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Abstract We illustrated a novel optical microscopy technigue to observe cell dynamics via spatial
light interference microscopy (SLIM). SLIM combines Zemike’s phase contrast microscopy and
Gabor’s holography. When the light passes through the transparent specimens, it could render high
contrast intensity and record the phase information from the object. We reconstructed the Breast
cancer cell phase image by SLIM and the reconstruction algorithm. Our investigation showed that
SLIM has the ability to achieve the quantitative phase imaging (QP1).

1 Introduction

Phase contrast, discovered by Zernike in 1935, it provides the ability to observe transparent or phase
objects that do not absorb or scatter light, especially living cell. Phase contrast is sensitive to optical
path-length changes, so it can reveal inner details of cells without labeling and staining™. SLIM is based
on the Zernike phase contrast which renders high contrast intensity images and reveals the intrinsic
contrast of cell structure. The accuracy of resulting topography is comparable to the atomic force
microscopy and the acquisition speed is higher®. There are various methods to observe phase objects,
such as phase contrast, dark field image, and differential interference contrast. They are widely used in
biomedical signal processing. However, they cannot provide quantitative measurement but qualitative
measurement.

Quantitative phase imaging (QPI) has become a rapidly growing area of bioresearch which maps the phase
distribution of image field®!. And it has been widely used in imaging red blood cell*®! cell growth®™",
cell refractive™, optical properties of tissue™™®. However, QP! illumination often produced speckles and
the experimental setup was too complex, which limits the deep observation of biological application, such
as living cell imaging. To overcome the shortcomings of QP mentioned above, a new method, SLIM, was
demonstrated in this paper. It mainly consisted of a commercial phase contrast microscopy and a spatial
light modulator. And the white light illumination of SLIM diminished speckle effects of traditional QPI
method.

SLIM combined with Laplace operator can reveal a highly detailed quantitative phase image in cell
structure without gradient artifacts, such as differential interference contrast microscopy or
photo-bleaching and photo-toxicity limitation in fluorescence microscopy™. Combining SLIM with
fluorescence imaging provides a unique method for studying cell cycle-dependent growth™, and it is an
easy method to measure the growth rate of individual adherent cells of various conditions. SLIM can be
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used for instantaneous spatial light interference microscopy which combines the berefits of white light
illumination in Zernike’s phase contrast microscopy and phase stability associated diffraction phase
microscopy™®. And static iSLIM, Dynamic iSLIM, RGB iSLIM are all presented in the reference. SLIM
could provide clinically relevant parameters for red blood cell analysis with unprecedented detail and
sensitivity ™. SLIM would set the basis for novel high-throughput topography and refractometry of
man-made and biological nanostructures™™®. By measuring the system point-spread function and the
modeling of coherent image formation in SLIM, it was found that the resolution and contrast of living cell
images were significant improved™®.

The SLIM presented in this paper consisted of a commercial phase contrast microscopy and a spatial light
modulator. We measured the phase of breast cancer cell to prove that SLIM could achieve quantitative
phase imaging, and to lay a foundation for studying breast cancer cell dry mass. Female breast is
composed of skin, fibrous tissue, mammary glands and fat composition. In the late 1970s the global breast
cancer incidence showed linear growth trend. Breast cancer cells do not have some normal cell
characteristics, and the connections between the cells are loose, which make the breast cancer cells easily
to shed. Once the cancer cells shed, they can be transferred with the blood or lymph disseminated the
whole body. At present, breast cancer has become one of the most severe threats to the health among
common tumors. Thus studying breast cancer cells has a significance meaning.

2 SLIM Setup and Principle
2.1Experimental Setup

Fig.1 showed the schematic of instrument setup. The system combined Olympus 1X73 commercial phase
contrast microscopy with Holoeye spatial light modulator. The basic principle of SLIM is that the
scattered light intervenes with unscattered light after the light passes through the sample. A phase ring
provides a m/2 phase shift between scattered light and unscattered light, which is in the back focal plane of
the objective. Then a liquid crystal phase modulator on the back focal plane was used to import phase shift.
We recorded 4 intensity images with 4 different phases, which are 0, n/2, , 3n/2, respectively. Therefore
the quantitative phase map of the sample can be uniquely determined by 4 intensity images.

