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Importance of sampling method in DNA analysis
of lung cancer

F A Carey, D Lamb, C C Bird

Abstract
Lung carcinomas are characterised by
considerable histological variation
within the tumour. The possible effects
of this morphological heterogeneity on
the estimation of tumour ploidy were
investigated. Multiple tissue blocks were
systematically taken from 20 lung
tumours and analysed by flow
cytometry. The routine, archival
paraffin wax embedded diagnostic blocks
from these cases were also analysed.
Nineteen (95%) of the tumours were
shown to contain aneuploid stemlines by
systematic sampling, but if only one of
these systematic tissue blocks had been
taken from each case the incidence of
DNA aneuploidy could have been as low
as 45%.' Only 15 (75%) tumours were
aneuploid when all the routine archival
blocks were analysed, but by specifically
selecting tumour areas from the archival
material the accuracy of this method
was increased to 90%.

It is concluded that tumour sampling
methods are of primary importance in
assessing the DNA content of lung
tumours. Routine paraffin wax embed-
ded archival tissue provides a suitable
source of material for this purpose,
provided that "turnover" selection is
carried out.

Studies of tumour DNA content measured by
flow cytometry have shown that determination
of ploidy is a promising prognostic tool in
non-small cell lung cancer."q Zimmerman
et al have shown that the detection of aneu-
ploidy in archival, formalin fixed, paraffin wax
embedded tumour tissue indicates a poor
prognosis, and these authors have proposed
that estimation of tumour DNA content
should be part of the clinical work-up of all
patients with operable lung cancer.1
Lung carcinomas exhibit considerable

heterogeneity of histological, ultrastructural,
and immunohistochemical features within the
tumours.57 In a recent study we showed that
this morphological variability is reflected by
concomitant variation in DNA content.8 The
effect of heterogeneity is that adequate tissue
sampling is of the essence if a lung tumour is
to be properly characterised.

Methods
Twenty consecutive lung tumour resection
specimens were included in this study. Fol-

lowing the routine procedure of the Depart-
ment, lungs were inflated in 10% formol-
saline and allowed to fix overnight. The duty
pathologist, who was unaware that the case
was to be included in the study, then cut the
fixed specimens into slices 1 cm thick and
selected tissue blocks for diagnosis. The lung
specimens were then examined by one of the
authors and the tumour was systematically
sampled in the following manner (fig 1).
Alternate lung slices were selected and blocks
of tissue (about 1 x 0-5 x 0-5 cm) were cut
from the tumour at 12, 3, 6 and 9 o'clock and
from the centre. These blocks excluded
macroscopically obvious necrotic tissue. The
samples were fixed in formol-saline for a fur-
ther 12 hours and embedded in paraffin wax in
the usual manner.
A section was cut from each of these blocks

and stained with haematoxylin and eosin to
confirm the presence of tumour tissue. A 50
jim section was then cut from each block and
prepared for flow cytometry using a modifica-
tion of the method described by Hedley et al.9
The tissue was dewaxed and rehydrated,
mechanically minced, and digested for one
hour at 37°C in a solution of 0-50% pepsin in
0-9% NaCl adjusted to pH 1-5 by adding
hydrochloric acid. The suspension obtained
was filtered through nylon wool and incubated
overnight in propidium iodide. The samples
were centrifuged before being analysed on an
EPICS CS flow cytometer (Coulter, Hialeah,
Florida). Immediately before analysis each
sample was rinsed several times through a
needle to avoid clumping of nuclei which
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Figure I Tissue samples (black squares) are takenfrom
alternate malignant lung slicesfrom the centre of the
lesion andfrom 12, 3, 6 and 9 o'clock (viewedfrom the
hilar aspect with the lung in the upright position).
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Importance of sampling method in DNA analysis of lung cancer

Figure 2 The
"systematic" block (left)
is smaller than a typical
archival block (right).
The former consists almost
entirely of tumour tissue
while the latter also
contains normal lung
(large arrow) and
haemorrhagic and necrotic
tissue (small arrow).
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could lead to a false impression of tumour
tetraploidy. Random samples were examined
by fluoresence microscopy to confirm the
absence of clumping. The flow cytometer is
based on an argon laser tuned to 488 nm with
a 570 nm long pass filter fitted. The machine
was calibrated with standard fluorescent beads
(Coulter UK) before use. A minimum of
15000 nuclei were analysed from each sample.
DNA histograms were interpreted in a stan-

