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Uncertainty in cell confluency measurements
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Abstract—Pharmaceutical industries have declared their need
of metrology in the cellular field, to improve new drugs
developing time and costs by high-content screening technologies.
Cell viability and proliferation tests largely use confluency of
cells on a bi-dimensional (2D) surface as a biological measurand.
The confluency is measured from images of 2D surface acquired
via microscopy techniques. The plethora of algorithms already in
use aims at recognizing objects from images and identifies a
threshold to distinguish objects from the background. The
reference method is the visual assessment from an operator and
any objective uncertainty estimation is not yet available. A
method to estimate the image analysis contribution to confluency
uncertainty is here proposed. A maximum and a minimum
threshold are identified from a visual assessment of the free edge
of the cells. An application to a fluorescence microscopy image of
2D of PT-45 cell cultures is reported. Results shows that the
method can be a promising solution to associate an uncertainty to
cell confluency measurements to enhance reliability and
efficiency of high-content screening technologies.

Keywords—Cell Confluency; Image analysis; Measurement
Uncertainty; High Throughput Screening; Drug development.

I. INTRODUCTION

High-content screening (HCS) technologies strongly
support cell-based imaging assays, e.g., such as automated
immunostaining, automated image acquisition and automated
image analysis [1]. Assays are constantly under development to
improve, make faster and simplify the data analysis. As clearly
stated by Xia and Wong [2], HCS is considered a “cellular
image-based  high-throughput screening” (HTS): the
combination of HTS and microscopy led to the HCS
technology which allows automated acquisition and analysis of
data coming from cell behaviors which are highly informative
about what it is happening in the cell culture [2, 1, 3]. In a
HCS, each single cell is specifically and fluorescently stained
to be analyzed at a sub-cellular level (micrometer resolution)

[4].

HCS are widely adopted in drug development and
discovery, toxicology analysis on cell models, research on
infectious diseases and in cell biology basic research. In
addition, it is a promising methodology for personalized
medicine and stem cells research [4, 2, 3]. HCS allow quick
evaluation of the effects of thousands of molecules on cells and
provide starting points for drug design and for understanding
the interaction or role of particular biochemical processes [5].
Cell morphology, cell proliferation, cell migration are only
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some of the aspects being studied in phenotypic screening for
cellular pathways, cell functions and biological mechanism by
adopting the cell image analysis of HCS technology [2, 6, 7].

Automated cell image analysis is employed for several
research purposes: to measure single cell and colony shape,
density, size, location, co-localization, texture, intensity and
several other features in cell culture [8, 9]; to measure the cell
morphometry in bone growth in vivo studies [10]; to analyze
cell migration in living cells in culture [11]; to analyze the
biomarker distribution in tumor cells [12]; to detect the
presence of tumor cells in tissue samples [13]: to measure HIV
particles neutralization performed by neutralizing antibodies
[14].

In the cell image analysis, confluency of cells on a bi-
dimensional (2D) surface, i.e., the fraction of surface area
occupied by cells, is a measurand easily defined and realized
that account for several complex features of cell model in
culture, such as biological effect of a molecule under
examination. It is know that variability in cell confluency can
affect the HTS and HCS analysis [15]. Reproducible
confluency may assure a reproducible generic activity of cells
as a reproducible reference initial condition for assays.

Cell confluency is measured in cell cultures to monitor the
cell growth during a treatment and to modulate the subculture
in 2D and 3D cell culture [16, 17, 18, 19], to perform toxicity
tests with chemical or drug treatment at a certain cell
confluency % [20, 21], to measure tumor cell proliferation in
vitro [22], in drug development to find cytoplasm abnormalities
discriminating between areas with cells (occupied by cells) and
areas no cells (background) [3]. Cell confluency has been
found to affect the expression of cell surface markers in studies
on murine stem cells [23], to have effect on the cell stiffness
[24], intracellular forces [25] and on the cell cycle [26], to have
a critical impact in gene expression in adipose stromal cells
[27]. Cell confluency is the first visual assessment in drug
discovery and toxicology screening, where HTS and HCS are
applied: cells seeded at an initial number, should not be over or
sub-confluence in order not to lose genetic or physiological
characteristics to analyzed [28].

