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A System and Method For Mapping the Distribution
of Normal and Abnormal Cells in Sections of Tissue

Field of the Invention
The present invention relates to a system and methods for determining

the heterogeneity of cells in tissue samples. More specifically, the present invention de-
scribes a system and methods for determining the disfribution and location of normal
and abnormal cells at the surface, or anywhere in a contiguous piece of tissue sample,
or in separate cells disposed on a suitable substrate.
Background of the Invention

, Cancer, and a cure for it, are at the forefront of medical research through-
out the world. However, the efficacy of treating cancer has 'changed little in the last four
decades. Some of the daunting issues with regard to cancer are that there are many dif-
ferent types and each has its own characteristics. Moreover, many of these different
types of cancer are being diagnosed more frequently as the population ages.

The cost of treating cancer on a case-by-case basis is staggering. Much
of this cost is reflected by the high technology approaches being used now to treat can-
cer, such as bone marrow transplantation. It has been found, however, that the overall
treatment cost for cancer can be drastically reduced if the cancer is detected early, or at
a pre-cancerous state, when it is more susceptible to treatment.

When cancer is identified at the earliest stages, for example prior to its
invasion of tissue, it is generally treatable. To illustrate, the advantage of finding tumors
while they are small is that they can be completely removed surgically. However, as the
primary tumor grows in size, there are local extensions away from it and the ability of
the surgeon to remove all the tumor and diseased tissue decreases drastically. Therefore,
the smaller the tumor, the more likely the success in treating it.

In determining how to treat a particular cancer, it is also important to
stage (or grade) it, at the microscopic level, in tissue removed at the time of surgery.
The purpose of examining the resected tissues in this way is to determine, at the micro-
scopic level, the extent of the local spread of the cancer, whether the margin between
the resected cancerous mass and the presumably healthy tissue that is left behind is free

of cancer, and/or whether there is spread of cancer cells to regional lymph nodes. The
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2.

microscopic level examination of tissues removed in surgery is an index of whether or
not cancer cells have spread beyond the primary cancerous mass and the cancer is likely
to grow again, either locally or at distant sites.

The microscopic examination of cancerous tissue and the tissue sur-
rounding it that is believed normal tissue, hopefully will provide information-as to
whether there is local extension of the primary cancerous mass. This examination also
provides a road map to determine which tissue in the patient may still be affected. The
microscopic examination of lymph node tissue in the area around the cancerous mass,
that typically is resected with the cancerous mass, is a factor in determining the success
of the surgery and the therapy to subsequently treat the patient.

For example, in colon cancer, which is the second most common cancer
in the United States and the developed world, the prognosis for success is directly relat-
ed to the extent to which cancer cells penetrate the luminal surface of the colon into (or
through) the colon wall. For a given depth of cancer cell penetration into the colon wall,
the prognosis degrades as the number of regional lymph nodes with cancer cells increas-
es. The relationships between the local extent of cancer and post-surgery prognosis ap-
ply to most cancers, e.g., breast, prostate, head, and neck cancer. As such, the staging
of cancer by microscopic level examination of tissues removed during surgery is anim-
portant part of the medical treatment of cancer patients.

Prese_ntly, the staging of cancer is performed by microscopic level exam-
ination of the removed tissue. This method does not provide sufficient accuracy to pre-
dict the likelihood that cancer has spread beyond the immediate site of the primary
tumor. Thus, it does not provide assurance that all the cancer cells have been removed
from the patient. Obviously, there needs to be a practical way to obtain such informa-
tion.

There is only a general relationship between prognosis and the extent of
the local extension of cancers; however, this relationship is not absolute. Frequently, lo-
cal and/or distant (metastatic) recurrences of cancers occur in patients whose tissue sec-
tions have margins that appear free of cancer cells as do the regional lymph nodes. The
inability to properly stage cancer based on examination of the removed tissue results in

the cancer cure rates being quoted in terms of long-term survival, e.g., 5 or even 10
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years of disease free time after surgery.

Pathologists who examine the removed tissue have no adequate means
to determine whether all the cancer was in fact removed from the patient. Moreover,
they do not have a method to accurately stage the tissue that they have. In attempts to
derive the needed accuracy for the staging process, pathologists have developed mor-
phologic criteria to hopefully enhance the accuracy of predicting the biologic behavior
of cancers. This process was intended to distinguish between small, apparently con-
tained cancers that will not recur and those cancers that will recur. The prediction of re-
currence of the cancer is based of the morphology of the cancer cells and how they are
organized. This method for predicting the outcome also has not been successful.

