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protein Structure in those cells. The present invention pro 
duces a purified tissue Section containing relatively intact 
DNA, RNA or protein from only the untreated cells. This 
purified Sample is Suitable for amplification of material by 
PCR or other techniques for the analysis of molecular 
genetic features in the Selected cells of interest. 
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LASER CELL PURIFICATION SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of copending 
patent application U.S. Ser. No. 10/428,825, filed May 5, 
2003, which is a division of copending patent application 
U.S. Ser. No. 09/983,356, filed Oct. 24, 2001, now U.S. Pat. 
No. 6,773,903, which is a division of copending patent 
application U.S. Ser. No. 09/429,317, filed Oct. 28, 1999, 
now U.S. Pat. No. 6,316,234, which is a division of copend 
ing patent application U.S. Ser. No. 08/530,791, filed Sep. 
19, 1995, now U.S. Pat. No. 6,040,139. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The invention involves a novel method and appa 
ratus for obtaining pure cell populations or cell constituents 
such as DNA, RNA or proteins from target cells in tissue 
Sections using ultraviolet (UV) laser-assisted ablation of 
non-target cells. 

0004 2. Description of the Background Art 

0005 Cancer is a leading cause of death in the United 
States. Treatments for cancers include Surgery, chemo 
therapy, and radiation therapy, which cause considerable 
morbidity and often are ineffective. Standard pathological 
grading and Staging cannot predict the Susceptibility of a 
particular tumor to eradication by chemotherapy, radiation 
therapy, or other therapy, and thus many patients with Solid 
tumors receive ineffective toxic therapy. Better prognostic 
indicators and therapeutic targets are needed for cancer 
treatment. 

0006. A large worldwide effort is underway to develop 
improved prognostic and therapeutic tools for cancer. New 
molecular biology techniques permit investigation of Spe 
cific genetic alterations in cancers. Evidence is accumulating 
that information about specific DNA alterations in tumors, 
which predict cancer behavior, may provide important new 
tools for cancer diagnosis, prognosis, and therapy. 

0007 For example, a recent study found that in one of the 
most common cancers in children (Wilms tumor), tumor 
Specific loSS of heterozygosity of chromosome 16c predicts 
adverse outcome independent of histological type. Based on 
this knowledge, the subgroup of Wilms tumor patients with 
favorable histology and loSS of heterozygosity for chromo 
Some 16cq in their tumors may now benefit from earlier, more 
aggressive therapy. Further, in colon cancer, the Status of 
chromosome 18q has recently been shown to have Strong 
prognostic value in patients with cancer extending through 
the bowel without lymph node metastasis (stage II). Thus, 
Stage II colon cancer patients with tumor specific loss of 
heterozygosity on chromosome 18q are a newly defined 
Subset of patients that may benefit from more aggressive 
adjuvant therapy at the time of their initial diagnosis. 

0008. Other types of tumor-specific genetic alterations, 
including amplification of Specific alleles and inactivation of 
Specific genes or alleles by cytidine methylation have shown 
promise for providing important new prognostic informa 
tion. It may be possible to define the “signature” of genetic 
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lesions in an individual patient's tumor, permitting therapy 
tailored specifically to the genetic defects of the tumor. 

0009 Current molecular biologic techniques allow the 
study of DNA, RNA, and protein contained within cells. 
Some techniques allow cells to be studied in situ, with 
labelled molecular probes Visualized under a microScope. 
These techniques are very useful, but currently are quite 
limited in their resolution and consistency. Other more 
powerful techniques for studying cellular DNA, RNA or 
protein depend on pooling of material from one or Several 
cells. Studies based on such pooling have identified the first 
known gene-specific changes associated with cancer and 
other diseases, and have provided insight into the molecular 
processes involved in the transformation of cells from 
normal to abnormal. 

0010 Understanding molecular genetic changes involved 
in the pathogenesis of organ dysfunction requires Studying 
groups of diseased cells in isolation and comparing them to 
phenotypically normal cells. The difficulty is that diseased 
cells in any tissue are usually accompanied by many phe 
notypically normal cells. Thus molecular Studies reported to 
date have been limited to tissues in which the concentration 
of diseased cells is relatively high, Such as in large, concen 
trated tumor masses. Various researchers have attempted to 
obtain purer samples of DNA, RNA, or protein from dis 
eased cells by Scraping portions of tissue Sections away with 
a cutting instrument or by inking target areas of tissue 
Sections and later exposing the Section to UV light to destroy 
non-inked DNA and RNA. 

0011 Ultraviolet irradiation of such tissue has been found 
to cause single and double stranded DNA breaks, DNA 
crosslinks, generation of local denatured sites in DNA and 
DNA base destruction. Thus, it is known that ultraviolet 
irradiation of a tissue Section can massively disrupt the DNA 
strand (as well as RNA and protein) contained within that 
tissue Section. For example, Selective UV irradiation (non 
laser) exposure of portions of tissue Sections was achieved 
by Shibata et al. (Amer. J. Pathol. 141(3):539-543, 1992) by 
covering target areas of Stained tissue Sections with black ink 
and UV irradiating the entire tissue Sample with a Standard 
broad spectrum UV light bulb. Shibata demonstrated that 
DNA within cells covered with the black ink is preserved, 
while DNA in UV exposed adjacent portions of the tissue 
was destroyed. This crude technique is markedly limited by 
the width of the black marking pen used, by difficulty in 
directing the pen to the desired location, and by the need to 
continually replace the pen in order to avoid contamination 
of inked areas by cellular material from areas previously 
inked. Another limitation is that inking must be performed 
while no cover Slip is in place, markedly reducing optical 
resolution and making visual identification of cells nearly 
impossible in many cases. 

0012 Formalin fixed, paraffin embedded (FFPE) tissues 
are the basis for current pathology practice. They are readily 
available to most pathologists and cancer researchers and 
provide histological detail that remains the benchmark for 
pathology. FFPE tissue is not ideal for many molecular 
methods because DNA and RNA contained within this tissue 
is partially degraded. Although it is more difficult to isolate 
DNA of adequate quality for analysis from FFPE tissue 
Sections than from unfixed, unembedded tissue, a number of 
studies have demonstrated that amplification of DNA frag 
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ments as long as 536 base pairs can be accomplished with 
tissue fixed in buffered formalin. However, the duration of 
Storage, fixative used, fixation time, fixation temperature, 
and extraction procedures all affect the quality of DNA that 
can be isolated from paraffin. Recent molecular techniques 
have allowed a wide range of genetic alterations to be 
detected in DNA and RNA isolated from archival tissues. 
Most of these techniques are based on Polymerase Chain 
Reaction (“PCR”). 
0013 PCR based genetic analysis of single cells or 
groups of cells has been used to discover molecular alter 
ations in cells. For example, PCR techniques have been used 
to detect loSS of heterozygosity, genomic DNA mutation, 
mitochondrial DNA mutation, DNA methylation, gene dos 
age, gene rearrangements, clonality and detection of DNA 
adducts. However, because cancer cells grow in close rela 
tion to noncancerous cells in all tissues, it is nearly impos 
Sible using heretofore known techniques to obtain pure 
tumor DNA. Hence, background Signals from noncancerous 
cells often distort the analysis of genetic changes in tumors. 
For example, when a mutation is not detected in a particular 
gene in DNA isolated from a tumor, it is quite possible that 
the nonmutated Sequence came from noncancerous cells 
DNA contaminating the Sample. This contamination prob 
lem was demonstrated in a controversy concerning the 
importance of the recently identified gene p16/MTS1. One 
of the gene's discoverers cast doubt on analyses of certain 
DNA samples which did not show p16 mutations because of 
contamination by noncancerous DNA. 
0.014. The problem of background noise created by con 
taminating noncancerous cells was again emphasized by 
difficulty in identifying mutations in the breast cancer asso 
ciated gene BRCA1 in Sporadic and hereditary tumors. In 
cases of hereditary tumors, the individual inherits one 
mutated copy of the gene. Researchers have had difficulty 
Studying, the remaining copy of the gene in hereditary tumor 
Samples because of background noise from contaminating 
normal cells, making it difficult to ascertain the frequency of 
specific BRCA1 genetic alterations. Because of the difficulty 
of obtaining pure breast cancer DNA samples in general, it 
is not known with confidence that in fact BRCA1 mutations 
are rare in non-hereditary breast tumors. Interpretation of 
results based on impure tissue Samples are ambiguous in 
direct proportion to the degree of impurity of the DNA, RNA 
or protein isolated. 