The confluency measurement is obtained through analysis
of images acquired via microscopy techniques [3, 9]. HCS
integrates fluorescence microscopy and algorithms for image
analysis to automate cell analysis [6]. This allows to obtain
confluency measurement as the first and easiest parameter from
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where collect information on the cell model system behavior
over time. The automated image analysis aims at recognizing
objects and typically identifies a single threshold value to
distinguish objects (foreground) from the background, an
extremely wide range of algorithms is available [29, 30].

To date, the operator's experience in visual assessment of
images remains the most reliable reference for confluency
quantification in the totality of developed algorithms and an
objective estimation of measurement uncertainty has not yet
been taken into account. An uncertainty evaluation of the cell
confluency measurement can give a strong support to the need
of having fast results with low number of repetitions.
Uncertainty sources for confluency measurement come from
both image acquisition and image analysis depending on their
methods and methodologies.

The pharmaceutical industries have declared their need of
metrology in the cell-based assays field, in order to improve
reliability and comparability of results, reduce the number of
the tests, narrow the time from discovery to the marketing of
new drugs and limit costs [31]. HCS are expected to develop
more and more in the next future thanks to improved
algorithm, and detection methods [6]. An effective way to
improve algorithms is the knowledge about their robustness as
accuracy and reproducibility of results. Confluency
measurement uncertainty is here considered as a contribution to
improve HCS technologies efficiency. The stakeholders and
end-users of the confluency measurement have not officially
declared a target uncertainty and the typical step of a traditional
visual assessment (5-10%) can be considered as a reference
value for actual uncertainty.

This work proposes a method for the estimation of the
contribution of the image analysis to the uncertainty of the
confluency measurement. The method identify an uncertain
area by the visual assessment of the free edge of cells and the
quantification of a maximum threshold value and a minimum
threshold value. Its application to images, acquired in
fluorescence microscopy, of 2D cell cultures of PT-45 cells
(pancreatic carcinoma cell line) is reported. It can be a
promising solution to associate an uncertainty to cell
confluency measurements to enhance the high-content
screening technologies reliability and efficiency.

II. MATERIALS AND METHODS

A. 2D cell cultures

Human pancreatic carcinoma cell line PT-45 from primary
tumor (provided by Institute for Cancer Research, Candiolo,
Italy) are ZsGreenl positive showing an emitted fluorescence
at 505 nm when excited at 493nm from the whole cytoplasm.
Cells were grown in Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% Fetal Bovine Serum (FBS),
2 mM glutamine, 0.0625 mg/ml of penicillin, and 0.1 mg/ml
streptomycin (Sigma-Aldrich). Cells were maintained at 37°C
in a humidified atmosphere with 5% CO,. Cells were seeded in
3 Petri dishes at the cell density of 5, 10 and 20x10° cells/cm®
to obtain a low (L) medium (M) and high (H) cell confluency
(fig. 1). Cells were maintained at 37°C in a humidified
atmosphere with 5% CO, for 24 hours before imaging.

B. Cell image acquisition

An optical microscope (Zeiss Axio Observer.Z1) with a
black and white, high resolution digital CCD camera (Olympus
XM10, 1.4 megapixel, 14 bit) was used to image the cells.
Images were recorded under uniform illumination in a bright
field, using objectives %10, to produce images at x100 apparent
magnification. Mercury vapor lamp was used as the
illumination source. Digital images were collected with the
Axio Observer.Z1 Software. Images were captured in high-
quality format, corresponding to an image of 16 bit with an
exposure time ranging from 200 to 500 milliseconds. Each
image was acquired at five different focal planes with z defined
by the operator using the software of Axio Observer.Z1. The
five focal planes were chosen for each image as follow: the
right focal plane (the best focus seen by the operator’s eye),
“0”, two at “0 = 5 um” and other two at “0 + 10 um”. For all
images, intensity was scaled on 16 bit integer between max and
min fluorescence intensity to limit images variability. On each
dish, three different zones were sampled.

