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heim). After the color reaction, the sections were 
counter stained with methyl green. 

20. Tissues of pregnant mice were fixed in 10% buffered 
formalin and embedded in paraffin. Deparaffinized 
tissue sections were stained with hematoxylin and 
eosin, and other reagents such as periodic acid-
Schiff and Masson trichrome if necessary. 
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Laser Capture Microdissection 
Michael R. Emmert-Buck, Robert F. Bonner, Paul D. Smith, 
Rodrigo F. Chuaqui, Zhengping Zhuang, Seth R. Goldstein, 

Rhonda A. Weiss, Lance A. Liotta* 

Laser capture microdissection (LCM) under direct microscopic visualization permits 
rapid one-step procurement of selected human cell populations from a section of com
plex, heterogeneous tissue. In this technique, a transparent thermoplastic film (ethylene 
vinyl acetate polymer) is applied to the surface of the tissue section on a standard glass 
histopathology slide; a carbon dioxide laser pulse then specifically activates the film 
above the cells of interest. Strong focal adhesion allows selective procurement of the 
targeted cells. Multiple examples of LCM transfer and tissue analysis, including poly
merase chain reaction amplification of DNA and RNA, and enzyme recovery from trans
ferred tissue are demonstrated. 

A s basic research links more and more 
genes to the cause of, predisposition for, or 
clinical behavior of specific diseases, the 
medical diagnostic laboratory will be trans
formed. Clinical molecular diagnostic test
ing will involve the measurement of simul
taneous fluctuations of expression of multi
ple genes or genetic alterations occurring in 
developing or diseased tissues; thus, the 
next generation of molecular analysis meth
ods will need to be miniaturized and auto
mated. Several groups have proposed the 
development of image chips or array sys
tems containing thousands of sequences for 
automated hybridization (1, 2). Each chip 
can simultaneously assay for several possible 
genetic mutations or measure the relative 
expression of multiple mRNA species (3). 
Alternatively, a serial analysis of gene ex
pression (SAGE) approach can be used to 
simultaneously assess mRNA expression of 
multiple transcripts (4). With the use of 
polymerase chain reaction (PCR) amplifi
cation and such automated technology, mo
lecular diagnostic testing in the future will 
likely consist of panels of tests rather than a 
few single tests for specific genes. In this 
way, a specific genetic fingerprint will be 
established for each individual lesion, 
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which will be useful for diagnosis and prog
nosis and as a guide to therapy. 

However, even the most sophisticated 
genetic testing methods will be of limited 
value if the input DNA, RNA, or proteins 
are not derived from pure populations of 
cells exhibiting the characteristic disease 
morphology. Several methods have been 
reported for tissue microdissection to ad
dress the problems associated with analysis 
of heterogeneous tissue. These include gross 
dissection of frozen tissue blocks to enrich 
for specific cell populations (5, 6), irradia
tion of manually ink-stained sections to 
destroy unwanted genetic material (7), 
touch preparations of frozen tissue speci
mens (8), and microdissection with manual 
tools (9-12). However, none of these meth
ods offers the ease, precision, and efficiency 
necessary for routine research or clinical 
molecular diagnostic applications. For ex
ample, although manual microdissection 
can achieve good precision, it is time-con
suming, labor-intensive, and requires a high 
degree of manual dexterity. 

To overcome the drawbacks of current 
tissue microdissection techniques, we have 
developed a laser capture microdissection 
(LCM) system (Fig. 1). The method entails 
placing a thin transparent film over a tissue 
section, visualizing the tissue microscopical
ly, and selectively adhering the cells of in
terest to the film with a fixed-position, 
short-duration, focused pulse from an infra
red laser. The film with the procured tissue 
is then removed from the section and 
placed directly into DNA, RNA, or enzyme 