0015 Current techniques of DNA, RNA and protein 
isolation and purification illustrate the problem of Sample 
purity in researching genetic alterations in cancer. 

0016 For example, serial cryostat sectioning and trim 
ming of frozen tumor-bearing tissue has been used to 
produce limited purification of tumor DNA and has been 
useful in the definition of loSS of heterozygosity and other 
genetic alterations. Unfortunately, this cryostat-based “frac 
tionation' of cancer tissue has a number of drawbacks. For 
example, most common primary tumors, including breast, 
ovarian, pancreatic, prostate cancers and others, are highly 
infiltrated with noncancerous cells. Hence, it is difficult to 
obtain better than 70% purity in the majority of cases using 
cryostat Sectioning alone, Since only relatively large regions 
of the tissue can be carved manually from the tissue block. 
Further, histological detail is often poor in frozen Sectioned 
material, making interpretation difficult. In addition, cryostat 
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methods cannot be applied easily to the clinical Setting 
because clinicians find it inconvenient to freeze biopsy 
Samples, and pathologists prefer paraffin embedded material 
for interpretation. 

0017 Improved signal (cancerous DNA) to noise (non 
cancerous DNA) ratio in PCR based allelic loss analysis has 
been achieved by mechanical microdissection of individual 
tissue sections or by a combination of broadband ultraviolet 
light treatment of the Section after covering desired areas 
with black ink, followed by mechanical removal of the tissue 
from the Slide. However, these manual microdissection 
methods have Several drawbackS. For example, microdis 
Section or ink-dotting must be performed without a cover 
Slip in place which markedly reduces optical resolution. 
Further, manual dissection or ink dotting only allows the 
Selective isolation of clumps of cells. 
0018 Microdissection using stage-mounted microman 
ipulators has been reported, but the lack of resolution 
without a coverslip in place typically precludes isolation of 
Single cells. Moreover, the microdissection and ink-dotting 
techniques are extremely time-consuming and cumberSome. 
0019. In situ hybridization is another method of locating 
Specific base Sequences in tissue Sections. For example, 
fluorescence in situ hybridization (FISH) has been used to 
show Sequence deletions and ploidy anomalies in prostate 
tumors. However, in Situ methods have Several disadvan 
tages. For example, genetic material in the Section is con 
Sumed by the process and is not available for multiple 
analyses. In addition, the specificity of individual FISH 
probes is highly variable. Finally, many molecular alter 
ations (mutations, methylation, Small deletions, etc.) are not 
detectable with FISH. 

0020 Non-histological methods for enrichment of tissue 
Samples of tumor cells are also possible, Such as Separation 
of Ovarian tumor cells using flow cytometry, and enrichment 
of breast and prostate tumor cells with an avidin affinity 
column. However, these techniques are significantly limited 
because they require a tumor Specific antibody, which is not 
available for the majority of tumors. Moreover, even if 
tumor Specific antibodies were available for all tumors, use 
in a clinical Setting would require Separate Separation pro 
tocols and columns for every tumor type, which would be 
very inefficient. Furthermore, Specific antibodies are noto 
riously variable in their staining characteristics. Finally, 
these “blind” separation methods make it difficult to obtain 
both histological grading and molecular diagnostic informa 
tion on the Same tissue Sample. Histological grading of 
tumors is one of the most powerful prognostic tools avail 
able and any new molecular analysis will be compared to 
Standard histological grading techniques to determine their 
prognostic value, a comparison that will not easily be 
achieved with flow cytometry based or affinity column based 
purification Systems. A method that combines the ability to 
obtain maximum enrichment of tumor cells while maintain 
ing histological analysis of the Sample has significant advan 
tages over flow cytometry or column-based separation meth 
ods. 

0021 U.S. Pat. No. 5,272,081 discloses a method for 
Selecting and Separating individual cells in a Sample for 
diagnostic purposes. In accordance with this method, cells 
are first Separated, trapped in sized holes on a grid, each with 
a known location, and Subjected to tests for Selection. Once 
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the cells on the grid have been tested and Selected, the 
desired cells may be removed from the grid by selectively 
changing the electrical potential of conductors on the grid, 
or the undesired cells may be killed to effect Separation. A 
major disadvantage of this method is that the cells must be 
Suspended before they are trapped on the grid for testing. 
Cells in a Standard paraffin embedded tissue sample, Such as 
a biopsy Sample, cannot be readily kept intact and Separated 
by this method. Again, Standard histological analysis of the 
Same Sample would be impossible, and usually the entire 
Sample would be consumed by one experiment. 

0022. Also, U.S. Pat. Nos. 4,624,915 and 4,626,687 
disclose methods and devices for the Separation and Segre 
gation of living cells using a focused radiant energy beam. 
In accordance with these methods, living, anchorage-depen 
dent target cells are moved on a microscope Stage in two 
dimensions while the laser beam is directed through the 
objective lens of the microScope at individual living cells, or 
at the film Supporting the cells. The living cells are viewed 
on the slides with no cover slip and while nutritive cell 
medium is flowing over the cells. Selection is based on a 
cellular light response to an attenuated laser beam, and 
undesired cells are killed with radiant energy from a 
focused, high power laser beam. Living cell Selection can be 
accomplished by computer analysis of the fluorescence 
pattern of the living cells. 

0023 Freeze-dried tissue sections have been microdis 
Sected using a laser after first storing coordinates to be 
dissected from a non-freeze dried adjacent Section using a 
drawing tube (Klimek et al., Carcinogenesis: 5(2):265-268, 
1984). Because the tissue sections to be microdissected must 
be freeze-dried at -40° C. and stored under vacuum at -45 
C., because the tissue Shrinks when it is freeze dried, and 
because the regions to be dissected must be indirectly 
identified through the use of a drawing tube, this method is 
also very cumberSome and limited in precision. It does not 
allow specific individual cellular localization and ablation. 
0024 None of the known techniques contemplated for 
use with biopsy tissue Samples have been used to reliably 
examine and Selectively destroy individual cells, individual 
cell nuclei, or DNA within individual cells. The known 
techniques make it nearly impossible to routinely Study 
Small tissue Samples in which there are a large percentage of 
non-diseased cells that cannot be cut out or Selectively 
inked. ProState biopsies, for example, may contain Small 
foci of adenocarcinoma measuring 1 mm in diameter or less, 
Surrounded by lymphocytes, Smooth muscle and benign 
prostate cells. In most cases, it is extremely tedious or 
impossible to Selectively destroy the lymphocytes, Smooth 
muscle cells, and benign prostate cells using available 
techniques. These limitations make it difficult to bring 
routine pathologic diagnosis to the molecular level, because 
most tissue biopsies cannot be effectively Studied using 
currently available techniques. 

