance. For the selection 
of explanatory variances, forward and backward variance selection 
using the likelihood ratio test was employed. Goodness of fit of the 
logistic regression equation was analyzed using the likelihood ratio 
test. In the residual test, when the absolute value was greater than the 
studentized residual by 2, the value was regarded as an outlier. These 
statistical analyses were performed using statistical analysis software, 
Ekuseru-Toukei 2012 (Social Survey Research Information Co., Ltd.). 

Results
Papanicolaou-stained non-cancer-derived and cancer cells

Figure 1 shows Papanicolaou-stained non-cancer-derived and 
cancer cells and the measured areas. The cell appearance pattern was 
scattered with poor connectivity in all non-cancer-derived cells: NHDF 
(Figure 1a) and COS-7 (Figure 1b), and cancer cells: LS-180 (Figure 
1c), Kato-III (Figure 1d), MCF-7 (Figure 1e), and A549 (Figure 1f). The 
cell shape was round/oval. The nucleus:cytoplasm ratio (N/C ratio) was 
high (about 80-90%). The nucleus was round/oval, and 1 or 2 small 
nucleoli were noted. Regarding the color of the nucleus of each cell, 
the intensity of purple was stronger in cancer cells than in non-cancer-
derived cells. Regarding the color tone to distinguish non-cancer 
and cancer cells, it is difficult to express the cytological findings with 
purplish-red and bluish-purple tones, other than purple. 

Vis-MS spectral analysis of non-cancer-derived and cancer 
cells

The nuclear area measured in the images of Papanicolaou-stained 
cells and the ratio of the nuclear area to the Vis-MS measurement 
area (nuclear area/measurement area ratio) are compared between 

non-cancer and cancer cells in Table 1. The ratios were 1.13 ± 0.22 
and 1.10 ± 0.21 in non-cancer and cancer cells, respectively, showing 
no significant difference. The nuclear area was slightly larger than the 
measurement area in both non-cancer and cancer cells. 

The results of Vis-MS spectral analysis are shown in Table 2. The 
values corrected with the transmittance ratio of non-cancer and cancer 
cells are shown in Figure 2. The 580 nm transmittance was significantly 
lower (high intensity of purple) in cancer cells (27.4 ± 6.7%) than 
in non-cancer cells (51.5 ± 9.3%) (p<0.001). The 530 nm/580 nm 
transmittance ratio was significantly higher (pale red) in cancer cells 
(109.1 ± 6.5%) than in non-cancer cells (95.2 ± 4.2%) (p<0.001), and 
the 630 nm/580 nm transmittance ratio was significantly lower (dark 
blue/green) in cancer cells (45.7 ± 7.7%) than in non-cancer cells (64.2 
± 8.6%) (p<0.001). 

Prior to binomial logistic regression analysis, a variance with a 0.8 
or greater correlation coefficient of covariance-variance matrix between 
explanatory variances is deleted because it has multicollinearity. In 
the analysis of Spearman’s rank correlation coefficient (Table 3), the 
correlation coefficient between the 580 nm transmittance and the 530 

Figure 1: Papanicolaou-stained cells by LBC
Non-cancer cells: NHDF (a), COS-7 (b); cancer cells: LS-180 (c), MCF-7 (d), 
A549 (e), Kato-III (f).
The color of the nucleus of each cell, the intensity of purple was stronger 
in cancer cells than in non-cancer-derived cells. Regarding the color tone 
to distinguish non-cancer and cancer cells, it is difficult to express the 
cytological findings with purplish-red and bluish-purple tones, other than 
purple. Non-cancer-derived and cancer cells were similar with regard to 
many of the points in the above cellular findings. 
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nm/580 nm transmittance ratio was r=-0.66 (p<0.01), that between the 
580 nm transmittance and the 630 nm/580 nm transmittance ratio was 
r=0.79 (p<0.01), and that between the 530 nm/580 nm and 530 nm/580 
nm transmittance ratios was r=-0.51 (p<0.01), being r<0.8, clarifying 
that measurements between the variances are useful for the analysis. 
The discrimination predictive value of each variance is determined, and 
a variance with a low value is excluded. The results of univariate logistic 
regression analysis are shown in Table 4. On the likelihood ratio test, 
the p-values of 580 nm transmittance, 530 nm/580 nm transmittance 
ratio, and 630 nm/580 nm transmittance ratio were less than 0.001, 
and the discrimination predictive values were also high (95.7, 92.0, 
and 88.7, respectively), showing that these were useful as explanatory 
variances for this analysis. 