The classification of cancer cells on the basis of their content of DNA
and other biochemical measurements of cancer cells have not augmented significantly
the predictive value of examining resected cancer tissues. As such, one of the conun-
drums of oncology and pathology is the well-known phenomena that some cancers be-
have aggressively to kill the patient while others that appear very similar, which may be
found in the same organ, behave in a relatively benign way, i.e., they do not recur after
the primary cancerous mass is removed.

Once surgery is completed to remove a cancerous mass, it normally is
believed that no more cancerous tissue or cells remain. However, there is a high proba-
bility that all the cancer cells have not been removed; therefore, all post-surgical pa-
tients may be treated .as if they still have cancer cells in their body. This is the case even
when a pathology report of the resected tissue suggests that this is not so. The result of
this is that a number of patients are treated unnecessarily with toxic dnigs because phy-
sicians do not know how to identify the exact patients who have cancer cells remaining
and who do not.

The poor predictive power of pathological examination of resected tis-
sue may be founded on the fact that there are features of the growth and spread of cancer
that are not understood. Moreover, it also may be founded on the fact that the currént
methods of pathology, which entail the subjective, microscopic examination of stained
sections of tissues removed from patients, have proven to be incapable of identifying

with any significant degree of accuracy whether or not cancer cells are present in tis-
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sues.

Cancer is a disease that evolves in a staged process. This is shown in Fig-
ure 1. In Figure 1, normal cell 100 will evolve to cancer cell 110 after going through
dysplastic stage at 104 and neoplastic stage at 108. The cells at 104 refer to cells that
have minimal changes due to pre-cancer. The neoplastic grade at 108 refers to cells that
have moderate stages of pre-cancer. Such diagnoses alert the clinician that pre-bancer

exists and that some type of treatment of the pre-cancer is needed to cure the condition

and prevent the ultimate evolution of frank cancer. As would be understood, the identi-

fication of the developmental precursors to cancer cells would present the early detec-
tion of cancer. Treatment of cancer at this stage would prevent the evolution of these
cells to frank cancer. Unfortunately, current technologies for detecting early stages of
pre-cancer are neither sensitive nor specific.

As indicated, microscopic examination of tissues can fail to detect can-
cer cells. Moreover, current techniques of microscopic level examination of cells and
tissues also can fail to detect cells that are intermediate stages of the evolution of normal
cells to frank cancer.

The medical community has known for a long time the type of informa-
tion that is needed to make more accurate and earlier diagnoses of cancer in examining
tissue and cells. However, what has not been dealt with is how to obtain this information
in an efficient and cost effective manner.

Reseérch has established that the presence or absence of disease in cells
and tissues is based on whether molecules are normal in-structure and whether a normal
distribution of molecules is present in a given type of cell. This has led physicians to
recognize that accurate diagnoses of disease may be based on a gathering and an eval-
uation of information at the molecular level in cells. As such, it has now become essen-
tial to perform molecular level analysis to diagnose diseases, like cancer, at early stages
for the accurate detection of specific types of disease through the examination of cells
and tissues. |

There are two approaches to obtaining molecular level information re-
garding the presence or absence of disease in cells. The first uses molecular probes that

search chemically for specific abnormal molecules. The second is to test for normal and



WO 98/30873

10

15

20

25

30

PCT/US97/23995
-5-

abnormal molecules by measuring their interactions with electromagnetic radiation.
The latter method is referred to as spectroscopy.

Spectroscopy has some advantages over the use of chemical or molecu-
lar probes in that spectroscopy can make measurements without prior knowledge of the
exact type of abnormality present. Further, results from spectroscopy may be obtained
faster than when probes are used. It also has been surmised that vibrational spectrosco-
py is the most useful type for examination contemplated in the present invention. How-
ever, vibrational spectroscopic techniques have not been used for diagnosing disease.

Having resolved that vibrational spectroscopic techniques are useful for
diagnosing disease, it becomes necessary to provide a method to practically apply those
techniques. In order to apply vibrational spectroscopic techniques, it is principally nec-
essary to understand the spectral characteristics of the cells that are being analyzed.