0.025. Using current tumor DNA purification techniques, 
noise from contaminating noncancerous DNA makes inter 
pretation of data difficult and Sometimes impossible, con 
founding cancer research and diagnosis. Accordingly, there 
is a profound need for a reliable technique to obtain highly 
enriched samples of tumor DNA, RNA and protein. Such a 
technique would be widely used by pathologists in clinical 
practice, cancer researchers, and in fact, any investigator 

Aug. 18, 2005 

who needed to purify individual cells or groups of cells from 
a heterogeneous tissue, cancerous or noncancerous. 

SUMMARY OF THE INVENTION 

0026. In accordance with the present invention, a novel 
laser purification method and apparatus is disclosed for 
obtaining pure cell populations from a tissue Section having 
a heterogenous cell population. This method allows one to 
obtain a tissue Section having a heterogenous cell population 
which, after treatment, has relatively intact DNA, RNA or 
protein from only untreated cells. The invention comprises 
a microScope, a Support Stage for Supporting the tissue 
Section and a drive means for providing relative movement 
between the Stage and the microScope in an X-y coordinate 
plane. A video camera is provided for Scanning the tissue 
Section and creating a mosaic of Video imageS representing 
the tissue Section. These high resolution video images are 
displayed on a Video display. Target cells in the tissue 
Section are microscopically identified using established mor 
phological criteria or fluorescent tagged antibodies. In one 
embodiment, the operator inspects the Video images repre 
Senting the magnified tissue Section displayed on the Video 
display and manually Selects the target cells to be destroyed 
or preserved utilizing a touch or light Sensitive Video display 
Screen or cursor System. In another embodiment, the target 
cells of interest are automatically identified based upon an 
analysis of the Video images by a computer. In this embodi 
ment, the operator can verify the target cells identified by the 
computer and has the option of either Selecting additional 
cells of interest or deselecting cells identified by the com 
puter. After the manual or automatic identification and 
Selection of the target cells, the computer automatically 
directs a laser to photoablate the DNA, RNA or protein in the 
contaminating cells So that the proportion of intact DNA and 
RNA from the target cells is markedly increased. 
0027) Further purification of the tissue section is achieved 
with the present invention by analyzing the cells not pho 
toablated in the purification Steps described above under a 
higher magnification, and repeating the photoablation pro 
ceSS of the present invention. Purification, in accordance 
with one aspect of the present invention, means that the 
tissue Section having a heterogeneous cell population, after 
treatment, will contain relatively intact DNA, RNA or 
protein from only the untreated cells. 
0028. The present invention is automated by using image 
analysis hardware and Software, with minimal operator 
intervention, thereby allowing the DNA or RNA in selected 
portions of the tissue Section to be automatically ablated, 
while the nonselected cells' DNA or RNA will remain intact 
for subsequent analysis by PCR or other genetic methods. 
0029 Further, a greater degree of optical resolution is 
obtainable with the present invention over prior art Systems 
Since a UV transparent quartz cover Slip can be used during 
operation of the viewing and laser devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 is a schematic representation of the laser 
purification System in accordance with the present invention. 
0031 FIG. 2 is a schematic representation of the objec 
tive, quartz coverglass and tissue Support of the laser puri 
fication system of FIG. 1. 
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0.032 FIG. 3 is a schematic representation of the video 
display and the apparatus for manually Selecting target cells 
from the tissue Section in accordance with the present 
invention. 

0.033 FIG. 4 is a block diagram illustrating the laser 
purification System in accordance with the present invention. 
0034 FIG. 5 is a flow chart illustrating the operation of 
the laser purification System in accordance with the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0035. The laser purification system of the present inven 
tion is described in connection with FIGS. 1 and 4 which 
disclose a microscope 10 for viewing a tissue Section 12 
which contains a heterogenous population of cells, including 
target cells of interest, Such as cancerous cells. The micro 
scope 10 comprises an objective lens 18. The tissue section 
12 is Supported on a tissue Support 14 which can be any 
Suitable means for Supporting a tissue Section known to 
those skilled in the art, Such as a slide. In one embodiment, 
the tissue Support is a borosilicate glass slide. 
0036). In a preferred embodiment, a UV transparent 
quartz coverslip 15, as illustrated in FIG. 2, is placed 
between the tissue section 12 and the objective 18 which 
allows a greater degree of optical resolution. In one embodi 
ment, the quartz coverslip 15 is approximately 15 mm to 
0.25 mm thick or even thicker. 

0037. A suitable UV transmitting mounting medium 13 is 
placed between the coverslip 15 and the tissue section 12 
and tissue Support 14. Any mounting medium that allows at 
least partial UV light transmission, is clear (to allow good 
visualization), and does not interfere with later DNA, RNA, 
or protein recovery or analysis is Suitable for use with this 
device. For example, one acceptable UV transparent mount 
ing medium is Sterile distilled water. 
0.038. The tissue section 12 and tissue support 14 are 
removably mounted on a stage 16. The Stage 16 comprises 
a drive means for providing relative movement between the 
Stage 16 and the objective lens 18 in incremental locations 
in an X-y coordinate plane. The drive means also comprises 
means for generating an address Signal within the X-y 
coordinate plane for each incremental location. 
0.039 The drive means in accordance with the present 
invention can be any motorized Stage known to those skilled 
in the art which provides controlled incremental movement 
of the Stage and generates an address Signal representing the 
incremental location. As illustrated in FIG. 4, the drive 
means includes Stage controls 21 to control the movement of 
the Stage 16 in response to address Signals. In a preferred 
embodiment, the drive means is a motorized Stage with 
computer interface. A motorized Stage Suitable for use with 
the present invention can be obtained by Ludl, Inc. Such as, 
for example, a motorized Stage having a resolution of 
approximately 0.1 um, repeatability of approximately 1 um, 
and accuracy of approximately 5 um. Of course, other 
motorized Stages having greater or lesser accuracy, repeat 
ability and resolution may be used as well. 
0040. The microscope 10 can be any suitable microscope 
known to those skilled in the art, such as an Olympus BX40 

Aug. 18, 2005 

upright microScope. The OlympuS BX40 microScope is an 
economical instrument with the key advantages of modular 
construction and infinity corrected optics, which eases the 
integration of the laser 22 to the microscope 10. Special UW 
transparent quartz objective lenses, Such as those illustrated 
by objective 18, may be acquired from Optics for Research, 
Inc. or other Suitable Source. 

0041 As the tissue section is incrementally moved by 
drive means and Stage 16, Video camera 20 generates a video 
image of the tissue Section at Selected incremental locations 
in the X-y plane. In a preferred embodiment, the Video 
camera 20 is mounted to microscope 10 as illustrated in 
FIG. 1. The signals generated by the video camera 20 
representing each Video image are input into a Video frame 
grabber 35 which are then input into the computer 30, as 
illustrated in FIG. 4. The address signal of the stage 16 
asSociated with each Video frame are input into computer 30. 
0042 Image focus can be maintained manually by the 
operator by mechanically focussing the microScope 10. In a 
preferred embodiment, the image focus is maintained by 
automatic image focussing equipment which is well known 
to perSons skilled in the art. 
0043. The video camera 20 can be any suitable color or 
monochrome video camera known to perSons skilled in the 
art and is preferably a Sony XC-75 monochrome instrumen 
tation camera or a high resolution color camera. In one 
embodiment of the present invention, the video camera 20 
feeds up to 30 frames per second to the video frame grabber 
35. The video frame grabber 35 can be any suitable video 
frame grabber known to perSons skilled in the art and, in a 
preferred embodiment, is a Data Translation Quickcapture 
video frame grabber. Further, the computer 30 can be any 
Suitable computer known to perSons Skilled in the art and, in 
a preferred embodiment, is a Apple PowerMac 8100 which 
has a 16 MB RAM and a 500 MB hard drive. A Pentium PC 
may also be used. 
0044) The present invention also comprises a selection 
means for Selecting the target cells of interest from the 
heterogenous target tissue Section 12. Selection is defined as 
choosing Specific regions defined by Specific X.y coordi 
nates. In one embodiment, the Selection means automatically 
Selects the target cells of interest to be photoablated by a 
focussed radiant energy beam 23, as illustrated in FIG.1. In 
accordance with this embodiment, the Selection means com 
prises the computer 30 and a video display 33 which utilizes 
a light or touch sensitive screen, as illustrated in FIGS. 3 
and 4. The computer 30 is programmed to analyze the video 
images from the Video camera 20 and to identify target cells 
of interest based on various histological or biological char 
acteristics or fluorescent characteristics of those cells 
Selected by the operator. For example, the target cells could 
be identified using established morphological criteria or 
fluorescent tagged antibodies, as described below. 
0045. In another embodiment of the present invention, 
the Selection means comprises a means for the manual 
Selection of target cells of interest. In accordance with this 
embodiment, the computer 30 displays the Video images 
generated by video camera 20 on a video display 33 (FIG. 
3), creating a mosaic of the Video images representing at 
least a portion of the entire tissue Section. The operator then 
inspects the high resolution video images of the tissue 
Section and manually Selects target cells to be treated or 
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target cells to be preserved. The manual Selection of the 
target cells is accomplished in this embodiment by utilizing 
a touch or light sensitive screen in video monitor 33 or by 
using a cursor System or mouse. For example, the operator 
identifies the target cells of interest by tracing those cells 
using a light pen 34. 

