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Scanning DNA-cytophotometry was performed on touch
imprints of 26 lymph nodes (LN) obtained from 25 patients
with cutaneous T-cell lymphoma (CTCL), stained by the
Feulgen technique, and interpreted without knowledge of
histopathologic diagnosis. Four patterns of DNA distribu-
tion were identified, but only histograms that demonstrated
cells containing nuclei with more than 4C DNA content
(hypertetraploidy) reliably distinguished LN involved with
CTCL from LN with reactive changes; for example, derma-
topathic lymphadenitis. An abnormal DNA histogram with
evidence of hypertetraploidy was demonstrated in 9 of 12LN
showing histopathologic evidence of involvement compared
with no abnormal histograms in 14 LN without histopatho-
logic involvement. One LN that was diffusely involved with

CTCL had a DNA distribution characteristic of a relatively
high level of cell proliferation, but without definite hyperte-
traploidy. Cytogenetic studies on the blood of this patient,
who had Sézary syndrome, demonstrated a clone of lympho-
cytes with a pseudodiploid karyotype without a related poly-
ploid subline. The remaining two histopathologically in-
volved LN had normal DNA histograms; these LN were
only focally involved with CTCL. These observations indi-
cate that DN'A-cytophotometry correlates well with the his-
topathologic findings in LN diffusely involved with CTCL,
but may be normal in LN with focal involvement or in those
that contain cytogenetically abnormal cells with a near-dip-
loid DNA content. ] Invest Dermatol 90:425-429, 1988

utaneous T-cell lymphoma (CTCL), a term that en-

compasses mycosis fungoides and Sézary syndrome,

constitutes a malignant proliferation of thymic-de-

rived lymphocytes that involve the skin initially, but

later lymph nodes, blood, and other visceral organs
[1,2]. The neoplastic nature of CTCL has been substantiated further
by DNA-cytophotometric and cytogenetic studies [3-11]. Clini-
cally, the prognosis of the patient with CTCL and the selection of
modalities used to treat the disease are influenced greatly by the
extent of the disease; that is, cutaneous versus extracutaneous in-
volvement [12]. Thus, in the staging evaluation, alymph node (LN)
biopsy is recognized to be of major importance in the assessment of a
patient with CTCL. Unfortunately, CTCL involvement of LN
may be very difficult to distinguish from dermatopathic lympha-
denitis and other reactive changes unless there is considerable ef-
facement of nodal architecture by malignant T cells [13-15]. For
this reason, investigators have attempted to augment standard histo-
pathologic methods with special studies such as electron micros-
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copy [16], DNA-cytophotometry [13,17], cytogenetic analysis
[4,9,10], immunophenotyping [18,19], and molecular probing for
T-cell-receptor gene rearrangement [20] in an effort to detect small
populations of neoplastic T cells.

Quantitative DNA-cytophotometry is a relatively simple and
sensitive technique that takes advantage of the fact that the malig-
nant cells of CTCL often have an abnormal content of DNA. van
Vloten and co-workers [5,17] used touch imprint DNA-cytopho-
tometry to study skin and LN specimens from patients with CTCL
and presented data showing that an earlier diagnosis was enhanced
by this procedure, but their work has not been confirmed elsewhere.
In this report, we present evidence that, although touch imprint
DNA-cytophotometry is usually abnormal in LN diffusely in-
volved with CTCL, the technique often fails to detect focal in-
volvement or involvement by disease characterized by a lack of

marked polyploidy.