Normal tissue contains many different types of cells. Each type of cell
performs a different function. Abnormal tissue will contain a heterogeneous population
of abnormal cells and normal cells The abnormal cells are derived from the tissue itself
or are cells that are not normally found in the tissue. An example of cells that are present
in tissue that were not derived for that tissue are inflammatory cells which may accu-
mulate in or around cancerous tissue, or metastases of other cancers.

Cells acquired from a region of tissue may contain several cell types, and
thus, such a sample will not be homogeneous. The heterogeneity of this sample may re-
sult in spectral infonhalion which is not indicative of the information that is potentially
available from a single cell because any spectral analysis will involve the average of
spectra of different types of cells or the spectra of cells with non-cellular elements in
the tissue. Similarly, information about a disease encoded within the molecules of a sin-
gle cell that is mixed with a heterogeneous population of other isolated cells will aiso
suffer degradation of the information by the averaging of spectra over a range of differ-
ent types of cells. Therefore, the achievement of the desired accuracy through the use
of vibrational spectroscopy will depend on collecting spectra from small elements in tis-
sue that are known to be homogeneous.

It is then possible to map tissue elements by illuminating small areas, or

pixels, of tissue sections using an infrared microscope, one pixel at a time. However,
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this method is time consuming, labor intensive, and requires a skilled operator to move
the focus of the microscope to adjacent areas of a sample. Noting these problems, there
is a need of a system and method that will permit the collection of spectral data at rela-
tively high speed from many contiguous areas, or pixels, of a tissue sample simulta-
neously and that will map the distribution of abnormal and normal cells in a tissue
sample.

mim f ntion

The present invention is a system and method for mapping the distribu-
tion of abnormal and normal cells in a tissue sample and for analyzing the spectral in-
formation acquired from such cells. The map will provide the location and an
identification of abnormal and normal cells in a tissue sample. The system and method
permit the automatic collection and analysis of data collected so that a diagnosis of tis-
sue may be made.

The present invention is used for working, for example, with sections of
tissue cut from blocks of tissue obtained by biopsy. The present invention also may be
used for cell-by-cell or multicell examination of a sample obtained by aspiration or any
other exfoliation method. |

The system and method of the present invention permit the continuous
automated collection of data with regard to the presence or absence of diseased cells,
pre-neoplastic cells, or normal cells at a given site in a section of tissue. This is accom-
plished according to the following steps. First, IR spectral data are collected simulta-
neously for each cell or pixel of the tissue. Next, these data are analyzed by identifying
the cell types encountered in the sample by comparing them with reference data sets for
healthy and diseased cells. Finally, a false color map of the distribution and location of
different types of cells in the tissue section is presented that permits assessment of the
prevalence of diseased cells.

An object of the present invention is to provide a system and method for
determining the distribution and location of abnormal and normal cells in a tissue sam-
ple.

Another object of the present invention is a system and method for de-

termining the distribution and location of abnormal and normal cells in a tissue sample
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using vibrational spectroscopy.

A further object of the present invention is a system and method to de-
termine the distribution and location of abnormal and normal cells in a tissue sample in
an automated manner using vibrational spectroscopy that generates spectra of the ex-
amination of each cell or number of cells.

These and other objects of the invention will be described in detail in the
remainder of the specification referring to the drawings. |
Brief Description of Drawings

Figure 1 is a diagram of Scheme I for the development of frank cancer.

Figure 2 is a stack plot and a linear tissue map for normal epithelium.

Figure 3 is a stack plot and a linear tissue map for dysplastic tissue.

Figure 4 is a tissue map of the low frequency region in the second tissue
map shown in Figure 3.

Figure 5 is a stack plot and a linear tissue map for a tissue with carcino-
ma-in-situ.

Description of the Invention

The present invention has demonstrated that the failure of traditional
methods of pathology to predict the outcome of cancer may be overcome by improved
methods for detecting cancer in resected tissues. The present invention permits the de-
tection of otherwise undetectable cancer cells that remain after surgery. The recurrence
of cancer at sites disﬁmt from the primary cancer, in patients with so-called negative or
normal regional lymph nodes, in large part is due to the presence of undetectable cancer
cells in the regional nodes. These methods will enhance the accuracy of staging the state
of development of cancer in a given patient. This, in turn, enhances the clinician’s abil-
ity to determine the extent of cancer at the time of surgery to prognosticate more accu-
rately in given patients post-operatively, and to make the best possible decisions for
treating individual patients.