0.046 FIG. 3 illustrates a diagram representing a mosaic 
of high resolution video imageS representing a magnified 
tissue Section containing a heterogenous population of cells, 
including non-cancerous cells and adenocarcinoma cells 
(gland forming cancer). The ring of gland forming cancer 
cells in this tissue section is represented by the numeral 37 
and non-cancerous ring of prostate gland cells is represented 
by numeral 39. Further, noncancerous stromal cells are 
depicted as numeral 40 and non-cancerous lymphocytes are 
depicted as numeral 41. In this example, the operator can use 
the light pen 34 to outline the target cells of interest to be 
ablated, such as non-cancerous cells 39, 40 and 41. In 
accordance with the present invention, the operator can also 
elect to outline cells which are not to be ablated, Such as by 
outlining the cancerous gland forming cells 37 in FIG. 3. 
0047 The computer identifies the specific address for 
each target cell of interest identified either automatically or 
manually by the operator. 

0.048. After identification and selection of the target cells 
of interest, the present invention comprises a radiant energy 
beam generating means for automatically and Selectively 
ablating only those target cells identified automatically or 
manually by the operator. Specifically, the radiant energy 
beam generating means automatically directs a radiant 
energy beam to photoablate the DNA, RNA or protein in the 
unwanted, contaminating cells. In a preferred embodiment, 
the radiant energy beam generating means generates an 
ultraviolet (“UV) laser beam 23 by UV laser 22. 
0049. The UV laser 22 can be any suitable laser known 
to those skilled in the art Such as, for example, argon ion 
lasers, excimer pumped dye lasers, Nd:YAG lasers, Krf 
excimer lasers and XeCl lasers. In one embodiment the UV 
laser is a diode pumped solid state Nd:YLF laser which 
produces a collimated beam with a Gaussian intensity pro 
file. The beam diameter can be any suitable beam diameter 
for causing photoablation of cells as is known to those 
skilled in the art. For example, the beam diameter can be any 
Suitable diameter from less than approximately 1 micron to 
approximately 1 mm. In one embodiment, the beam diam 
eter is approximately 10 um, which is the average diameter 
of human cell nuclei. 

0050 UV light is specifically selected for its known 
tendency to damage cellular DNA, RNA and protein. Laser 
light of any wavelength within the UV spectrum will be 
suitable for proper functioning of the present invention. UV 
laser light in the spectrum designated UV-C (200-290 nm) 
has the greatest potential for DNA, RNA and protein damage 
with the lowest energy applied and least heat production. 
Laser light with a wavelength above 290 nm could also be 
used, but may produce tissue boiling at lower energy levels. 

0051. The laser 22 can be controlled by the operator, 
through computer 30, to Select the Specific pulse duration, 
wavelength and energy level of the laser beam 23. In one 
embodiment, the laser 22 produces pulses having a duration 
of less than about 7 ns and no greater than 200 microJoules 
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at 262 nm. In another embodiment, the laser 22 produces 
pulses at 248 nm. When the laser 22 is focused through a 
microScope objective to a spot of approximately 0.5 um 
diameter, the maximum optical power (fluence) exceeds 100 
kiloJoules/cm per pulse. The maximum fluence available is 
vastly greater than required, and fluence can be decreased to 
any level desired by the user. Conservative estimates Suggest 
that organic materials. Such as biological tissues are com 
pletely ablated with 0.02 to 1 Joules/cm’. Ceramics, glass 
and metals are ablated with 1 to 20 JouleS/cm. 
0.052 The UV laser 22 is controlled by the computer 30, 
which issues command Signals to initiate a burst of optical 
pulses 23. The laser output is brought to the laser port 
through a Series of mirrorS 24 and lenses, as illustrated in 
FIG.1. Abeam expander 28, controlled by the computer 30, 
is also provided So that laser beam spot size can be accu 
rately and precisely controlled. The collimated and 
expanded UV laser beam 23 fills the back aperture of the 
objective lens 18, thus creating a diffraction-limited Spot at 
the tissue Section plane. 
0053 Adichroic mirror 27 is used at the position between 
the video camera 20 and the microscope objective lens 18, 
So that the tissue Section can be viewed when the laser is 
active. The dichroic mirror 27 reflects light at wavelengths 
less than 300 nm (in one embodiment), but transmits visible 
light, protecting the operator from Stray UV light at the 
eyepieces. Additional laser Safety features include a keylock 
controlled power Switch and a manual occluder at the laser 
output port. In one embodiment, a UV blocking Swing-out 
Shield is placed around the Stage and contains a Switch that 
will prevent laser firing while the shield is open. 
0054 The size of the laser spot at the tissue section 
depends on the diameter of the laser beam as it enters the 
optical train into the microscope 10. Beam expander 28 
between the laser 22 and the microscope 10 allows the spot 
to be varied to increase or decrease the treatment area. The 
beam size can be selected by the operator and the computer 
30 effectuates control of the beam size by controlling beam 
expander 28. The maximum treatment area is the field of 
view of the microscope 10 which depends on the numerical 
aperture of the objective lens in place. The minimum spot 
Size obtainable depends on focal length of the objective lens. 
If the fluence used is Sufficient only to produce inactivation 
of the target cells RNA, DNA or protein in the target Zone, 
the effect of scattered light will be minimized. Optimal laser 
fluence and exposure time will be determined by the user 
and will vary depending on the application (Some tissues 
may requires higher UV doses to ablate DNA/RNA, for 
example). 
0055. The applied dose of UV radiation is controlled by 
the attenuator 29, varying the duration and number of pulses 
applied to the target Zone, and varying the diameter of the 
spot. The operator can control these parameters by inputting 
the desired information into computer 30 through terminal 
36 (FIG. 4) which controls the laser 22, beam expander 28 
and beam attenuator 29. 

0056. The present invention utilizes any suitable quartz 
laser-to-microscope optics. For example, Suitable quartz 
laser-to-microscope optics can be obtained from Micro 
cosm, Inc. (a Maryland corporation). In one embodiment, 
the beam -expander 28 and the laser 22 utilize serial inter 
face electronics and Software extensions to NIH-Image 
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software (which is publicly available) to enable beam size 
and laser pulse trains to be computer controlled. In a 
preferred embodiment, the beam expander 28 is of Galilean 
design with variable magnification to control Spot size. The 
magnification adjustment is motorized and controlled from 
the computer. 