Fig. 1. Fluorescence microscopy images PT-45 living cells at low (L) medium
(M) and high (H) cell density (Samples 2) at best focus.

C. Confluency and uncertainty calculation

The confluency was defined as the fraction of pixels in the
image foreground, i.e., the ratio between the number of pixel
attributed to foreground and the number of pixel in the whole
image.

1)  Visual Assessment

A visual assessment was performed on each image to
identify the free edges between cells and background. The
intensity of the pixel and its belonging or not to a form due to a
cell were considered to discriminate between background and
foreground. Contrast was modified to enhance edge visibility.
A binary map from each image identifies foreground (white)
and background (black) pixel sets. Three independent visual
assessments were repeated three times.
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Fig. 2. Confidence to not have background pixels at the fluorescence intensity
level for sample HI1.

2)  Threshold value
A minimum intensity and a maximum intensity were
identified as upper and lower threshold value limit respectively.



Below the lower threshold, the confidence to not have
foreground pixels is greater than 95% pixels. Over the upper
threshold considers the confidence to not have background
pixels is greater than 95% pixels (ref. Fig. 2). The fraction of
foreground pixel at each fluorescence intensity level was
considered as an estimation of the confidence to not have
background pixels at the intensity level. Intersections between
binary map sets and iso-intensity sets identify the fraction in
each set at the intensity level. A minimum number of pixels at
each intensity level was ensured by the wideness of intensity
assigned to the level to have a meaningful evaluation of
confidence.

3)  Uncertainty of confluency

The edge of contour that separates foreground (cells) from
the background was considered as a subset of boundary, i.e., a
subset of the set of pixels with intensity between upper and
lower threshold value. The pixels belonging to the boundary
were considered of uncertain assignment when a single
threshold is used to discriminate foreground from background.
The pixel with scaled intensity over the upper threshold were
considered to belong to the foreground. The pixel with scaled
intensity below the lower threshold were considered to belong
to the background. The uncertainty was calculated as type B, as
indicated in [32], assuming a normal distribution of the pixel
belonging to the edge contour and a 95% membership to the
edge boundary.

4)  Confluency.
The confluency fraction definition was realized in different
ways as calculation method for the most probable free edge:

1. Visual Assessment, the fraction of foreground pixels in the
binary map of visual assessment;

2. Mean Area, the mean between the fraction of foreground
pixels in the image and the complement to one of the
fraction of background pixels in the image (double
threshold);

3. Mean Threshold, the fraction of pixels with intensity larger
than the mean intensity between upper and lower
threshold value (single threshold);

4. Median Threshold, the fraction of pixels with intensity
larger than the intensity at 50% confidence (single
threshold).

Reproducibility for each calculation method was calculated
as type B, as indicated in [32], assuming a uniform distribution
on the range. The uncertainty due to calculation method was
calculated for each image as type B, as indicated in [32],
assuming a uniform distribution on the range. The variability of
confluency and its uncertainty due to focus plane variation was
calculated as type B, as indicated in [32], assuming a uniform
distribution on the range. Significant index values of
calculation method and variability contribution to uncertainty
were calculated for each image as a ratio between squared
contributions [33].

III. RESULTS:

The method has been applied to images, acquired in
fluorescence microscopy, of 2D cell cultures of PT-45 living
cells (pancreatic carcinoma cell line). The intensity was scaled
on minimum to maximum fluorescence intensity range at 16 bit

integers to harmonize image acquisition. Background average
level in the flat zones was the same for all the scaled images.