The present invention is a system and method for mapping the Jocation
of abnormal and normal cells in a tissue sample, or a sample of exfoliated cells, so that
accurate analysis of the presence or absence of disease in such cells can take place. Ac-

cording to the present invention, sections of tissues cut from blocks of tissue obtained
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by biopsy are examined. The examination is either cell-by-cell, or groups of cells in tis-
sue, or large numbers of detached cells, such as exfoliated cervical cells. In either case,
the method yields maps of the locations of the cells, and an identification of the cells
using vibrational spectroscopic techniques (infrared multichannel microscopy or Ra-
man multichannel microscopy).

The system and method of the present invention permit the continuous
automated collection of data with regard to the presence or absence of diseased cells,
pre-neoplastic cells, or normal cells at a given site in a section of tissue. This is accom-
plished, as described above, by collecting simultaneously for each cell or pixel of the
tissue, the infrared or Raman spectral data and by identifying the cell types encountered
in the sample by comparing them with reference data sets for healthy and diseased cells.
Finally, a false color mapping of the distribution of different types of cells in the tissue
section is presented that permits assessment of the prevalence of diseased cells. In car-
rying out the present invention, a Fourier transform infrared spectrometer is used. This
spectrometer is attached to an optical microscope that focuses an infrared beam on a
sample of tissue in order to provide the method for collecting a vibrational spectrum in
the mid-infrared or the near infrared region. In the remainder of the specification, Data
Acquisition, Determination of Dysplasia, and Data Presentation according to the
present invention will be discussed separately. Lastly, specific examples of the present
invention will be discussed.

Data Acquisition

Pursuant to the present invention, infrared mapping of the tissue or cell
sample is achieved via a simultaneous data acquisition procedure that uses an infrared
array detector. A linear, rectangular, or quadratic infrared array detector containing be-
tween 50 and 1000 detector elements may be used for data acquisition. These array de-
tectors may have pixels measuﬂng about 30 pm on edge. The image of the tissue sample
may be focused with or without magnification onto the array detector, depending on the
spatial resolution desired. |

Each pixel of the array detector is exposed simultaneously to infrared ra-
diation that has passed through a section of tissue. The infrared radiation passing
through the tissue is intensity modulated by the interferometer before impinging on the
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pixels of the array detector. A detector element of about 30 um x 30 yum in size corre-
sponds to the size of large cells; thus, in a direct imaging system (without magnification
or demagnification), a tissue section of about 1 mm x 1 mm can be analyzed in one ex-
posure with single cell spatial resolution.

The issues involved with data sampling now will be discussed. In gen-
eral, interferograms are collected at path differences between the fixed and moveable
mirrors, of between 1 - 4 fringes of the He-Ne reference laser (316, 632, or 1264 nm),
depending on the size of the interferogram desired (16k, 8k, or 4k, respectively). In
standard single detector interferometric Fourier transform infrared (FTIR) spectrome-
ters, the data acquisition is triggered by the laser fringe signal. The light intensity expe-
rienced by the detector at the time of the laser trigger is digitized and stored in a one-
dimensional array (4k, 8k, or 16k size) for Fourier processing after a scan of the inter-
ferometer is completed.

For a small size array detector, for example, a linear 64 pixel array de-
tector that is presently commercially available, the detector can be read out, pixel by
pixel, using standard rapid-scan interferometry, using relatively slow mirror velocities.
The data are stored in a matrix that has 64 columns with each consisting of 4k, 8k or
16k data points. For large size detector (1,000 pixels or so0) arrays, the present invention
will utilize step scanning Fourier Transform (“SSFT”) technology. In SSFT, the move-
able mirror of the interferometer is moved in small, discrete steps, and kept at a constant
position between theée steps. At each of these fixed mirror positions, the output of all
array elements is digitized and stored in a matrix in which a given row corresponds to
the 1000 intensity values produced by each pixel. The next 1000 intensity values due to
the next mirror position are stored in the next row. This procedure is repeated until the
scan is complete. Thus, each column in the matrix contains the interferogram experi-
enced by one pixel. Spectral data are obtained by performing a fast Fourier transform
(FFT) for each of the 1000 columns of the matrix. This results in a complete infrared
spectrum collected at each pixel position. This information is stored and optionally con-
verted into a map of infrared absorption intensities corresponding to the pixel positions,
and the position of the cells in the tissue section (vide infra).