MATERIALS AND METHODS

Touch imprints from LN specimens were obtained at the time of
initial staging or restaging evaluation of 25 patients (20 males, 5
females, mean age 59 years) with histopathologically confirmed
CTCL. The clinical data for these patients are presented in Table I.
Ten LNs were acquired during a3 6-month period from October
1977 to April 1978, with a portion of each specimen processed
concurrently for dual-parameter flow microfluorimetry (FMF)
and/or cytogenetic studies using methods described previously
[8,9]. The remaining 16 LN were processed for touch imprint
DNA-cytophotometry alone during a 1-year period from April
1982 to May 1983. Touch imprints likewise were obtained as con-
trols from 5 patients without lymphomatous disease. Each imprint
was prepared on an acid-washed clear glass slide by gently touching
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Table I.  Clinical Summaries of Patients With Cutaneous T-Cell Lymphoma (CTCL)

Year Onset

Date of

Date of Lymph Stage at Status at Observation Time
Patient Age Race Sex of Symptoms Diagnosis  Node Biopsy Last Contact? Last Contact (months)

1 39 W M 1974 07/76 11/77 IA (TINOBOMO)  D; progression of CTCL 88

2 63 W M 1954 09/77 02/78 IA (TINOBOMO) Ay CR 106+

3 51 w M 1972 10/77 02/78 1A (TINOBOMO) A; CR 106+

4 53 w M 1955 02/78 04/78 IA (TINOBOMO) A; CR 98+

5 5 B F 1954 11/77 01/78 IB (T2NOBOMO)  A; CR 107+

6 58 W M 1978 05/81 04/82 IB (T2NOBOMO) A; PR, CTCL stable 50+

7 56 W M 1974 02/82 04/82 IB (T2NOBOMO) A; PR, CTCL stable 49+

8 66 W M 1968 01/81 05/82 IIA (T2N1BOMO)  D; PR, CTCL stable 52

9 57 w M 1978 04/82 06/82 ITIA (T2N1BOMO) A; CR 52
10 76 B M 1980 01/82 06/82 IIA (T2N1BOMO) A; PR, CTCL stable 54+
11 66 w M 1980 12/82 01/83 IIA (T2N1BOMO) A; PR, CTCL stable 41+
12 54 W M 1963 03/82 04/82 IIB (T3N1BOMO) A; PR, CTCL stable 52+
13 65 W M 1968 03/83 03/83 1IB (T3N1BOMO) A; progression of CTCL 36+
14 67 W M 1981 08/82 09/82 III (T4AN1BOMO) A; CR 40+
15 50 B E 1975 07/77 01/78 IVA (T4N3BOMO) D; CTCL stable 17
16 53 W M 1968 11/68 01/78 IVA (TAN3BIMO)  D; progression of CTCL 54
17 59 W M 1976 01/78 02/78 IVA (T3N3BOMO)  D; CR 21
18 82 w M 1975 04/77 03/78 IVA (T4N3B1MO) D; progression of CTCL 62
19 69 W F 1973 09/76 04/78 IVA (T3AN3BOMO)  D; progression of CTCL 54
20 73 W M 1960 09/72 04/80 IVA (T2N3BOMO) D; progression of CTCL 60
21 67 W M 1981 03/82 04/82 IVA (T3N2BOMO)  D; progression of CTCL 13
22 48 B F 1971 05/74 05/82 IVA (T2N2BOMO)  D; progression of CTCL 51
23 52 w E 1965 05/78 02/83 IVA (T2N3BOMO) D; progression of CTCL 20
24 46 W M 1975 12/76 04/83 IVA (T3N3BOMO)  D; progression of CTCL 38
25 51 W M 1977 10/82 05/83 IVA (T2N3BOMO) A; PR, CTCL stable 38+

o W, white; B, black, M, male; F, female; A, alive; D, dead; CR, complete remission; PR, partial remission.

b Staging according to Mycosis Fungoides Cooperative Group criteria [21].

the freshly cut surface of the LN onto the slide. Touch imprints
prepared on the first 10 specimens were fixed in 100% methanol for
1 h at room temperature, allowed to air-dry, and stored until Feul-
gen staining. Touch imprints from the last 16 LN were fixed in a
mixture of 100% methanol and glacial acetic acid (3:1 v/v) for 1 h
at room temperature and 24 h at 4°C before being air-dried. Use of
the methanol-acetic acid solution was adopted as the preferred
method of fixation, as use of 100% methanol alone resulted in some
broadening of the DNA histograms.