Accordingly, the following 3 conditions were candidates for 
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Figure 2: Comparison of the division of 580 nm transmittance ratio on 
Papanicolaou-stained cultured cells (n=300)
Non-cancer cells: NHDF, COS-7; cancer cells: LS-180, MCF-7, A549, Kato-III.
The 530 nm/580 nm transmittance ratio was significantly higher (pale red) in 
cancer cells (109.1±6.5%) than in non-cancer cells (95.2 ± 4.2%) (p<0.001), 
and the 630 nm/580 nm transmittance ratio was significantly lower (dark 
blue/green) in cancer cells (45.7 ± 7.7%) than in non-cancer cells (64.2 ± 
8.6%) (p<0.001).

binomial logistic regression analysis of Vis-MS analysis to distinguish 
non-cancer and cancer cells: 1) The 580 nm transmittance and the 530 
nm/580 nm transmittance ratio are regarded as explanatory variances, 
2) the 580 nm transmittance and the 630 nm/580 nm transmittance 
ratio are regarded as explanatory variances, and 3) the 530 nm/580 nm 
and 630 nm/580 nm transmittance ratios are regarded as explanatory 
variances, and analyses were performed using analysis software. 
Analysis with Condition 1) was discontinued during the analysis 
using software due to an error: ‘inverse matrix of Fisher information 
matrix is absent on the 47th repetitive estimation’. In Condition 3), 
all values were corrected with the 580 nm transmittance. Since we 
wanted to include transmittance expressing brightness and intensity 
of color in the variances, this condition was excluded. As a result of 
the above process, finally, binomial logistic regression analysis with the 
580 nm transmittance and the 630 nm/580 nm transmittance ratio as 
explanatory variances was performed. 

The results of binomial logistic regression analysis are shown in 
Table 5. The 580 nm transmittance (p<0.001) and the 630 nm/580 nm 
transmittance ratio (p<0.001) were selected as factors influencing the 
predictive judgment of cancer cells. The likelihood ratio test result 
of the regression equation was P<0.001, showing a favorable fit. The 
odds ratios of the 580 nm transmittance and the 630 nm/580 nm 
transmittance ratio were 0.48 (95% confidence interval: 0.34-0.67) and 
0.72 (95% confidence interval: 0.59-0.87), respectively. None of these 
95% confidence intervals was 1, and the discrimination predictive value 
of the predicted and measured value was 98.0%. On the residual test, 
outliers with a studentized residual exceeding 2 accounted for only 
0.3%. The logistic function is shown below, and it was clarified that the 
cancer cell probability (p) of the measured cell can be determined using 
the following equation. 

1 2
1 2

1( ) [580 ] [630 / 580%]
1 exp( 41.19 0.73 0.33 )

p x x nm x
x x

= = =
+ − + +

Discussion
In terms of the characteristics of LBC, the cell distribution is 

homogeneous, the nuclear size is slightly reduced, and the nucleus 
is intensely stained. These characteristics tend to make cancer cell 
judgment difficult in well-differentiated adenocarcinoma lacking atypia 
[16-21]. According to the cellular findings in our study, non-cancer-
derived and cancer cells were similar with regard to many of the points, 
and differentiation of them was difficult. Discrimination between 
non-cancer and cancer cells used to be difficult with LBC procedure 
(Figure 1). In conventional methods, it is difficult similarly. However, 
using Vis-MS, redifferentiation of the color of the nuclear region and 
quantification of the density became possible, allowing more accurate 
and objective judgments. As a result, a logistic regression model (R 
square: 0.92) to calculate the probability of a cell being cancerous could 
be obtained. Thus, we investigated the usefulness of evaluating the color 
of the nuclear region using Vis-MS to discriminate cancer and non-
cancer cells. In nuclear color evaluation using Vis-MS, light that passed 

Non-cancer 
cells (n=20)

Cancer cells 
(n=40) p-value*

Nuclear area (μm2) 188.3 ± 36.6 183.8 ± 35.6 0.461
Nuclear area/

measurement area ratio 1.13 ± 0.22 1.10 ± 0.21 0.461

*Mann-Whitney U test

Table 1: Comparison of the ratio of nuclear area/measurement area between 
non-cancer and cancer cells.

Non-cancer cells (n=100) Cancer cells
(n=200) P-value

Wavelength (nm) Transmittance (mean ± SD%)

530 49.3 ± 10.3 29.9 ± 7.1

< 0.001*580 51.5 ± 9.3 27.4 ± 6.7
640 33.3 ± 8.6 12.8 ± 4.7

Correction Division value (mean ± SD%)

< 0.001*530/580 ratio 95.2 ± 4.2 109.1 ± 6.5
630/580 ratio 64.2 ± 8.6 45.7 ± 7.7
*Mann-Whitney U test

Table 2: Comparison of the transmittance measured using the Vis-MS and the 
division of 560 nm values between non-cancer and cancer cells.