buffer for processing. 
LCM has several advantages over cur

rent tissue microdissection approaches: It is 
simple, requires no moving parts, involves 
no manual microdissection or manipula
tions, and enables one-step transfers. The 
transferred tissue on the film retains its 
original morphology, thereby allowing mi
croscopic verification of the specificity of 
the captured material LCM can be per
formed almost as quickly as photography of 
histologic tissue sections. The use of sterile, 
disposable transfer films minimizes poten
tial contamination, which is particularly 
important for PCR-based analyses. The 
films can be activated with minimal energy; 
small, inexpensive low-power lasers (<50 
mW) that can be attached to standard mi
croscopes are sufficient. LCM has the.po
tential to fulfill the critical needs of basic 
researchers and clinicians to perform tissue 
microdissection on a routine basis. 

The selective transfer and recovery of 
human tissue samples by LCM is shown in 
Fig. 2 (13, 14). These images represent the 
transfer of kidney glomeruli, Alzheimer's 
plaques in brain, in situ breast carcinoma, 
atypical ductal hyperplasia (ADH) of the 
breast, prostatic intraepithelial neoplasia 
(PIN), and lymphoid follicles. We have 
found no limitations on the types of tissue 
samples that can be procured by LCM and 
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Fig. 1 . (A) Transparent EVA thermoplastic film is 
applied to the surface of a routine tissue section 
mounted on a glass slide. The tissue-EVA film 
sandwich is viewed under a microscope, and the 
cells of interest are positioned in the center of the 
field. (B) A focused laser beam coaxial with the 
microscope optics is pulsed to activate the film, 
causing it to become focally adhesive and fuse to 
the selected underlying cells in the tissue section. 
(C) When the EVA film is removed from the tissue 
section, the selected cells remain adherent to the 
film surface. The film is then placed directly into 
the DNA, RNA, or enzyme buffer. The cellular ma
terial detaches from the film and is ready for stan
dard processing. 
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have performed transfers on a range of spec- 
imens, including frozen tissue samples, ar- 
chival paraffin-embedded tissues (surgical - - 
and autopsy), and cytology cell prepara- 
tions. Formalin- or alcohol-fixed tissues as 
well as hematoxylin and eosin-stained or 
unstained tissue can be transferred efficient- 
ly. Each laser pulse selectively transfers one 
small focal region of tissue or cell cluster to 
the film. Thus, a single region of tissue can 
be transferred to the film, or alternatively, 
the operator may move the slide and trans- 
fer multiple regions to the same film; for 
example, all the separate foci of a tumor or 
all the separate kidney glomeruli within a 
tissue section can be procured together on 
one film. 

LCM is markedly faster and easier to 
perform than microdissection with manual 
tools. As an example, an individual glomer- 
ulus can be completely procured from a 
kidney tissue section in < lo  s, and hun- 

dreds of glomeruli can be procured by an 
individual LCM operator in 1 hour with 
minimal effort. Manual methods cannot ap- 
proach this level of microdissection in 
terms of speed or efficiency. Additionally, 
the LCM oDerator visualizes the transfer 
and can thus verify the specificity of the 
procured material. A potential disadvantage 
of manual microdissection is that fragments 
of pulverized tissue can detach from the tool 
and contaminate adjacent dissections. This 
difficulty is not encountered with LCM. 

We observed little or no diminishment 
of PCR amplification of DNA or RNA after 
LCM. Additionally, native enzymes can be 
recovered and assayed for activity. Figure 3 
illustrates examples of analysis after LCM 
transfer (9, 15-1 7). PCR amplification of 
DNA illustrates loss of heterozygosity 
(LOH) at several loci in tumors including 
the BRCAl gene in familial breast cancer, 
chromosome 8p in prostate cancer, the p16 

bar, 200 ym. ike'alyi i&e.bl'ihe + 
r e a i o n c a n b e ~ t W ~ ~ p 9 a e s h a -  