SSFT interferometers are capable of stepping the mirror at rates of about
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0.01t0 50 Hz.’At the fastest scan rate, there will be 20 msec between consecutive mirror
steps. During this time, the detector elements sample the interferogram before they are
read. Their output is digitized into a 4k interferogram of data points for each of the 1000
detector elements. This data matrix can be generated in approximately 80 seconds at the
very fastest stepping rate.

An alternative method, using Raman vibrational spectroscopy, will now
be discussed. According to the present invention, a pulsed laser in the near infrared or
visible ranges of the light spectrum may be used to excite a Raman vibrational spec-
trum. Excitation is carried out using a microscope. The Raman scattered light is detect-
ed via a CCD array detector that is coupled to a dispersive device. The CCD detects the
Raman scattered light. The data manipulation strategies discussed previously may be
used as well when Raman microscopy is used.

Determination of Dysplasia

The determination of dysplasia in cells from spectra obtained using the
procedures and methods described previously now will be described. At the outset of
the analysis, the reference spectra associated with the present application are identified.
For example, in the case of a patient with colon cancer, the analysis program loads as
reference spectra the data sets obtained for normal colonic epithelial cells, inflammato-
ry cells, and various dysplastic stages of colon tissue. Similarly, for the analysis of cer-
vical tissue, spectral patterns for healthy and dysplastic basal, parabasal, intermediate,
and superficial layeré are loaded. Next, the spectral data collected for each pixel are
compared by computer to determihe whether it corresponds to the reference categories
of cells. This analysis may be carried out in a variety of ways, as for example, by deter-
mining the best fit of the spectrum of the unknown pixel with the reference spectra char-
acteristic of the different types of cells.

The vibrational spectra of each pixel examined is analyzed to identify
whether a given cell is _normal or cancerous; in addition, a measure of the heterogeneity
in the spectral properties of adjacent pixels is established since pre-cancerous tissue was
found to be characterized by a high degree of heterogeneity at the tissue surface. The
spectrum of each pixel is also used to search for cell types foreign to the tissue being

studied, for example for inflammatory cells or metastases of other cancers.
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If the cell being examined is an abnormal epithelial cell, its spectrum
will not be identified as either a normal epithelial cell or an inflammatory cell. Comput-
er analysis then proceeds to identify the type of cell from the point of view of determin-
ing the extent to which the cell deviates in its progression from a normal cell to a pre-
neoplastic (dysplastic cell) to frank cancer cell.

Data Presentation

The data obtained, as described in previous sections, is a map of com-
plete spectra recorded simultaneously for each cell or pixel in the sample. The computer
may drive a display which will provide a false color map to show the distribution of dif-
ferent types of cells in the tissue sample. This may be accomplished in the following
manner.

The results of the tissue identification by cell types, described above, can
be summarized by assigning each identified cell type a color code. Since the position of
each pixel exhibiting this particular cell type is known, a map can be constructed that
displays the position of the identified cell types by their assigned color codes. This
makes it possible to readily identify the distribution of the distinct cell types in the tissue
section or cell preparation. Separately from the mapping function, the computer stores
the relative distribution of different types of cells in the tissue section.

Examples

Referring to Figures 2A, 2B, 3A, 3B, 4, and 5, examples of one-dimen-
sional tissue scans to identify variations in cell types will be discussed. Figure 2A shows
a stack plot of the infrared absorption spectra of adjacent pixels, about 75 pm x 75 pm
in size. In Figure 2A, the X-axis, the wavenumber axis, is marked 799 to 1799 cm™, and
the Z-axis, the absorbance axis, is marked in arbitrary units from 0 to 100. The spectra
of consecutive pixels marked C512-C523 are plotted along the Y-axis. Figure 2B, isa
one-dimensional false color map obtained from the data in Figure 2A.

The data in Figure 2A is displayed to demonstrate the repeatability of
certain spectral patterns from one pixel to the next. The sensitivity associated with the
map towards variation of the cell type examined, or the occurrence of disease, is very
high. In interpreting Figure 2A, the last two pixels contain a piece of parabasal tissue
that folded over the superficial layer. This change in tissue types is apparent in the spec-
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tral trace marked C523, which is very different from all others. As such, it is concluded
that infrared microscopy is a sensitive method for the identification of healthy tissue
types, and for the differentiation of the layers of cells in healthy epithelial tissue.