dard manner. In each tumour sample stromal
and inflammatory cell nuclei were present,
providing an internal diploid standard. DNA
aneuploidy was defined by the presence of a

second GO/GI peak which differed from the
diploid GO/G, channel number by at least
10%. Ill defined "shoulders" on the diploid
peak were not included as aneuploid peaks. A
DNA index (defined as the ratio of the chan-
nel number of the aneuploid peak to the
channel number of the diploid peak) was cal-
culated for each tumour sample.
The routine archival (diagnostic) tissue

blocks from each case in the study were

obtained from the departmental file. From
each block of malignant tissue a 50 pm section
was cut and processed for flow cytometry as

described above. Examination by naked eye of
the archival blocks showed that the amount of
tissue contained in each was variable but, on

the whole, was more than that contained in

the blocks selected specifically for flow
cytometry (fig 2). It was also obvious that
many of the routine diagnostic blocks con-

tained non-neoplastic lung tissue, or large
areas of necrosis, or both. To prevent the
presence of such elements masking the detec-
tion of aneuploidy in the tumour tissue, a

further 50 ,um section was cut at a deeper level
from each diagnostic block and a portion of
tumour tissue free of these elements and
equivalent in size to that selected for sys-
tematic sampling, was dissected out using a

scalpel blade. The remaining tissue was dis-
carded and the dissected tumour tissue
processed for flow cytometry.

Results
The tumours were assigned to conventional
histological groups as follows: squamous cell
carcinoma (n = 10): adenocarcinomas (n =

4), small cell carcinoma (n = 3); and one each
of large cell carcinoma, adenosquamous car-

cinoma, and atypical carcinoid tumour.
Systematic tumour sampling yielded a total

of 208 tissue blocks (a mean of just over 10 per
case). Examination of the routinely selected
archival material showed that there were 84
blocks containing malignant tissue (a mean of
four per case).
Table 1 shows the DNA analysis of the

tissue obtained by systematic sampling: DNA
aneuploid stemlines were detected in 19 of the
20 (95%) cases. The DNA indices obtained
varied from 1 2 to 2-5. DNA indices in the
tetraploid range (1-9-2-1) were identified in
five cases. In each of these cases, however,
other aneuploid stemlines (DNA indices 1-2,
1-6, 1-3, 3 0, 1-5) were detected. The DNA
abnormality was thus not merely a nuclear
clumping effect. Heterogeneity of DNA con-
tent was shown in 18 carcinomas (90% of the
total). Of these cases, 12 contained a mixture
of diploid and aneuploid areas; in six aneu-

ploid stemlines of different DNA index were
identified in separate areas of the tumour.

Table I Effect of sampling method in ploidy assessment in lung cancer

Sampling method

Systematic Archival I Archival II

Case No Histology Diploid Aneuploid Diploid Aneuploid Diploid Aneuploid

1 Squamous 1* 4 0 2 0 2
2 Large cell 0 10 0 3 0 3
3 Squamous 0 10 0 3 0 3
4 Squamous 10 0 4 0 4 0
5 Adeno 0 10 1 5 0 5
6 Squamous 0 10 0 3 0 3
7 Adeno 0 10 0 6 0 6
8 Smallcellt 8 2 3 0 1 2
9 Squamous 1 9 5 1 1 5
10 Squamous 1 9 2 1 1 2
1 1 Atypical carcinoid 0 15 0 5 0 5
12 Adenosquamoust 7 4 7 0 0 5
13 Adeno 0 11 0 3 0 3
14 Squamoust 5 1 1 5 0 0 4
15 Squamous 9 3 3 1 1 2
16 Squamous 0 10 2 5 1 4
17 Small cell 7 3 0 4 0 4
18 Squamoust 6 2 3 0 3 0
19 Small cell 4 6 3 1 2 2
20 Adeno 0 10 0 3 0 3

*The figures refer to the number of tissue samples in each case.
tCases whose ploidy state was wrongly designated when initial sections were prepared from routine archival material (archival I).
Only case 18 remained wrongly designated when tumour tissue was further selected (archival II).
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Only one case, the atypical carcinoid tumour,
was homogeneously aneuploid.
On the other hand, when the initial tissue

sections prepared from the routine archival
blocks was analysed, aneuploidy was found in
only 15 of the 20 (75%) cases-that is, in four
cases the routine sampling technique did not
allow for proper assessment of the ploidy state
of the tumour. Seventy seven of the 82
archival blocks contained sufficient tumour
tissue to permit dissection of a second tumour
sample. When these selected tumour areas
were analysed by flow cytometry the number
of cases containing aneuploid stemlines
increased to 18 (90%). Thus in only one case
was the ploidy state of a tumour wrongly
designated when this second method of
tumour sampling was used. In all cases where
aneuploidy was detected in the archival tissue
(either by analysing the initial section of the
full block or by selecting deeper tumour areas)
the DNA index corresponded to that of a
stemline detected by systematic sampling of
the tumour.