gene in invasive esophageal squamous can- 
cer, and at the putative multiple endocrine 
neoplasia-1 (MEN1 ) tumor suppressor gene 
on chromosome llq13 in a MEN1 gastri- 
noma (Fig. 3, B, D, E, F, and G). Other 
examples include single-strand conforma- 
tion polymorphism (SSCP) detection of a 
single-base mutation in exon 2 of the Von 
Hippel-Lindau (VHL) gene in a hemangio- 
blastoma (Fig. 3H), reverse transcription 
(RT)-PCR amplification of actin and pros- 
tate-specific antigen (PSA) and recovery of 
active matrix metalloproteinase-2 (MMP- 
2) from a frozen prostate cancer sample 
(Fig. 3, I, J ,  and L), and amplification of 
Mycobacterium tuberculosis DNA from a 
granulomatous lesion in the lung (Fig. 3K). 

Transfer film activation can be achieved 
with a variety of lasers. Here, we used a 
carbon dioxide laser, which can be used in 
localized pulsed-laser microsurgery when 
target absorptivity is high (18, 19). Ther- 
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moplastic films exhibit very strong absorp- 
t ion at carbon dioxide laser wavelengths, 
allowing localized heating of the 100-pm- 
thick films wi th l i t t le direct absorption of 
the radiation by the underlying tissue. It i s  
necessary for the targeted f i lm volume to 
absorb sufficient energy to raise the f i lm 
temperature to the fusion point and to pro- 
vide i t s  latent heat of fusion in the presence 
of lateral and axial heat conduction. The 
thermoplastic f i lm then focally fuses to the 
surface of the adjacent tissue and cools 
within 200 ms of the end of the laser pulse. 
With this technique, the adherent tissue is 
exposed briefly to peak temperatures asso- 
ciated wi th the melting point of the f i lm 
(90°C). However. we have demonstrated 
that these brief thermal transients do not  
adverselv affect our abilitv to ~ e r f o r m  sub- , . 
sequent PCR analysis or enzyme activity 
assays (Fig. 3). 

In the field of oncology, the genetic 

Fig. 3. Examples of PCR, RT-PCR, and enzyme 
activity assay after LCM transfer. (A) LCM transfer, 
PCR amplification, and denaturing gel electro- 
phoresis of DNA recovered from an invasive 
breast cancer sample. PCR primer sets were spe- 
cific for microsatellite D8S136 located on chromo- 
some 8p21. The two lanes labeled C contained 
separate regions of transfer film that were placed 
on the tissue sample but were not laser-activated. 
No amplification product is visualized, indicating 
that nonspecific transfer of cells to the film did not 

analysis of microscopic premalignant le- 
sions i s  important to  basic researchers and 
has potential clinical implications (16, 
20-23). These microscopic lesions, which 
represent an intermediate step o f  tumor 
progression from normal cells to frank 
cancer, can offer clues as to  the nature of 
the fundamental alterations that underlie 
cancer development. Additionally, they 
represent potential markers of impending 
malignant transformation that could be 
used by clinicians to  guide therapy or for 
heightened surveillance. LCM is ideal for 
microdissection o f  these small lesions (Fig. 
2, H to  M) .  Depending o n  the needs of the 
operator, the size of the tissue transfer can 
be varied by changing the diameter o f  the 
laser beam and pulse duration. We have 
demonstrated reproducible transfers in the 
60- to  700-pm-diameter range, primarily 
for procurement of small premalignant 
breast and prostate lesions (diameter 100 
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occur. Lanes labeled N and T represent PCR am- '" 