Operation of the Present Invention 

0057 The operation of the present invention will be 
described in connection with FIG. 5. An appropriately 
Stained tissue Section covered with a UV transparent quartz 
coverslip 15 is placed under the histologic microscope 10 
with attached high resolution camera 20. The tissue section 
can be any Suitable thickness known to perSons skilled in the 
art Such as, for example, a 6 micron thick Section. The user 
selects the objective to be used (10x, 20x, 32x or 100x for 
example) and initiates the Scanning function of the device. 
The tissue Section then is moved in an X-y plane underneath 
the microScope by Stage 16 and the drive means. The Video 
camera 20 generates a video frame of each incremental 
portion of the tissue Section as it is being Scanned. After the 
entire tissue Section is Scanned, the System then presents the 
available images to the user. Because, in most cases, not all 
of the video images can be displayed on the video display 33 
at once, the computer 30 divides the images into a number 
of non-overlapping visual fields. Each Visual field consti 
tutes a mosaic of Video frames representing a portion of the 
tissue Section of interest and is displayed on the Video 
display 33. An example of a visual field is illustrated on 
FIG. 3. The operator can review all of the video fields until 
the entire region of interest has been reviewed. 
0.058. In accordance with the present invention, the target 
cells which are to be either preserved or destroyed are 
identified using an automatic identification mode and/or a 
manual identification mode. In the automatic identification 
mode, the operator then Sets the criteria by which the 
computer will automatically identify the target cells of 
interest to be ablated based on image characteristics. For 
example, the criteria for automatic identification of target 
cells are based on object color, hue, intensity, Size, shape, 
texture, or any feature or combination of features definable 
by digitized image data. 

0059) The computer 30 then analyzes the video frames in 
accordance with the Selection criteria and identifies cells 
falling within that selection criteria. The identified cells are 
contrasted from non-Selected cells by any Suitable manner 
Such as by highlighting only those cells on video display 33. 
At this stage, the operator may check the computer Selec 
tions to see if the target cells of interest have been properly 
identified for ablation. If the operator wants to identify 
additional cells to be ablated or deselect cells, the operator 
Selects or deselects those cells by use, for example, of the 
light pen 34 on video display 33, as described below in 
connection with manual identification. 

0060. In the manual identification mode, the operator 
uses the displayed images to visually identify the target cells 
of interest using Standard histomorphological criteria known 
to perSons having skill in the art. A few examples of Such 
target cells include identifiable cancer cells, identifiable 
muscle cells, or identifiable lymphocytes, etc., all of which 
have well known appearances to those knowledgeable in the 
art. Features of Visual appearance which may be considered 
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by the operator in either the manual or automatic identifi 
cation mode are, for example, nuclear size, shape (e.g. 
roundness), texture and hue. The operator can also choose 
cells based on a combination of features, Such as their visual 
appearance and their location in the tissue under Study. 
0061. In the manual identification mode, the operator 
Visually Selects the target cells of interest by “coloring in', 
outlining or otherwise identifying those cells on the Video 
monitor 33 using the light pen 34, illustrated in FIG. 3, or 
by using a mouse pointer, cursor System or touch Sensitive 
System (not shown). For example, the operator may draw a 
circle to contain the single gland of cancer (37) contained in 
FIG. 3, and upon completing this circle, the software will 
automatically change the color of this circular region to 
indicate to the operator that it has been Selected. The 
operator will be able then to erase or alter these Selected 
regions as many times as necessary until the operator is 
Satisfied with the Selected regions. 
0062) When the operator is satisfied with the target cell 
Selections in each of the images in the first visual field (from 
either the automatic or manual identification modes), the 
System immediately presents the Second Visual field to be 
Viewed. When Selections have been made for each image in 
each visual field, the operator can review the images in any 
or all visual fields. When the operator is satisfied with target 
cell Selections from all of the images, the operator can then 
initiate the Selective laser exposure process from the menu 
selections on display 33, utilizing terminal 36 (FIG. 4). The 
operator menu Selections will contain choices Such as, for 
example, fluence level, beam width, energy exposure per 
unit Selected area, magnification level and whether to expose 
Selected areas or expose non-Selected areas. Before operat 
ing the System, these parameters will be set by the operator. 
After initial Selection of laser treatment parameters, the 
operator will have the option of Saving these Settings for 
Subsequent use as default Settings, to further Streamline the 
laser treatment process. 
0063. After the selected target cells of interest have been 
identified as discussed above, the computer 30 analyzes the 
data and calculates the course of motion for the motorized 
Stage. As a preferred embodiment, to increase the Speed of 
the photoablation process the Software also analyzes the size 
of the regions to be photoablated, and where wide areas are 
to be ablated, the widest appropriate beam diameter is 
automatically applied based on the width of the area to be 
photoablated. The user then initiates a Software-driven pro 
cess whereby all of the selected cells are exposed to the UV 
laser automatically and unselected cells are left unexposed. 
Verification of accurate lasing can be accomplished in Some 
cases by visible blanching of the tissue staining dye in areas 
exposed to the laser, with preservation of Staining in non 
lased areas. Laser fixation points made of UV Sensitive ink 
can be placed on the Slide as well, and can be used to Verify 
accuracy. Appropriate Shielding should be employed by the 
user to avoid exposure to the UV laser beam during use. 
0064 NIH-Image software, which is readily available, 
can be modified to provide a convenient, user-friendly 
Selection and ablation protocol as described above and in 
accordance with the algorithm set forth in FIG. 5. 
0065. The operator may stop photoablation after comple 
tion of this stage or proceed to higher magnification to obtain 
greater Sample purity, if desired and/or necessary. Based on 
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Visual estimation, tumors with tissue patterns consisting of 
concentrated clusters of cancer cells with a width of 100 um 
or more, Surrounded by 50-500 micron wide acellular areas 
or noncancerous cells can be effectively concentrated using 
a lower power objective alone Such as, for example, a 10x 
objective. One example of Such a tissue is a lymph node 
containing focal cancer metastases. The total time required 
for photoablation up to this stage depends on the size of the 
tissue Section examined, and the complexity of the Selected 
regions. In the Simplest case, for example a 1 cm diameter 
lymph node containing four 1 mm diameter metastatic foci, 
the process would take from 2-5 minutes. Selective photo 
dissection of a breast or prostate needle biopsy containing 
focal carcinoma would take a similar amount of time. 

0.066 If the operator wishes to further photodissect the 
areas left unexposed, the System is Switched to a higher 
power objective lens Such as, for example, a 20x, 32x or 
100x lens, and the slide is re-Scanned. Regions which have 
been exposed to the laser can be identified by their pho 
tobleached appearance, giving the operator Visual confirma 
tion of the effectiveness of photoablation and Stage posi 
tioning. After Scanning at the higher magnification, the 
System can again provide a tiled representation of these 
visual fields on the video display 33. The operator again 
chooses a mode of target Selection, which will consist of 
either Sequential viewing of each Visual field and manually 
drawing the regions to be ablated, as described above, or by 
the use of the automatic identification mode. The operator 
then reviews the results of the automated selection and, if 
Satisfied with those Selections, begins photoablation of the 
regions Selected. 
0067. If more convenient, the operator may identify 
nuclei to be preserved and instruct the System to destroy all 
other non-Selected nuclei. 