Figure 3A»shows a different tissue map than is shown in Figure 2. The
map in Figure 3 is obtained from dysplastic tissue. The stack plot of spectra in Figure
3A presents the spectral traces of 18 adjacent pixels along the surface. In this Figure, it
is readily seen that the variations in the spectral patterns are much larger than those
shown in Figure 2A. Figure 4 shows more clearly the variations that occur in the low
frequency region (800-1300 cm’1). As seen in Figure 3A and more clearly in Figure 4,
there are large spectral changes in this tissue section, even though the spectra were taken
from adjacent pixels. This is interpreted as showing that the superficial layer has large
variations of the cell types and the spectra are quite abnormal as compared with those
of a normal tissue map. In addition, the variations in the 18 spectra shown in Figure 3A,
3B, and 4 indicate that even in mdderately dysplastic tissue, the surface shows large de-
gree of heterogeneity. This is shown very clearly by the linear false color map in Figure
3B.

Referring to Figure 5, a stack plot of spectra is shown for a tissue section
diagnosed to have carcinoma-in-situ (“CIS”). This tissue map shows very little varia-
tions. In fact, all of the spectra shown for the CIS sample show virtually the same spec-
tral pattern, although the spectral pattern is not correct for what typically is at the
superficial layer. Intérpreting the map in Figure 5 leads to the conclusion that at this lev-
el of disease, the superficial cells are all very similar and exhibit the spectral character-
istics of cells normally found in the basal layer.

The samples in Figures 2A, 2B, 3A, 3B, 4, and 5 graphically demon-
strate the ability of the present invention to provide the described information re garding
the distribution of abnormal and normal cells in a tissue sample.

The terms and expressions which are used herein are used as terms of ex-
pression and not of limitation. There is no intention in the use of such terms and expres-
sions of excluding the equivalents of the features shown and described, or portions
thereof, it being recognized that various modifications are possible in the scope of the

present invention.
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Claims:

1. A method for mapping normal and abnormal cells in a tissue
sample, comprising steps of:

(a) imaging each of the cells, or groups of cells, onto a discrete ele-
‘ment of a detector array with each element of the detector array being sensitive
to predetermined wavelengths of light;

®) collecting from each discrete detector array element an intensity
pattern for distinct modulation patterns created by an interferometer;

) generating frequency spectra for each discrete detector element
based on the detected intensity patterns at step (b);

(1)) comparing the frequency spectra generated for each discrete de-
tector array element at step (c) with a file of spectra representative of a plurality
of different cell types and matching each spectra generated at step (c) with spec-
tra from the file;

(e) generating a unique representation for each separate cell type
matched at step (d); and

“(h) displaying the unique representations of the spectra matched at
step (e) in predetermined relationship based on the map locations determined at
step (b).

2. The method as recited in claim 1, wherein one cell is associated

with a discrete element of the detector array.

3. The method as recited in claim 1, wherein the illuminating step

includes the use of infrared microscopy.

4, The method as recited in claim 1, wherein the illuminating step

includes using Raman microscopy.

5. The method as recited in claim 1, wherein spectra are obtained

using vibrational microscopy.

6. A method for mapping normal and abnormal cellsin a tissue

sample, comprising steps of:

(@) imaging each of the cells, or groups of cells, onto a discrete ele-

ment of a detector array with each element of the detector array being sensitive
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to predetermined wavelengths of light;

(b)  collecting from each discrete detector array element an intensity
pattern for distinct modulation patterns created by an interferometer;

() generating frequency spectra for each discrete detector element
based on the detected intensity patterns at step (b); v

(d comparing the frequency spectra generated for each discrete de-
tector array element at step (c) with a file of spectra representative of a plurality
of different cell types and matching each spectra generated at step (c) with spec-
tra from the file;

© generating a unique representation for each separate cell type
matched at step (d); and

(h) displaying the unique representations of the spectra matched at
step (e) in predetermined relationship based on the map locations determined at

step (b).
7. The method as recited in claim 6, wherein at least two cells are

associated with at least one discrete element of the detector array.

8. The method as recited in claim 6, wherein the illuminating step

includes the use of infrared microscopy.

9, The method as recited in claim 6, wherein the illuminating step

includes using Raman microscopy.

10.  The method as recited in claim 6, wherein spectra are obtained

using vibrational microscopy.
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