Discussion
Since 1983, when Hedley et al first described
a technique for recovering nuclei for flow
cytometric DNA analysis from archival
paraffin wax embedded tissue,9 there have
been many papers published which describe
the use of this technique for predicting the
behaviour of a wide variety of tumours. Zim-
merman et al published follow up data on a
large series of surgically resected lung carcin-
omas and found that ploidy, determined by
analysis of paraffin wax embedded tissue, was
the most important predictor of prognosis on
multivariate analysis.' In his series 45% of the
tumours were aneuploid. Other flow
cytometric studies of lung cancer (based on
analysis of fresh tissue) have shown variability
in the percentage aneuploidy detected (80-
960o), although even the lowest of these
values is considerably higher than that repor-
ted by Zimmerman et al.
Table 2 summarises the data from all the

major series reported to date. Although there
are some differences in tumour stage and
histological type among these series, the most
important variation that might explain the
observed differences is in the tumour sam-
pling technique. The highest percentage
aneuploidy reported (96%) was obtained by
analysing "multiple samples" (number uns-
pecified) taken from both the tumour core and
periphery.' Interestingly this figure corre-
sponds to the percentage of aneuploidy detec-

Table 2 Published reports showing variation in aneuploidy in lung cancer

Percentage of
aneuploidy

Report Method of sampling detected

Bunn et al 1983' Needle aspirates, lymph nodes, bronchial washings 85
Volm et al 19852 Not stated 82
Tirindelli-Danesi et a!' "Multiple samples" 96
Zimmerman et al 1987' Archival 45
Van Bodegom et al 19894 Archival 56

ted in our study by systematic (multiple) sam-
pling of tumours.
We have also found that only a small

proportion (two out of 20 cases) of lung can-
cers show no heterogeneity within the tumour
of DNA content. It must be assumed,
therefore, that the variation in the percentage
of aneuploidy reported in different series is a
function of the differing sampling methods
used; the more widely the tumour is sampled
the greater the chances of detecting aneuploid
stem lines. Indeed, if only one of the tumour
samples taken by us in systematic sampling
has been analysed in each case the possible
percentage of aneuploidy could have ranged
between 45-95%-it is perhaps worth noting
that these figures correspond to the range of
values reported in the various series published
so far.
As the percentage of aneuploidy detected in

the different studies has been so variable it
might be predicted that attempts to evaluate
the prognostic importance of DNA content in
lung cancers would yield conflicting results.
This, in fact, has been the case. Early work by
Bunn et al failed to show any association bet-
ween ploidy and outcome of disease,'0 while
Volm et al' and Zimmerman et all reported a
strong correlation between the presence of
aneuploidy in non-small cell lung cancer and a
poor prognosis. Tirindelli-Danesi et al found
that as only 4% of their tumours were diploid
they were unable to make a valid comparison
between diploid and aneuploid groups.' These
authors did, however, find that tumours with
DNA stemlines of a DNA index of less than 1 0
or greater than 2 0 had a significantly poorer
clinical outcome. More recently Van Bodegom
et al claimed that the proportion of the total
tumour cell population contained within the
aneuploid peak was a better predictor of prog-
nosis than the simple presence or absence of an
abnormal stemline.4

Therefore, it seems likely that in the case of
lung cancer, the tumour sampling technique is
of cardinal importance in assessing the ploidy
state. If flow cytometry is to be of use in
predicting clinical outcome standardisation of
sampling methods is imperative if relevant
comparisons are to be made between different
series. In our study wide sampling of tumour
resection specimens showed that almost all
lung cancers were aneuploid; only 75% ofthese
same cases would have been so designated had
routine archival blocks been used for DNA
analysis. Dissection of tumour areas free of
non-neoplastic or necrotic elements from the
same blocks, however, improved the accuracy
of sampling to over 90%.7 This method for
avoiding sampling errors has been described in
other tissues." We recommend that selection of
tumour areas should always be performed
when DNA analysis is undertaken on paraffin
wax embedded material. Studies are in
progress to assess the value of this method in
predicting the clinical outcome in a large series
of lung cancers.