0068. In one embodiment, when the operator desires to 
reScan the tissue Section using a higher magnification, the 
operator can choose to Scan only those portions of the tissue 
Section that were not treated with the laser at the lower 
magnification. In this embodiment, the computer 30 recalls 
the coordinates of the regions photoablated in prior Step and 
Scans only regions of the tissue Section that were not 
photoablated previously. In tissue Section regions located on 
the edge of photoablated areas, the Visual fields presented to 
the operator on Video display 33 include a wide margin of 
previously photoablated tissue (Such as, for example, a 50 
lim margin) to avoid skipping areas. 
0069. After a purified tissue section is obtained using the 
apparatus and process described above, the tissue material 
can then be placed in an appropriate Solution for molecular 
analysis. For example, the treated tissue Section is removed 
from the Slide upon which it is mounted using Suitable 
means, Such as a mechanical removal using a Sterile Scalpel, 
or by Simple irrigation with appropriate buffer Solution. The 
removed tissue is then placed in a Suitable container Such as 
a sterile microcentrifuge tube for molecular analysis. 

0070 The present invention enables accurate, efficient 
Separation of contaminating cells from target cells of interest 
creating purified DNA, RNA or protein from tissue samples 
for molecular genetic analysis Such as PCR. 
0071. The laser purification system of the present inven 
tion can be used with Brightfield microscopy. Brightfield 
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microScopy employs a broad-spectrum or white light Source 
for illumination of appropriately Stained tissue Sections. The 
light Source is typically placed opposite the objective lens 
employed, with the tissue Section to be examined placed 
between the microScope objective and the light Source. 
Brightfield microscopy can be used with either the automatic 
or manual identification mode, i.e. it will allow the operator 
to visually Select areas of interest in a Semi-automated, 
interactive process based on image characteristics, as dis 
cussed above, or will permit the computer to automatically 
Select target cells of interest, as described above. 

0072 One of many possible automated selection methods 
using Brightfield microScopy would involve the use of 
immunoperoxidase-stained tissue Sections. Using immunop 
eroxidase Staining, cells containing epitopes recognized by 
a specific antibody are typically stained brown. If a specific 
antibody is available for cells which the user wishes to 
Selectively preserve or ablate within a tissue Section, the 
entire Selection proceSS can be automated. For example, if 
the user wished to Selectively study prostate epithelial cells 
within a tissue Section, then the user could stain the tissue 
with a PSA-specific antibody using the immunoperoxidase 
technique, and Stain all prostate epithelial cells brown 
(including both benign and malignant prostate cancer cells). 
The user then Selects the Scanning function, and after the 
tissue Section has been Scanned, then Selects the “auto 
mated” Submenu. From the automated Submenu, the user 
would then choose criteria for object Selection, as described 
above. In this case, the user can select “brown' and "edge 
detection” which would trigger the software to find the outer 
edges of any object colored brown and Select this area. The 
user can review the Selections made by the Software prior to 
initiating the laser exposure process, as described above. 

0073. Another example of the operation of the present 
invention will be described in connection with using fluo 
rescence microScopy. In fluorescence microscopy, cells are 
Stained with a Staining media which will fluoresce when 
illuminated by incident light, usually providing a bright 
Signal on a dark background. The incident light used is an 
ultraViolet light Source which excites fluorescent Species 
within the Staining medium. Specific wavelengths of light 
produced by the objects within the tissue can be examined 
by selection of filters which allow light of only defined 
Spectra to pass. 

0074 Appropriate staining media will include, for 
example, propidium iodide which Selectively Stains DNA. 
Other media such as Fluorescein isothiocyanate (FITC), 
Rhodamine, or Texas Red labelled antibodies or newly 
developed more stable and intense fluorophore labels Such 
as Cy3 or Cy5 (Amersham, Inc.) labelled antibodies (or 
other probes) may be used with this method. 
0075 An immunofluorescence based function will allow 
nearly fully automated photoablation, with the user simply 
monitoring the initial identification of target areas to be 
treated. The operator then directs the System to either 
photoablate the area containing fluorescent Signal, or pho 
toablate areas not containing fluorescent Signal. The opera 
tor defines a fluorescence brightness threshold to determine 
the areas to be treated. Options for Selection of target cells 
of interest using fluorescence microscopy will be identical to 
those for brightfield microscopy, including manual and 
automated identification methods. The automatic identifica 
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tion mode will operate Similar to those used for immunop 
eroxidase Staining described above, and will allow the user 
to review automated Selections prior to Selective laser treat 
ment. 

0.076 For example, the tissue section of interest is 
mounted on tissue Support 14 and covered with the quartz 
coverslip 15 as described above. The operator selects filters 
appropriate for the fluorophore in use. The operator then 
Views the tissue Section with a low power objective Such as, 
for example, 10x magnification, and prompts the System to 
Scan the Section and Select targets based on Signal intensity. 
The operator then reviews the selected targets field by field, 
and may decide to change the intensity threshold for target 
ing if too many or too few targets have been Selected. 
Manual deselection or modification of targets in individual 
Visual fields also is possible as described above. If target 
Selection is not as precise as desired, the user may Switch to 
a higher power objective and repeat the process. When 
appropriate intensity criteria for automatic target Selection 
have been defined, based on review of Some or all of the 
Selections by the operator, the operator triggers the System to 
photoablate the Selected regions. This proceSS Should take 
from 2-10 minutes for most Sections using a 10x objective, 
longer if high power objectives are used. 

0077. After target cell selection, the selected regions will 
be indicated on the viewing Screen either by a line circum 
Scribing the region, or by a change in color or hue of the 
entire Selected region, or by Some combination of line and 
color or hue that can be chosen by the user. The user will 
accept, reject, or modify these Selections. Processing Speed 
will depend on the magnification used and the degree of 
Selectivity desired. 

0078. Different combinations of coverslips and mounting 
media may be used. In one embodiment, a mildly UV 
absorbing mounting medium may be used to reduce laser 
Scatter while allowing Sufficient laser energy to reach the 
target. Tissue to be treated can be unfixed or fixed using any 
type of fixative known to perSons skilled in the art Such as, 
for example, formalin, alcohol or acetone. 
0079 If studying tumor cells' DNA only, as is often done, 
the operator may Select or deselect targets based on whether 
or not the cells are cancerous by Visual determination, as 
described above. Since only target nuclei need to be pho 
toablated to produce selective DNA degradation, the histo 
logical patterns of growth and nuclear characteristics typical 
of many cancers should be recognizable with nuclear Stain 
ing alone, Staining with hematoxylin alone, or toluidine blue 
alone to increase image contrast and allow clear recognition 
of nuclear boundaries. Automated nuclear roundness deter 
mination using Brightfield microScopy could also be per 
formed more easily in Samples So prepared. 

0080. In another embodiment of the present invention, a 
beam expander is not used and the device can be configured 
to function with a fixed beam width, such as 10 um, or any 
other convenient beam width for the desired tissue or cells. 
Fixing at a diameter of 10 um should not interfere with 
cell-by-cell photodissection, Since most mammalian cells 
are larger than 10 um in diameter, however operation at a 
fixed beam diameter will slow the photodissection process. 

0081. In still another embodiment, the present invention 
further comprises an image capture method and apparatus 
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which enables the operator to Select Specific boundaries of 
the tissue Section 12 to be Scanned and treated, thereby 
Significantly reducing time required to complete the overall 
laser purification process. 
0082 In accordance with the image capture process of 
the present invention, an appropriately stained tissue Section 
12 is covered with a UV transparent quartz coverslip 15 with 
suitable mounting media 13, as described above. The 
assembled slide, tissue Section and coverslip is placed under 
the histologic microScope with attached high resolution 
camera 20. The operator selects the objective to be used 
which preferably is a low power magnification Such as 2x, 
4x or 10x. In one embodiment, the operator then uses a 
toggle Switch 11 to move the motorized Stage in the x,y plane 
Such that the tissue Section appears on the Video monitor 33. 
The user then focuses the image on the video monitor 33 
using the microscope focusing knob. In a preferred embodi 
ment, the image is automatically kept in focus during the 
procedure through Standard autofocus mechanisms known 
to those skilled in the art. 