halogen lamp
filament
green filter

collector lens

polarizer

conderser lens

CMOS
s 200 fourier
specimen lens 1

objective "\ f=200

phase ring™

i

 \1

prism

=500 F=500_ ~  J=500
lens adjustable  Fourier
pupil lens 1
SLIM module

Figure.1 Experimental setup™”. A lamp filament was projected onto a condenser annulus, which was
located in the front of focal plane of the condenser. We added a Olympus color filter (431F550-W45) to
eliminate the halo effects and improve the quality of image before the condenser. The central wavelength
was 550nm. We used a lens and two 500mm lenses guide the light into SLM to make the phase grating
modulate the scattered and unscattered light. A 20 x/0.45 objective was used here. At last, a 200mm
Fourier lens was used to guide the light into CMOS.
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2.2 Principle

The principle of SLIM can be found in reference ), and is summarized as follows. When light passes the
sample, one portion of light remains scattered and contains the structure information of sample, and the
other portion of light remains unscattered and forms a uniform background of the image. Here Uy(X, y)
denotes scattered light, U, denotes unscattered light, and I(X, y; ¢) denotes the light intensity accepted by
the CCD, which can be expressed as equation (1).

(X, Y @) = [Uo[ 4]0, (%, W) +2|U,[|U, (%, y)|cos[Ap(x, y) + @] 1)

Ao(x, y) in equation (1) is the phase difference betweenUy(x, y) and Uy, and ¢ is the additional phase
modulation introduced by SLM. Ag(x, y) can be expressed as equation (2).

1(X,y;3712)—1(x,y;7/2)
1(X,y;0) = 1(x, y; 7) } (2

o(x, y) in equation (1) is the phase delay associated with the auto-correlation function, and can be
expressed as equation (3), where a(x, y) is defined as the ratio of |U;| and |U,|.

Ap(x,y) = tan’{

a(x, y)sin(Agp(Xx,y)) 3)
1+ a(X, y)cos(Ap(X,Y))

Thus, together with equation (1) (2) (3), we can get the quantitative phase image associated with sample.
Moreover, the local refractive index, used to calculate the sample mass, can be retrieved from equation (4),
where no-n is the local refractive index contrast between surrounding culture medium and sample, h is the
local thickness of the sample, and A is the central wavelength of the illumination light.

p(X,y) = tan‘l[

h(x.y)
[

o) =[xy -k @

3 Data Analysis

We placed the MCF-7 breast cancer cells with 10% FBS added in DMEM buffer and incubated for three
days at 37 °c, 5% carbon dioxide incubator. The average size of breast cancer cells was 13um. Figure 2
presented the MCF-7 breast cancer cells under the microscope. Figure 3 showed four phase rings, and the
corresponding phase were 0, /2, , 3n/2. Figure 4 showed the images recorded by CCD corresponding to
0, /2, m, and 3n/2 phase.

Figure.2 The MCF-7 breast cancer cells under the microscope.

0 0.5n X 1.5=n

Figure.3 The phase rings respectively were 0, n/2, 7, 3n/2.
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Figure .4 The images recorded by CCD corresponding to 0,m/2,x, 3r/2 phase.
Then the breast cancer cell phase can be reconstructed using equation (2), and the quantitative phase
image of breast cancer cell was shown in Figure 5.

Figure .5 The quantitative phase image of Breast cancer cell.

4 Summary and Outlook

SLIM uses common interferometry, which enables temporally sensitive optical path-length measurement
and provides speckle-free images. It will be widely used to extract the quantitative and nanoscale
information about cell density, which can be used to demonstrate the physiological activity and status of
individual cells, or reveal the heterogeneity between normal Breast cells. Meanwhile, SLIM also plays an
important role in the studies on cellular differentiation and pathology, as well as early clinical diagnosis
and treatment.

This paper took advantage of the ability of SLIM, which combines commercial microscopy and spatial
light modulator, to reconstruct the guantitative phase image of Breast cancer cell, and obtained Breast
cancer single-cell biophysical characterization. However, because of the noise introduced by the culture
environment, the error of the system was larger than intrinsically allowed by the optical instrument. Thus
more effort is needed to diminish the system error and improve the quality of quantitative phase image
further.
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