plification of normal and tumor DNA, respectively, 
showing the presence of two alleles (arrows). (B) J K L 
LCM transfer of prostate cancer sample showing 
allelic deletion. DNA from normal epithelium (N) 
and tumor (T) were PCR-amplified at marker 
D8S339 on chromosome 813 and analvzed bv de- 
naturing gel electrophoresis. The upper allele'in the tumor sample is deleted (arrow). Note the complete 
loss of the allele due to the punty of the procured tumor sample. (C) LCM transfer of prostate cancer 
sample analyzed at marker D8S339. Both the normal (N) and tumor (T) samples show the presence of 
one allele, indicating the patient is homozygous at this marker. (D) LCM transfer of prostate cancer sample 
showing allelic deletion. DNA from normal epithelium (N) and tumor (T) were PCR-amplified at marker 
D8S136. The lower allele in the tumor sample is deleted (arrow). (E) LCM and analysis of a gastrinoma 
showing LOH on chromosome l lq13 (marker DllS449) at the region of the putative MEN1 tumor 
suppressor gene. The upper allele in the tumor sample is deleted (arrow). (F) LCM transfer and analysis 
of DNAfrom a breast cancer sample from a patient with BRCA1 mutation-positive familial breast cancer. 
The tumor sample shows deletion of the upper allele (arrow) at marker D8S855 located within the BRCAl 
gene on chromosome 17q21. (G) LCM transfer and analysis of an invasive squamous cell esophageal 
tumor. The tumor shows allelic loss in the tumor sample (arrow) at marker D9S171 in thevicinityof thepl6 
gene on chromosome 9p. The normal and tumor tissue samples were fixed in ethanol before paraffin 
embedding. (H) LCM transfer, PCR amplification, and native gel electrophoresis analysis (SSCP) of DNA 
from a hemangioblastoma, using PCR primers specific for exon 2 of the VHL gene on chromosome 3p25. 
A single-base pair mutation is present in the tumor sample (T) and appears as an additional band. The 
normal control tissue (N) shows two bands representing the sense and antisense DNA strands. (I) LCM 
transfer, RT-PCR amplification, and denaturing gel electrophoresis of actin mRNA from a frozen section 
of prostate cancer (+ lanes, RT-PCR-amplified mRNA from normal epithelium, tumor, and control RNA, 
respectively; - lanes, matching controls prepared without reverse transcriptase). (J) LCM transfer and 
analysis of PSA mRNA from afrozen section of prostate cancer (+ lanes, RT-PCR-amplified mRNA from 
prostate tumor with 1 x and l o x  concentrations of template, respectively; - lanes, matching controls 
prepared without reverse transcriptase). (K) LCM transfer, PCR amplification, and gel electrophoresis of 
M. tuberculosis DNA from a granulomatous lesion in lung (- lane, DNA from normal lung adjacent to the 
lesion; + lane, DNA from a granuloma with histological documentation of acid-fast bacilli). (L) LCM 
transfer of frozen prostate cancer sample analyzed by gelatin zymography. Enzymatic clearing of the gel 
by MMP-2 (gelatinase A) results in the presence of a single band. 

p m  to  1 mm) without encroachment of 
adjacent nonneoplastic cells. Additional- 
ly, normal epithelium o f  the prostate or 
breast can be procured as matched control 
tissue by positioning the center of the laser 
wi th in the lumen of a gland and using 10 
to 20 p,m at the edge o f  the beam to  
selectively target the epithelium. 

In most basic and clinical research stud- 
ies, procurement of several hundred to sev- 
eral thousand cells i s  necessary to provide 
enough genetic material for reliable ampli- 
fication and statistically meaningful analy- 
sis. Thus, transfers of tissue smaller than 
shown in Fig. 2 may not  be needed for 
general diagnostic applications. However, 
because laser beams can be focused to a 
one-cell diameter (-10 p,m), transfers of 
targeted single cells appear possible wi th 
this technique. The smallest transfer dem- 
onstrated in Fig. 2 is 60 pm, and the small- 
est transfers we have performed wi th the 
current system are -30 p,m (24). 
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Structure of the p53 Tumor Suppressor Bound 
to the Ankyrin and SH3 Domains of 53BP2 