The Feulgen staining procedure was modified from the method
of DeCosse and Aiello [22] and utilized a hydrolysis time of 25 min
in 5N HCl at 37°C and a staining time of 2 h in freshly prepared
basic fuchsin—Schiff reagent (CI #42510) at room temperature.
Specimens were mounted in equal volumes of Permount. All re-
agents were purchased from Fisher Scientific Company, Philadel-
phia, Pennsylvania.

A Vickers M-85 scanning-integrating microspectrophotometer
interfaced with a Hewlett—Packard 9825A computer was used to
obtain cytophotometric data on Feulgen-stained specimens [23].
One hundred lymphocyte nuclei per specimen were scanned ran-
domly at a wavelength of 540 nm. The integrated density per nu-
cleus, which is directly related to the dye uptake per nucleus, gives a
measurement of the nuclear DNA content in arbitrary units.
Chicken erythrocyte nuclei were fixed, stained, and measured with
each specimen to standardize the arbitrary DNA units to a standard
reference and to minimize fixation and staining artifacts. The values
obtained for each specimen were plotted in a histogram of number
of cells versus DNA content (ploidy level).

Paraffin sections of all lymph node specimens were routinely
processed and stained with hematoxylin and eosin and reviewed by
one of us (LWD) without knowledge of the cytophotometric data.

Statistical analysis was performed using BMDP statistical soft-
ware (University of California Press, Berkeley, 1983) in a Cyber
170-750 computer (Control Data Corporation). Fisher’s exact test
was used to compare proportions [24] and the statistic described by
Breslow [25] was used to determine the significance of differences
in Kaplan-Meier survival curves.

RESULTS

Four distinct histogram patterns were identified by DNA-cytopho-
tometry on LN specimens obtained from patients with CTCL (Fig
1 A-D). One pattern (type 1 histogram) consists of a unimodal
distribution of cells centered around the 2C (diploid) DNA value in
seven specimens from patients with CTCL and in two specimens
from controls; this pattern was considered to indicate a quiescent
population of diploid cells (Fig 1A4). The second or type 2 histogram
similarly shows a single peak of cells with 2C DNA content plus an
additional small number of cells (< 5% of the total number of cells)
with DNA values ranging from above 2C to 4C (Fig 1B); this
histogram was observed in eight LN from patients with CTCL and
in two control specimens. Although the possibility that a small
component of aneuploid cells with hyperdiploid to tetraploid DNA
content within the sample cannot be excluded, the type 2 histogram
more likely is the result of a low degree of cellular proliferation of a
diploid population of cells. The type 3 histogram consists of a con-
tinuous distribution of cells ranging from 2C to 4C, a DNA histo-
gram characteristic of a high proportion of diploid cells undergoing
proliferation (Fig 1C); this pattern was encountered in two CTCL
samples and in one control specimen which was interpreted histo-
logically as florid lymphoid hyperplasia. The final pattern (type 4
histogram) is distinguished from the other patterns by multiple
peaks of cells, some with DNA values located beyond 4C (hyperte-
traploidy). This pattern, which often appeared to be a composite of
hyperproliferation and aneuploidy, was observed only in nine sam-
ples from patients with CTCL. It was the cytophotometric pattern
considered to be clearly abnormal in terms of involvement by
CTCL (Fig 1D).

The results of DNA-cytophotometry, histopathologic, and cyto-
genetic studies on patients with CTCL are presented in Table II.
Fourteen of the 26 LN showed only reactive changes, usually diag-
nosed as dermatopathic lymphadenitis, and the remaining 12 speci-
mens showed involvement with CTCL manifested as some degree
of effacement of nodal architecture by atypical lymphocytes con-
taining cerebriform nuclei. Of the lymph nodes considered to be
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Figure 1. DNA-cytophotometry histograms: number of cells (y axis) versus DNA content per cell (x axis; 2C = diploid). (A) Type 1 histogram —

quiescent diploid cell population. (B) Type 2 histogram — low degree of proliferation of a diploid cell population. (C) Type 3 histogram — high degree of
proliferation of a diploid cell population. (D) Type 4 histogram — hyperproliferation and high proportion of aneuploidy (hypertetraploidy).