0083 Viewing each visual field on the video display 33, 
the operator then identifies or markS Specific boundaries of 
the tissue Section to be Scanned and treated. This may be 
performed manually by drawing a line using the mouse, light 
pen, touch Screen, or cursor based System on the Video 
monitor 33. 

0084. In another embodiment, the boundary identifica 
tion can also be accomplished automatically by using the 
mouse, light pen, touch Screen, or cursor based System to 
Select an automatic Scan function on the computer Screen. 
Activating the automatic Scan function causes the Software 
to initiate movement of the Stage in one direction. Using 
image analysis Software, when the edge of the tissue Section 
is reached, it is detected and the coordinates of the edge are 
Stored in computer memory. The Software then causes the 
Stage to be moved and to identify and map the entire outer 
perimeter of the Section using Stage motion algorithms 
known in the art. The entire outer edge of the Section is 
mapped in this fashion. Whether the edge is identified 
manually or automatically, the operator will have the option 
of displaying the shape of the outer perimeter of the Section 
on the video screen 33 to help confirm that the entire section 
has been Scanned. The Software also calculates the number 
of captured images and corresponding number of Visual 
fields needed to view the entire tissue Section, and provides 
this information to the user on-Screen. 

0085 Along with providing the user with the number of 
and visual fields needed to treat the selected portion of the 
tissue Section or the entire tissue Section, a menu of image 
capture options are provided on the Video Screen. The first 
option includes Scanning and capturing images of the entire 
tissue Section. These images are contiguous and mapped in 
the X.y plane by the Software. The Second option includes 
Scanning and capturing images from only a portion of the 
tissue Section Selected by the operator. The third option 
includes Scanning an initial portion of the Section if adequate 
computer memory is not available. Target Selection and laser 
treatment of this initial area must then be completed before 
the computer automatically reenters the image capture 
Sequence for the next region. This is repeated until the entire 
Section is treated. 

0086. In one embodiment, if the operator wishes to treat 
only Specified portions of the Section, the user chooses this 



US 2005/0181470 A1 

option on the menu and Selects an objective having a low 
magnification Such as, for example, 2x or 4.x. The Software 
then triggers the motorized Stage to quickly capture con 
tiguous low resolution images of the entire Section. The tiled 
images representing the entire tissue Section are presented in 
one or more visual fields on the Video display 33, depending 
on the size of the tissue Section. The operator then uses a 
mouse, light pen, touch Screen or cursor System to Select the 
tiles to be treated. After this Selection is made, the Software 
prompts the user to capture images from the Selected tiles at 
resolution adequate for target Selection, which will be deter 
mined by the user's preferences and needs. The target 
Selection and laser treatment are then carried out in accor 
dance with the present invention, as described above. 
0.087 Using the image capture process of the present 
invention allows for greater control over Scanning and 
treatment functions which can greatly expedite the laser 
purification process of the present invention. 

0088. In still another embodiment of the present inven 
tion, a manual method and apparatus for purifying a tissue 
section by ablating the DNA, RNA or protein of unwanted 
cells is disclosed which is more economical (but more time 
consuming). In accordance with this embodiment, the UV 
laser can be mounted on a Standard microScope with motor 
ized or purely manual mechanical microcontrol of beam 
direction. The tissue Section, which can comprise living 
and/or non-living cells, are Supported by tissue Support 14 
and are covered by quartz coverslip 15. Under direct vision 
(through the microscope) while wearing UV protective 
goggles, the user applies the laser beam to the areas desired. 
Areas lased are identified as areas where the dye used to 
Stain the tissue has blanched. To prepare the lased tissue for 
analysis, the quartz coverSlip is removed manually, and the 
portion of tissue to be analyzed is physically removed from 
the Slide using a Sterile Scalpel or Scissors and placed in an 
appropriate reaction tube. The tissue is then placed in a 
buffer appropriate to the analysis desired. 

0089 An automated calibration system for the motorized 
Stage can be used to measure the precision of the Stage 
motion System to allow for correction of potential Stage 
motion inaccuracies. In one Such method, the Surface of a 
test Slide can be marked with the laser at high power, with 
a diffraction limited 5 micron diameter spot at a position 
with coordinates x1,y1. The stage will then be moved 
repeatedly away from X1,y1 to a fixed position X2,y2 and 
back to X1,y1. The position of the optical axis in relation 
X1.y1 will be measured by the image analysis System after 
each excursion using a croSS hair in the viewing path as the 
reference point. This process may be repeated as many times 
as necessary to acquire a large data Set for Statistical analy 
Sis. Displacement from X1,y1 to X2,y2 can be varied to test 
whether precision varies with displacement. Stage motion is 
considered to be highly reproducible if there is an average of 
less than a two micron displacement of the optical axis after 
10 excursions. If Stage motion is highly reproducible as 
defined above, Scanning and user-directed image processing 
of the entire tissue Section (including multiple images) could 
be performed in a single Step, followed by photoablation of 
Selected areas in a Second Step. If Stage motion is not highly 
reproducible as defined above, in order to avoid photoabla 
tion of unselected regions due to imprecise positioning, 
photoablation can be performed after regions to be ablated 
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are Selected from each image, minimizing the number of 
excursions from the optical axis between the time of image 
capture and photoablation. 

0090. A beam width control test routine also may be 
included which directs the System to produce beams of 
varying diameterS Such as, for example, 1, 10, 20, 40, and 
100 um in diameter in rows on a glass slide. Fluence levels 
adequate to etch glass are used initially. Spot sizes are 
measured and analyzed by image analysis for mean values, 
roundness, and coefficient of variation. To be certain that 
fluence level does not affect beam width accuracy, a similar 
experiment may be performed at low fluence (0.01-0.1 
Joules/cm2) on a glass slide coated with commercially 
available fluorescence coated glass beads. Spot sizes can be 
measured and Statistically analyzed with fluorescence imag 
Ing. 

0091. The following examples further illustrate, but not 
limit the operation and application of the present invention. 

EXAMPLE 1. 

Scanning and Separation of TiSSue Containing 
Intimately ASSociated but Genetically and 
Histologically Distinct Cell Populations 

0092 Surgically removed rejected allograft kidneys are 
infiltrated by large numbers of lymphocytes from the recipi 
ent's immune System, So they contain large numbers of cells 
from two different people in intimate association throughout 
the tissue. 

0093. To discriminate these two cell populations using 
the laser Separation method of this invention, six micron 
sections of FFPE rejected kidney samples histochemically 
Stained with a combination of monoclonal mouse anti 
human leucocyte common antigen (DAKO-LCA) and 
monoclonal mouse anti-human monocyte/macrophage 
CD68 (DAKO-CD68) using conditions recommended by 
the manufacturer. This combination of antibodies detects 
epitopes in all intact or partially intact lymphocytes con 
tained within the Section. Detection is performed with goat 
anti-mouse secondary antibodies linked to Cy3 (Oncor 
Image, Inc.), a very stable dye with an excitation and 
emission spectrum Similar to rhodamine. No background 
Staining need be performed, which maximizes the Signal to 
noise ratio in the imaged Section. Using this method of 
Staining, it was confirmed that lymphocytes within those 
rejected kidney Sections produce an intense red fluorescent 
Signal on immunostaining by this method. Using the laser 
Separation System configured to detect Cy3, all fluorescent 
Signals in the Section can be identified. To effectuate Selec 
tive ablation of the invading lymphocytes within the Sec 
tions, the System may be configured to expose the Signal 
producing cell and a 10 um rim around each Signal. DNA 
from one antibody-stained but nonlaser treated Section may 
be included as a control at each locus Studied. 