530 nm 580 nm 630 nm 530/580 
rate

630/580 
rate

530 nm 1.0 0.98 0.95 -0.53 0.78 
580 nm 0.98 1.0 0.97 -0.66 0.79 
630 nm 0.95 0.97 1.0 -0.63 0.91 

530/580 ratio -0.53 -0.66 -0.63 1.0 -0.51 
630/580 ratio 0.78 0.79 0.91 -0.51 1.0 

*Spearman’s rank correlation coefficient

Table 3: Estimated Covariance Matrix of the Estimated Coefficients in Table 2.
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through the nucleus was split, and the spectrum of transmittance at 
each visible light wavelength was employed, which led to objective data 
being obtained. Biesterfeld et al. [9] acquired nuclear spectra of uterine 
cervical squamous cell carcinoma cells using Feulgen’s reaction, simple 
hematoxylin staining, and Papanicolaou staining, but the DNA level 
could not be measured in simple hematoxylin- and Papanicolaou-
stained cells. Some studies reported that Feulgen’s reaction was 
useful for cancer cell judgment [5-10], but such judgment based on 
Papanicolaou-stained nuclear color analysis has not been reported. 

In our analytical data, using not only transmittance but also the 
ratio of transmittance at each wavelength to that at 580 nm, which is 
a corrected variance representing the color ratio, it was clarified that 
dark green compared with purple and pale red compared with purple 
are useful to discriminate cancer cells. The interpretation of these color 
ratios was also applicable for cancer cell judgment of cells containing 
pale chromatin (pale purple). However, judgment of the color ratio by 
the human eye may be difficult. 

The interpretation of nuclear color depends on the property of 
the staining dye. In Papanicolaou-stained nuclei, basic components 
(such as DNA) are stained with hematoxylin, and acidic components 
(such as proteins) are stained with eosin and a light green dye. Upon 
staining with a single dye, transmittance represents the brightness 
based on the maximum absorption of the dye. Measurements at the 
maximum absorption wavelengths, of 580 and 530 nm, are sufficient 
for simple staining with hematoxylin and eosin, respectively. However, 
Papanicolaou staining involves multiple staining, and the nuclear 
spectrum represents the total concentration of nuclear dyes due 
to the additive property of absorbance (equation 2.2). Specifically, 
Papanicolaou staining involves multiple staining with hematoxylin, 
OG-G, and EA-50. Therefore, the nuclear spectrum on Papanicolaou 
staining reflects the total absorbance of these dyes due to the additive 
property. Thus, correction of the transmittance of the maximum 
absorption wavelength of each dye in the measured spectrum is 
necessary because of the influences of the other dyes. We determined 
the ratio of the maximum absorption wavelength of each dye to that 
(580 nm) of hematoxylin dye as a corrected value and employed it as 
a variance. This is a unique characteristic of this study not noted in 

previous studies. For eosin and light green dyes, 530/580 and 630/580 
nm ratios were employed as corrected values, respectively. A high 
530/580 nm ratio indicates an intense purplish/red tone compared with 
purple, the color of hematoxylin. A high 630/580 nm ratio indicates 
intense bluish-purple. Color tone can be expressed using these 
standardized corrected values, which is an advantage of this method. 

When these findings of the spectral wavelengths were converted to 
the color of the nuclear region, it was clarified that, to predict cancer 
cells, it is useful to pay attention to a high intensity of purple (low 560 
nm transmittance, p<0.001), an intense green color compared with 
purple (low 630 nm/580 nm transmittance ratio, p<0.001), and a pale 
red color compared with purple (high 530 nm/580 nm transmittance 
ratio, p<0.001). As an objective method to identify an unknown cell 
as a cancer cell or not, binomial logistic regression analysis of the 580 
nm transmittance and the 630 nm/580 nm transmittance ratio on Vis-
MS was useful (equation: R2: 0.92, discrimination predictive value: 98% 
(p<0.001)) (Table 5). 

These findings suggest that evaluation of the color of the nuclear 
region using Vis-MS is useful to judge cancer cells on LBC. This 
method is objective and accurate, and suggested to be useful for cancer 
cell judgment of cultured cell lines. This analytical method employing 
Vis-MS applicable for LBC is expected to become widely used. We are 
planning to apply this nuclear color evaluation method employing Vis-
MS to clinical materials and establish an objective index to identify 
cancer cells in cases that are difficult to judge. 
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