Table II.  Results of Studies Performed on Lymph Node Specimens From Patients With Cutaneous T-Cell Lymphoma (CTCL)

Source of Cytophotometric Histopathologic Cytogenetic Findings
Patient Lymph Node* Pattern® Diagnosis® (Source of Specimen)
1 A 1 RH Not done
2 A 2 DL Not done
3 I 2 RH Not done
B I 1 RH Not done
5 A 2 DL Not done
6 I 1 DL Not done
7 I 1 DL Not done
8 A 2 DL Not done
9 I 1 DL Not done
10 I 1 DL Not done
11 A 2 DL Random abnormalities (skin)
12 I 2 DL Hyperdiploid clone (skin); normal study
(lymph node)
13 A 3 DL Not done
14 A 2 DL Not done
15A A 1 CTCL (focal) ) Not done
15B A 4 CTCL (focal) Not done
16 A 4 CTCL (diffuse) Pseudodiploid clone with related
hypotetraploid subline (blood)
17 I 4 CTCL (diffuse) Not done
18 1 3 CTCL (diffuse) Pseudodiploid clone (blood)
19 I 4 CTCL (diffuse) Polyploidy with suggestion of
hypertetraploid clone (skin)
20 A 4 CTCL (focal) Not done
21 A 2 CTCL (focal) Pseudodiploid clone with related
tetraploid subline (skin)
22 A 4 CTCL (focal) Random abnormalities (blood)
23 I 4 CTCL (diffuse) Not done
24 1 4 CTCL (diffuse) Not done
25 A 4 CTCL (diffuse) Not done

¢ A, axilla; I, inguinal region; RH, reactive hyperplasia; DL, dermatopathic lymphadenitis.
b See Materials and Methods for definition.
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uninvolved by histopathologic criteria, DNA-~cytophotometry
demonstrated a type 1 histogram pattern in six specimens, a type 2
histogram in seven specimens, and a type 3 histogram in one spec-
imen.

By contrast, of the 12 nodes diagnosed to be involved with
CTCL, atype 4 histogram was demonstrated in 9 instances, indicat-
ing an excellent correlation between positive histopathologic fea-
tures and this particular cytophotometric pattern (P < 0.0001,
Fisher’s exact test). Two other specimens showed a type 1 and type 2
histogram (patients 15 and 21, respectively) and had focal histo-
pathologic involvement by CTCL with only about 5% effacement
of nodal architecture. This ““false-negative” result suggests that in-
adequate sampling may limit the usefulness of touch imprint DNA-
cytophotometry in detecting early involvement, an interpretation
supported by the fact that in three other focally involved specimens
shown to be abnormal by cytophotometry, cells with more than 4C
DNA content (hypertetraploidy) constituted a relatively small pro-
portion of the entire lymphocyte sample compared with specimens
with more diffuse involvement (Fig 2).

The remaining sample obtained from patient 18 showed diffuse
histopathologic involvement with CTCL and a type 3 cytophoto-
metric pattern indicative of marked hyperproliferation without hy-
pertetraploidy (Fig 1C). This exceptional patient had overt Sézary
syndrome characterized by a chromosomally abnormal clone of T
lymphocytes demonstrated in skin, lymph node, and the blood. The
karyotype of the abnormal cells in this clone showed pseudodi-
ploidy, that is, a diploid (2C) amount of DNA with chromosomal
rearrangements, specifically 46, XY, 2q+, abn 12. There was no
evidence of a related subline of polyploid cells. Thus, it seems that
the cytophotometric pattern 3 in this patient was caused by the
proliferation of a large proportion of the pseudodiploid cells con-
taining a 2C amount of DNA when quiescent. Consequently,
DNA-cytophotometry did not discriminate between these abnor-
mal lymphocytes and normal proliferating cells in the absence of
associated definite aneuploidy, that is, hypertetraploidy.