A. Threshold levels

For each image, a visual assessment to identify the surface
area covered by cells was performed and resumed in a binary
map. As a first result, the free edges between cells and
background are under the 3% of maximum intensity. Scaled
fluorescence intensity levels at 5%, 50% and 95% confidence
are reported in Table I for each confluency level as a mean of
all samples. Fluorescence threshold values are different even if
the background has similar intensity level in the flat zones.
Mean lower threshold and median intensity have similar
values at all confluency level while upper threshold have a
higher variability. At high confluency, the variability of
threshold values is very high. Median intensity value shows the
lowest variability at any confluency level.

TABLE I. MEAN THRESHOLD VALUES FOR SCALED FLUORESCENCE
INTENSITY (16 BIT INTEGER) AND THEIR RELATIVE VARIABILITY

Threshold | Confidence icaled intensi;ly (\% ariabilityb)'
lower 5% 330 (28%) | 270 (19%) | 240 (84%)
median 50% 460 (31%) | 390 (12%) | 510 (71%)
upper 95% 780 (64%) | 520 (14%) | 940 (93%)

Level of confluency; low (L); medium (M); high (H). (Samples 1, 2, 3).

B. Reproducibility of assessment

Independent operators performed and repeated confluency
reference visual assessment. Confluency reproducibility was
calculated for visual assessment. The results for images at low
(L) medium (M) and high (H) confluency (Samples 1) are
showed in Table II. The calculation of confluency by visual
assessment on images is reproducible at around 10% (L1), 5%
(M1) and 3% (H1) relative reproducibility. The calculation
method by mean area (double threshold) showed worse
reproducibility at all confluency levels. The calculation
method by median threshold (single threshold) showed the
best reproducibility at all confluency levels.

TABLE II. CONFLUENCY MEAN VALUES (C) AND ITS EXPANDED
REPRODUCIBILITY (Ur K=2) FOR A SINGLE IMAGE AT THE BEST FOCUS
Calculation L1 M1 HI
method C Ur C Ur C Ur
Visual 10.4% | 0.9% | 32.3% | 1.5% | 87.5% | 3.0%
Mean Area 10.8% | 1.5% | 37.6% | 2.3% | 86.7% | 7.2%
Mean Threshold 85% | 0.7% | 28.7% | 1.4% | 85.2% | 6.8%
Median Threshold | 9.3% | 0.9% | 29.4% | 1.1% | 88.2% | 1.0%

Level of confluency; low (L); medium (M); high (H). (Samples 1).

C. Uncertainty of realization of confluency definition

The visual assessment estimation is here considered as a
reference value. The four calculation methods are different
ways to realize the definition of the confluency and are a
source of uncertainty [32]. Uncertainty of calculation was
evaluated for each visual assessment, Mean, min and max
expanded contribution to uncertainty (k=2) of the way to define



the most probable free edge and its relevance compared to total
calculated uncertainty are reported in Table III. The different
ways to calculate confluency produce a relevant spread of
values. The relevance of the contribution is lower than 20%, on
the whole range of confluency (same order of magnitude of the
total uncertainty) and gives a relevant contribution to total
uncertainty (Is>10%). The uncertainty and its variability are
higher for medium confluency where the length of free edge is
larger.

TABLE III. REALIZATION OF THE DEFINITION OF CONFLUENCY.
UNCERTAINTY (Uy) AND SIGNIFICANT INDEX (Is) OF ITS CONTRIBUTION TO
TOTAL UNCERTAINTY

L M H

Uy mean (k=2) | 1.0% | 62% | 1.9%
Uwm min (k=2) 03% | 3.7% | 02%
Up max (k=2) 1.7% | 10.7% | 5.0%
Is max 18% 19% 17%

Level of confluency; low (L); medium (M); high (H). (Samples 1,2,3).
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Fig. 3. Samples at low (L) medium (M) and high (H) level of confluency (Samples 1). Images of cells acquired with the camera; maps of the visual evaluation of
surface covered by cells (white); three classes images: Background (black) Foreground (gray) and Boundary (white) with the algorithm implemented.