We thank Eric Miller and Derek Bishop for their technical help
and Helena Black who typed the manuscript. This work was
partly funded by the Cancer Research Campaign.
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there. A photomicrograph not i
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capsular invasion which the auth
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id lesions in
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Advanced Histopathology. GWH Stamp,
NA Wright. (Pp 350; soft cover DM60.)
Springer. 1990. ISBN 3-540-19589-0.

is, supported The arrival of an "Aids to MRCPath" book
photomicro- has been long awaited by histopathology
n enormous trainees such as myself for whom the final
rences to the exam looms large on the horizon. Advanced
alone. Histopathology admirably fills this gap in the

. The author market. Contrary to what its title may sug-

posing views gest, this is not a conventional textbook of
rpretation or pathology; rather, it is a trainee's vade-
ate, compre- mecum aimed specifically at how to pass the
strated. The MRCPath.
clear celled The book is divided into sections covering
insular car- all aspects of the examination including the

r adenoma, written paper, post mortem, practical, and
noma, are all viva voce. The largest section ofthe book (242
included that pages) is devoted to the written exam. Papers
example of have been reviewed back to 1969 and

ior considers specimen answers are illustrated. About one

n follicular quarter of the answers are in the form of essay
of vascular plans, the remainder as explanatory

ransgression. paragraphs. The post mortem and practical
ated on this sections are reviewed in slightly less detail,
d be on the although this is inevitable given the
sponsible for variability of the exam from centre to centre.

The style of the book is informal rather
I DONIACH than didactic and I found it very readable.

One minor criticism is that for many can-
didates at this stage of their career, much of
the information is superfluous; how many of
us need to be reminded to take an extra pen to
the exam in case the one we're using runs out?
This aside, the book is helpful and infor-
mative and will, I believe, help most can-

Fhe Basis of didates optimise their approach to this for-
LvrM> n n midable exam.Pharmacology. 3rd ed. Ed wB Fratt, 1F

Taylor. (Pp 816; £37.50.) Churchill Living-
stone. 1990. ISBN 0-443-08676- 1.

The organisation of most pharmacology texts
is based on organ systems, classes of drugs, or

disease states. In this easily readable but
detailed book a novel approach is taken. The
biological, chemical, and molecular concepts
which are the basis ofpharmacology and thus
underlie the principles of drug action are

presented.
The opening chapters cover the molecular

basis of drug specificity, and this is one of the
few general pharmacology books to include
information on the influence of chirality and
stereoselectivity on the interaction between
the drug molecule and its site of action. Many
examples in which an unusual response to a

drug may be precipitated by hereditary fac-
tors are given in the chapter on pharmaco-
genetics. This book also covers the areas of
carcinogenesis, mutagenesis, and terato-
genesis in addition to drug metabolism,
allergy, resistance, tolerance, and physical
dependence.
There have been tremendous advances in

the understanding of drug action in the 16
years since the last edition of this textbook
and, with the advent of new technology that
knowledge is still evolving. My major criti-
cism is that textbooks which include state-of-
the-art research in a rapidly advancing area

will quickly become out of date. It is to be
hoped that we do not have to wait another 16
years for the next revision. There is a definite
need for a frequently updated text of this kind
available at a reasonable price.

In short, this is a book which will help not
only the pharmacologist, but also the bio-
logical scientist, chemist, and clinician to
understand the factors which regulate and
determine drug action.

L LENNARD

NOTICE'

P DOMIZIO

S

Corrections

We are indebted to Dr Hatcherian of Fresnes
for pointing out some errors in units given in
the article "Thrombotic thrombocytopenic
purpura (TTP) complicating leptospirosis"
(1990;43:961). The fibrinogen concentration
should have been expressed as g/l throughout
(not g/dl as it was in one instance), and the
bilirubin should have been indicated to be
101 umol not 101 mmol. The editors try to be
vigilant about such things, but slip-ups occur
occasionally and we are grateful to the readers
who keep us on our toes.

An error appeared in the paper, Importance
of sampling method in DNA analysis of lung
cancer (1990;43:820-3): in the second to last
line of the abstract tumour selection should
have been printed rather than turnover selec-
tion.
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The Association of Clinical Pathologists
runs a locum bureau for consultant path-
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Applicants with the MRCPath who
would like to do locums and anyone
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Tel and Fax: 0273 678435.
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The annual subscription is £24 for those
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Junior members receive the Journal of
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benefits are reduced registration fees to
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