Svetlana Gorina and Nikola P. Pavletich 

Mutations in the p53 tumor suppressor are among the most frequently observed 
genetic alterations in human cancer and map to the 200-amino acid core domain of 
the protein. The core domain contains the sequence-specific DNA binding activity and 
the in vitro 53BP2 protein binding activity of p53. The crystal structure of the p53 core 
domain bound to the 53BP2 protein, which contains an SH3 (Src homology 3) domain 
and four ankyrin repeats, revealed that (i) the SH3 domain binds the L3 loop of p53 
in a manner distinct from that of previously characterized SH3-polyproline peptide 
complexes, and (ii) an ankyrin repeat, which forms an L-shaped structure consisting 
of a p hairpin and two a helices, binds the L2 loop of p53. The structure of the complex 
shows that the 53BP2 binding site on the p53 core domain consists of evolutionarily 
conserved regions that are frequently mutated in cancer and that it overlaps the site 
of DNA binding. The six most frequently observed p53 mutations disrupt 53BP2 
binding in vitro. The structure provides evidence that the 53BP2-p53 complex forms 
in vivo and may have a critical role in the p53 pathway of tumor suppression. 

T h e  p53 tumor suppressor pathway ( 1 ,  2) apoptosis (4,  5 ) .  The cell cycle arrest is 
has a central role in suppressing neoplastic mediated, at least in part, by p53's se- 
transformation as it can respond to DNA quence-specific DNA binding (6)  and 
damage by inducing cell cycle arrest (3)  or transactivation functions ( 7 ) ,  which can - .  

Cellular Biochemistry and Biophysics Program, Memorial 
induce the expression of the p21 (Cipl- 

Sloan-Kettering Cancer Center, New York, NY 10021, WAF1) c~cl in-de~endent  kinase 
USA. arresting the cell cycle (8). However, p21- 

Fig. 1. Electron density at the p53-SH3 domain 
interface, contoured at 1.20 (25). The (2F,,,j ; 
lFcaIcj) Fourier synthesis was calculated at 2.2 A 
resolution using phases calculated after omitting 
the interface residues shown, and subjecting the 
model to simulated annealing refinement from 
3000 K. Met243 and ArgZ4* of p53 and Trp498 of 
53BP2 are labeled. 

null mice (9) do not exhibit the tumor- 
prone phenotype of p53-null mice ( lo) ,  
suggesting the existence of additional me- 
diators of p53's tumor suppressing effects. 

In addition to DNA binding, several 
protein binding activities have been de- 
scribed for p53 (1 ). Among these, the bind- 
ing of the 53BP2 protein, which was iden- 
tified by its ability to bind the core domain 
of p53 in a yeast two-hybrid screen (1 1 ), is 
disrupted by alanine substitutions at several 
of the frequently mutated amino acids of 
p53 (1 1 ). To help investigate the signifi- 
cance of the 53BP2-~53~ interaction, we 
have determined the 2.2 A crystal structure 
of the complex containing the p53 core 
dornain and a 229-residue COOH-terminal 
domain of 53BP2 (Fig. 1 and Table 1 ). This 
cornplex forms with a dissociation constant 
of =30 nM as determined by surface plas- 
mon resonance measurements (1 2). 

The 53BP2 COOH-terminal domain 
(residues 291 to 519) contains four 
ankyrin repeats (13), each about 30 resi- 
dues long, and a Src-homology-3 (SH3) 
domain (14)-two distinct structural mo- 
tifs that mediate protein-protein interac- 
tions in diverse regulatory molecules. In 
the crystal structure of the 53BP2-p53 
complex, the ankyrin repeats and the SH3 
domain form a single structural domain as 
they pack extensively against each other 
(Fig. 2, A and B). 

The p53 core domain structure in the 
complex is essentially identical to the crys- 
tal structures of free and DNA-bound p53 
(1 5),  consisting of a p sandwich ,that serves 
as a scaffold for two large loops (the L2 and 
L3 loops) and a loop-sheet-helix motif (HZ 
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