D. Uncertainty of a single threshold

The attribution of pixels with scaled intensity in between
the lower and upper thresholds to background or foreground
was considered uncertain for a single threshold confluency
calculation. Absolute and relative expanded uncertainty (k=2
to give the 95% coverage of the range) are reported in Table
IV for the nine samples. Expanded uncertainty resulted to be
higher than the typical step in visual assessment of
confluency, i.e., 5-10% for medium confluence. Relative
expanded uncertainty resulted to be between 15% and 30%
at low confluency, higher than 35% at medium confluency
and lower than 10% at high confluency.

Figure 3 shows the visual representation of the results for
low medium and high confluency (Sample 1). The scaled
images acquired with the microscope camera, the map of the
visual identification of cell surface and the three zone images
(background black; foreground gray; boundary white) are
reported for each sample.

TABLE IV. UNCERTAINTY (Ur) AND RELATIVE UNCERTAINTY (U1/C) OF
CONFLUENCY (C) FOR PIXEL ATTIBUTION BY A SINGLE THRESHOLD

Ut (Ur/C) (k=2)
Sample
L M H
1 3.1% (30%) 11.4% (35%) 7.8% (9%)
2 3.0% (27%) 24.5% (53%) 5.1% (5%)
3 1.2% (14%) 21.4% (53%) 5.8% (6%)

Level of confluency; low (L); medium (M); high (H). (Samples 1,2,3).

E. Focal planes effects

The effects of focal plane position on confluency and single
threshold uncertainty were investigated. Confluency at best
focus and its expanded variability due to the variation of
focus plane are reported in Table V for low medium and
high confluency (Samples 1). The significant index of
variability is lower than 2% on the whole range of



confluency, it means that wvariability is not relevant
(Is<10%) and not negligible (Is>1%).

TABLE V. 20 uM FOCUS PLANE VARIATION. BEST FOCUS VISUAL
ASSESSMENT CONFLUENCY, ITS EXPANDED VARIABILITY (Up), ITS RELATIVE
VARIABILITY (Up/C) AND SIGNIFICANCE INDEX (Is) OF VARIABILITY
CONTRIBUTION TO TOTAL UNCERTAINTY

L1 M1 H1
C (Best focus) 10.4% 32.3% 87.5%
Ur (U/C) (k=2) | 0.3% (3%) | 1.6% (5%) | 1.0% (1%)
Is 1% 2% 2%

Level of confluency; low (L); medium (M); high (H). (Samples 1).

The uncertainty of attribution for a single threshold method
was calculated for the three confluency levels from the
images taken at different focal plane in zone 1 of each dish
(Samples 1). Results are reported in Table VI. The
variability of uncertainty is not relevant (Is<10%) on the
whole range of confluency.

TABLE VI. FOCUS PLANE VARIATION. SINGLE THRESHOLD UNCERTAINTY
(Ur), ITS EXPANDED VARIABILITY (DUt) AND SIGNIFICANCE INDEX (Is) OF
VARIABILITY CONTRIBUTION TO THRESHOLD UNCERTAINTY

Focal plane L1 M1 H1
-10pm 27% | 12.5% | 6.3%
-5um 29% | 10.4% | 6.7%
Best focus | 3.2% | 12.0% | 6.8%
+5um 3.0% | 9.1% | 7.1%
+10um 2.8% | 12.7% | 6.6%
dUr (k=2) 03% | 2.1% | 0.4%

Is 1% 4% 1%

Level of confluency; low (L); medium (M); high (H). (Samples 1).