0094) DNA is isolated separately from single 6 um hema 
toxylin and eosin Stained Sections from rejected transplant 
kidneys using the method described below in example 3. 
Amplification of the 115-128 base pair (“bp”) microsatellite 
polymorphism D18S61 is then performed using DNA puri 
fied from a Section of a rejected transplant kidney. Products 
are obtained by amplifying DNA from two non-laser dis 
Sected rejected kidney Sections, and both show 4 Separate 
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alleles, consistent with the presence of DNA from two 
Separate individuals. This confirms that two Separate geneti 
cally distinct cell populations are present in this tissue 
Sample. Amplification of DNA isolated through photodisec 
tion of tissue Sections of rejected kidney (as described 
above) will reveal only 2 alleles, demonstrating effective 
Separation of the two distinct, intimately associated cell 
populations. 

EXAMPLE 2 

Separation of Tumor Cell in Prostate and Ovarian 
Biopsies 

0.095 Histologic sections from frozen prostate cancer 
biopsies are imaged with light microscopy and noncancer 
ous cells are photoablated using the Brightfield analysis 
protocol described above. In addition, DNA may be isolated 
from adjacent non-photodissected Sections and from non 
cancerous tissue from the Same patients for comparison. In 
prostate cancer Samples, microSatellite polymorphisms on 
chromosome 8p22 (currently thought to be the most fre 
quently deleted chromosomal segment in prostate cancer), 
including D8S261, D8S549, D8S602, and D8S264, for 
example, as well as LPL on 8p21 may be Studied using the 
method of this invention. In another mode of identification, 
fluorescent labelled secondary antibodies (such as Cy3 listed 
above) may be used to detect cells stained with this antibody. 
The laser ablation System can be configured to ablate cells 
that do not exhibit these signals. Selectively purified prostate 
cancer cell RNA and DNA or protein from these sections is 
then obtained and analyzed. 
0.096 Ovarian cancer samples also may be analyzed. 
Histologic Sections from papillary Serous ovarian carcino 
mas may be analyzed and photodissected using brightfield 
microScopy, using the protocol described above. These 
Samples are analyzed for loSS of heterozygosity using mic 
rosatellite loci on chromosome 17q, which has shown loSS of 
heterozygosity in 70% of primary tumors studied. 

EXAMPLE 3 

Purification of DNA from Tissue Sections 

0097. Sections are transferred to a sterile 1.5 ml eppen 
dorf tube using a sterile blade and deparaffinized with 400 ul 
Xylene for 15 minutes with gentle Shaking. The tubes are 
centrifuged at 10,000xg for 2 minutes and the xylene 
removed with a sterile pipette. The material is washed three 
time in 400 ul 100% ethanol. Samples are briefly dried in a 
Vacuum centrifuge until no remaining ethanol is seen. The 
Samples are incubated overnight in 50 ul of a digestion 
buffer containing 100 mM Tris-HCl, 4 mM EDTA, and 0.5 
mg/ml proteinase K, then boiled for 8 minutes to inactivate 
the enzyme and pulse centrifuged. One microliter of the 
product is used for the PCR. 
0.098 PCR reactions and gel electrophoresis may be 
performed as described in the art (Bova, Cancer Res. 
53:3869, 1993). The forward primer is end-labelled for each 
microsatellite locus to be studied by combining 5.0 ul primer 
(20 uM), 1.0 ul T4 polynucleotide kinase (10 U/ul) (New 
England Biolabs), 2.0 u1 10x kinase buffer (0.7M Tris HCl 
100 mM MgCl, 50 mM dithiothreitol pH 7.6), 7.0 ulsterile 
deionized water, and 5.0 ul gamma PdATP and incu 
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bating at 37 C. for one hour. After incubation, the T4 kinase 
is denatured by heating to 68 C. for 20 minutes. 

0099 Primer mix is prepared by adding 75 ul sterile 
deionized water and 5 ul of the reverse primer to the 
end-labelled forward primer. PCR is performed by combin 
ing 1 ul DNA template, 1 ul primer mix, 0.05 ul Taq DNA 
polymerase (5 U?ul) (Boehringer-Mannheim), 1.2 ul 10x 
PCR buffer (100 mM Tris-HCl, 15 mM MgCl,500 mM KC1, 
pH 8.3) (Boehringer-Mannheim), 1.2 ul dNTP mix (equal 
volumes of DATP, dCTP, dGTP, and dTTP each at 10 mM), 
and 7.6 ul Sterile water per reaction. The mix is prepared on 
ice, mixed well, and covered with one drop mineral oil. The 
PCR tubes are preheated to 94 C. prior to placing the 
reaction tubes or plates onto the pre-heated (94. C.) ther 
mocycler (Hybaid Omnigene) After 2 minutes at 94° C., 28 
cycles of denaturation at 94 C.x60 seconds, annealing at 
60° C. (D8S261, D2S123) or 55° C. (D18S61, D17S798)x 
30 seconds, and extension at 72 C.x30 seconds, with 2 
Seconds extension/cycle are performed. The products are 
mixed with 12 ul of stop buffer containing 95% formamide, 
0.05% xylene cyanol, 0.05% Bromphenol blue, and 20 mM 
EDTA. Samples are heated to 94 C. for 3 minutes, then 
placed on ice, and loaded by 1 ul aliquots onto 6% acryla 
mide Sequencing gels containing 8.0 M Urea. Gels are run 
for 1.5-3 hours depending on product size. The gels are 
vacuum dried and exposed to Kodak Biomax film at room 
temperature or -70° C. depending on intensity of the signal 
detected by geiger counter. 

0100. Using the apparatus and method of the present 
invention, the user can Select specific regions of the tissue 
section to be preserved. The device will automatically ablate 
nonselected portions of the Section, while Selected cells 
DNA or RNA will remain intact for subsequent analysis by 
PCR or other genetic methods. By providing convenient 
laser purification of tumor cells from tissue Sections, the 
method and apparatus of the present invention will facilitate 
genetic research in cancer, and will provide a tool for the 
accurate molecular diagnosis of tumors. 

0101 The present invention overcomes prior limitations 
by employing direct vision video analysis of tissue Sections 
integrated with a UV laser and improved tissue handling 
techniques whereby the user can efficiently obtain Samples 
of tumor DNA or RNA of high purity, while at the same time 
obtaining important histological information about the tis 
Sue. By Specially configuring a Standard microscope and 
Stage motion System, a computer, a compact, economical 
laser, and Specialized Software, this System will enhance 
pathologic practice and Speed cancer research. Indeed, the 
present invention permits the examination, Selection and 
destruction of the DNA, RNA or protein of individual cells 
with heretofore unobtainable accuracy, Simplicity and effi 
ciency. 

0102 Since many modifications, variations and changes 
in detail may be made to the described embodiments, it is 
intended that all matter in the foregoing description and 
shown in the accompanying drawings be interpreted as 
illustrative and not in a limiting Sense. 
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1. An image capture method for identifying and Selecting (c) optionally displaying said mosaic of Video images; 
Specific target cells based upon predetermined Selection 
criteria in a tissue Section having a heterogenous population 
of cells, comprising: 

(d) analyzing each frame of Said mosaic of video images 
based upon Said predetermined target cell Selection 
criteria; and 

(a) Supporting said tissue section on a tissue Support under 
a microScope with an objective for viewing Said tissue 
Section; 

(e) Selecting target cells based upon said predetermined 
target cell Selection criteria. 

2. A method according to claim 1, wherein Said analysis 
(b) scanning Said tissue Section with a video camera to and Selection are performed automatically by a computer. 

produce a mosaic of Video imageS representing Said 
tissue Section; k . . . . 