IV. DISCUSSION

The proposed algorithm calculate the uncertainty due to a
single intensity level taken as threshold limit associated to a
visual assessment, taken as a reference method. The
reproducibility of visual assessment, the variability of the
realization of confluency definition (corresponding to the
most probable free edge between foreground and
background), the variation of focal plane during image
acquisition were considered as sources of uncertainty. The
typical step of a traditional visual assessment (5-10%) can be
considered as a reference value for actual uncertainty. The
reproducibility of visual assessment was lower than the
typical step. The uncertain attribution of pixels at the most
probable scaled intensity (single threshold) gave the most
relevant contribution to the total uncertainty for all images
and visual assessments. The calculation method gave limited
contribution to the total uncertainty for the most of
assessments it gave a relevant contribution. The focal plane
variation gave a not relevant contribution for both
confluency value and single threshold uncertainty over the
whole range of confluency. The uncertainty at medium level
of confluency resulted to be higher of the typical step of a
traditional visual assessment, while at low and high levels it
resulted to be lower but close. Bias for threshold
identification is not considered in this approach. The
identification of the threshold value is often based on

analyses of pixel intensity distribution that is performant
when edges are well defined; the risk of biases is very high
in the context here considered.

V. CONCLUSION

The typical approach of confluency calculation
algorithms is the identification of an intensity threshold value
that separate background from foreground, the proposed
algorithm provides an upper and lower limit associated to a
visual assessment, taken as a reference method. The
algorithm calculate the uncertainty due to a single intensity
level taken as threshold. It proposes a solution to the problem
of assigning an estimate uncertainty to an analysis of
confluency, to enhance reliability of measured values. The
algorithm for the uncertainty estimation was tested on the
whole range of confluency; it provided values in any
conditions, i.e., it was efficient, values were correct, i.e., it
was robust. The probability to have a correct estimation of
the confluency uncertainty due to a single correct threshold
value is high, i.e., the algorithm is reliable.

Routine biological analysis can easily embed the
approach to compare visual assessment and automatic
algorithms. The method has currently a part of visual
assessment that requires the intervention of an operator. The
automation of this part would allow the use of this algorithm
for automatic analysis of HSC. The identification of free
edges and multilevel approaches to confluency measurement
could be much more effective than threshold approach,
reducing pixel attribution uncertainty and the risk of biases.
The representation of uncertainty as a numerical value and as
the image of free edge of cells can simplify the
understanding in multidisciplinary approaches where
knowledge from different backgrounds are mixed in one
team.

REFERENCES

[1] M. Gétte , G. Hofmann , A. Michou-Gallani , J. F. Glickman,
W. Wishart and D. J. Gabriel , "An imaging assay to analyze
primary neurons for cellular neurotoxicity” Neurosci
Methods, vol.192, pp.7-16, 2010.

[2] A. Xia and S. T. Wrong, "Concise review: a high-content
screening approach to stem cell research and drug discovery"
Stem cells, vol.30, pp.1800-1807, 2012.

[3] J.Alonso-Padilla, I. Cotillo, J. Cantizani and J. Presa,
"Automated High-Content Assay for Compounds Selectively
Toxic to Trypanosoma cruzi in a Myoblastic Cell Line" PLoS
Negl Trop Dis, vol. 9, 2015

[4] D. Taylor, "Past, present, and future of high content screening
and the field of cellomics" Methods Mol Biol, vol.356, pp.3-
18, 2007.

[S] M. T. Bickle, "The beautiful cell: high-content screening in
drug discovery" Anal Bioanal Chem, 398, 219-26, 2010

[6] A.H. Gough and P. A. Johnston, "Requirements, features and
performance of high content screening platforms" Methods
Mol Biol., vol.56, pp.1-61, 2007.

[71 R. Gonzalez, L. L. Jennings and M. Knuth, "Screening the
mammalian extracellular proteome for regulators of
embryonic human stem cell pluripotency" Proc Natl Acad Sci
USA, vol.107, pp.3552-3557, 2010.

[8] B.R. Gorman, J. Lu, N. C. Lowry, J. E. Purvis and A. Baccei
et al., "Multi-Scale Imaging and Informatics Pipeline for In



Situ Pluripotent Stem Cell Analysis" PLoS ONE, vol.9,
pp-3116037, 2014.

[9] V. Ljosa and A. E. Carpenter , "Introduction to the
Quantitative Analysis of Two-Dimensional Fluorescence
Microscopy Images for Cell-Based Screening" PLoS Comput
Biol, vol.5, 1000603, 2009.

[10] M. Ascenzi, X. Du, J. I. Harding, E. N. Beylerian, B. M. de
Silva, B. J. Gross, H. K. Kastein, W. Wang, K. M. Lyons and
H. Schaeffer, "Automated cell detection and morphometry on
growth plate images of mouse bone Appl Math (Irvine), vol.5,
pp.2866-2880, 2014.

[11] M. E. Berginski, S. J. Creed, S. Cochran, D. W. Roadcap, J.
E. Bear and S. M. Gomez, "Automated analysis of
invadopodia dynamics in live cells" Peer], vol.2, e462, 2014.

[12] C. Bithnemann, S. Li, H. Yu, H. Branford White, K. L.
Schéfer, A. Llombart-Bosch, 1. Machado, P. Picci, P. C. W.
Hogendoorn, N. A. Athanasou, J. A. Noble, and A. B. Hassan,
"Quantification of the Heterogeneity of Prognostic Cellular
Biomarkers in Ewing Sarcoma Using Automated Image and
Random Survival Forest Analysis" PLoS ONE, vol.9,
e107105, 2014.

[13] L. Duan, T. Marvdashti, A. Lee, J. Y. Tang and A. K.
Ellerbee, "Automated identification of basal cell carcinoma by
polarization-sensitive ~ optical ~ coherence = tomografy"
Biomedical Optics Express, vol.5, pp.3717-3729, 2014.

[14] E. Sheik-Khalil, M. A. Bray, S. Ozkaya, G. Scarlatti, M.
Jansson, A. E. Carpenter, E. M. Fenyo, "Automated image-
based assay for evaluation of HIV neutralization and cell-to-
cell usion inhibition" BMC Infectious Diseases, vol.14,
pp-472,2014.

[15] M. E. Digan, C. Pou, H. Niu and J. Zhang, "Evaluation of
Division-Arrested Cells for Cell-Based High-Throughput
Screening and Profiling", Journal of Biomolecular Screening,
vol.10, 2005.

[16] Baradez M-O and D. Marshall, "The Use of
Multidimensional Image-Based Analysis to Accurately
Monitor Cell Growth in 3D Bioreactor Culture" PLoS ONE,
vol.6, €26104, 2011.

[17] N. Jaccard, R. J. Macown, A. Super, L. D. Griffin, F. S.
Veraitch, and N. Szita, "Automated and Online
Characterization of Adherent Cell Culture Growth in a
Microfabricated  Bioreactor" Journal of Laboratory
Automation, vol.19, pp.437-443,2014.

[18] D. F. E. Ker, L. E. Weiss, S. N. Junkers, M. Chen, Z. Yin, M.
F. Sandbothe, S.-il Huh, S. Eom, R. Bise, E. Osuna-Highley,
T. Kanade and P. G. Campbell, "An Engineered Approach to
Stem Cell Culture: Automating the Decision Process for Real-
Time" PLoS ONE, vol.6, €27672, 2011.

[19]T. Y. Nguyen, C. G. Liew, and H. Liu, "An In
VitroMechanism Study on the Proliferation and Pluripotency
of Human Embryonic Stems Cells in Response to Magnesium
Degradation" PLoS ONE, vol.8, 76547, 2013.

[20] S. Ahmadian, J. Barar, A.A. Saei, M.A.A. Fakhree, and Y.
Omidi, "Cellular Toxicity of Nanogenomedicine in MCF-7
Cell Line: MTT assay" JoVE, vol.26, 2009.

[21] K. R. Jaiswal, H.-W. Xin, A. Anderson, G. Wiegand, B. Kim,
T. Miller, D. Hari, S. Ray, T. Koizumi, U. Rudloff, S. S.
Thorgeirsson, and I. Avital, "Comparative Testing of Various
Pancreatic Cancer Stem Cells Results in a Novel Class of
Pancreatic-Cancer—Initiating Cells" Stem Cell Res., vol.9,
pp-249-260, 2012.

[22] E.J. Al-Saeedi, P.M. Mathew and V.A. Lugmani,
"Assessment of Tracer 99mTc(V)-DMSA Uptake as a

Measure of Tumor Cell Proliferation In Vitro" PLoS ONE,
vol.8, e54361, 2013.

[23] P. Anderson, A. B. Carrillo-Galvez, A. Garcia-Perez, M.
Cobo, and F. Martin, "(Endoglin)-Negative Murine
Mesenchymal Stromal CellDefine a New Multipotent
Subpopulation ~ with  Distinct  Differentiation  and
Immunomodulatory Capacities" PLoS ONE, vol.8, 76979,
2013.

[24] Y.M. Efremov, A.A. Dokrunova, D.V. Bagrov, K.S.
Kudryashova, O.S. Sokolova and K.V. Shaitan, "The effect of
confluency on cell mechanical properties" Journal of
Biomechanics, vol.46, pp.1081-1087, 2013.

[25] S.S. Hur, J.C. del Alamo, J.S. Park, YS Li, H.A. Nguyen, D.
Teng, K.C. Wang, L. Flores, B. Alonso-Latorre, J.C. Lasheras
and S. Chien, "Roles of cell confluency and fluid shear in 3-
dimensional intracellular forces in endothelial cells" PNAS,
vol.109, pp.11110-11115, 2012.

[26] O. Hayes, B. Ramos, L.L. Rodriguez, A. Aguilar, T. Badia
and F.O. Castro, "Cell confluency is as efficient as serum
starvation for inducing arrest in the GO/G1 phase of the cell
cycle in granulosa and fibroblast cells of cattle," Animal
Reproduction Science, vol.87, pp.181-192, 2005.

[27] S. Ghosh, H. Yanfen and L. Rong, "Cell Density is a Critical
Determinant of Aromatase Expression in Adipose Stromal
Cells" J Steroid Biochem Mol Biol, vol.118, pp.231-236,
2010

[28] M. Cho, T. Cho, J. M. Lim and J. Cho, "The establishment of
mouse embryonic stem cell cultures on 96-well plates for
high-throughput screening," Mol.Cells, pp.456-461, 2013.

[29] E. C. Metz, "Receiver operating characteristic analysis: a tool
for the quantitative evaluation of observer performance and
imaging systems" Journal of the American College of
Radiology, vol.3, n.6, 2006.

[30] KW Eliceiri, MR Berthold, IG Goldberg, L Ibafiez, BS
Manjunath, ME Martone, RF Murphy, H Peng, AL Plant, B
Roysam, N Stuurman, N Stuurmann, JR Swedlow, P
Tomancak, AE Carpenter, “Biological imaging software
tools” Nat Methods, vol.9, pp.697-710, 2012.

[31] A.F. Hoffman and R. J. Garippa, "A pharmaceutical company
user's perspective on the potential of high content screening in
drug discovery" Methods Mol Biol, vol.356, pp.19-31, 2006

[32] JICGM100:2008, "Guide to the Expression of Uncertainty in
Measurement JCGM100:2008 — GUM 1995 with minor
corrections.," ISO, 2008.

[33] G. Sassi, A. Demichelis, M. Sassi, “Uncertainty analysis of
the diffusion rate in the dynamic generation of VOC
mixtures”, Measurement Sci.Technol.,, vol.22, pp.105104,
2011.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