Flow microfluorimetry (FMF) was performed concurrently with
touch imprint DNA-cytophotometry on nine specimens (nine pa-
tients with CTCL, one normal control) with excellent correlation
of the results except for one case. For the lymph node specimen
from patient 2, FMF showed a fluorescence distribution characteris-
tic of a population of cells exhibiting mild proliferation compared
with the single 2C peak (type 1 histrogram) demonstrated by
DNA-cytophotometry. Presumably, this discrepancy reflects the
difference between sample sizes used in the two techniques. Figure
3 shows the close agreement between FMF and touch imprint
DNA-cytophotometry obtained on a lymph node from a patient
with Sézary syndrome. The predominant karyotype of the neoplas-
tic clone in this patient was 50, XY, — 10, — 16, + 2D, + 4 mar with
a related hypotetraploid subline with approximately 84 chromo-
somes constituting 10% -25% of the metaphases examined.

From a clinical perspective, a significant difference in survival
patterns was observed between patients with and without histopath-
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Figure 2. DNA-cytophotometry histogram: Type 4 histogram with hy-
perproliferation but low proportion of hypertetraploidy.

THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

100 Patient No. 16
T Histopathology: Cutaneous T-cell
) lymphoma (diffuse)
o 754
o
-
o
% 504
a
E
3
Z 25+
,—rﬂ"'—\_r"_‘_l .
L) LJ N v
2C 4C 6C 8C

DNA arbitrary units

Figure 3. Top panel —DNA-cytophotometry histogram: number of cells
(y axis) versus DNA content per cell (x axis). Bottom panel—dual-
parameter FMF histogram from patient 16 (500,000 cells counted): number
of cells (y axis) versus DNA content per cell (x axis: G = green fluorescence)
versus cell size (x axis: § = forward low-angle light scatter). Note the pres-
ence of a hypotetraploid cell population detected by both techniques.

ologic involvement (P < 0.0005). Of the 11 patients with involved
LN, only one patient has survived to the present time. Conversely,
of the 14 patients with uninvolved lymph nodes, 2 patients have
died, but in only one case was there clinical evidence of disease
progression, which began 6 years after the lymph node biopsy was
peformed. The probability of survival for 5 yr was 11% for the
former group versus 89% for the latter group. As a type 4 histogram
was the only DNA-cytophotometric pattern found to correlate
strongly to the histopathologic interpretation, it is apparent that
type 4 histograms also have adverse prognostic implications for
patients with CTCL; however, DN'A-cytophotometry did not seem
to provide any additional useful information apart from the histo-
pathologic interpretation for the 11 patients with proven lymph
node involvement.

DISCUSSION

Our results confirm the previous work of van Vloten and co-
workers [13,17] demonstrating an excellent correlation between
DNA-cytophotometry and standard histopathology as a way of
confirming LN involvement with CTCL. Of 25 LN studied by van
Vloten, 10 LN were considered to be histopathologically unin-
volved, of which 2 LN (10%) were abnormal by cytophotometric
criteria. Of the remaining 15 LN with histologic evidence of in-
volvement, 3 LN (20%) showed a normal DNA histogram. The
10% ““false-positive” and 20% *false-negative” results in van Vlo-
ten’s series compared favorably with the 0% “false-positive” and
25% ““false-negative” results in our study.

To be clinically useful, however, DNA-cytophotometry must
not only correlate well with the histopathologic interpretation, but
also recognize early involvement prior to its demonstration by stan-
dard methods. Such a role has been shown for touch imprints of skin
biopsy specimens [5], but we found no evidence that this also occurs
with touch imprints of LNs because we had no instance of an abnor-
mal DNA histogram on a lymph node interpreted as uninvolved by
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histopathology. Indeed, we believe that DN A-cytophotometry ac-
tually failed to detect involvement in two specimens with focal
involvement from patients with a correspondingly poor clinical
course. Increasing the sample size or restricting measurements to
morphologically atypical lymphocytes within a sample may im-
prove the specificity of the test by increasing the likelihood of
detecting cells with hypertetraploidy, thereby decreasing the num-
ber of “false-negatives.”

FMEF appears to be better suited than touch imprint DNA-cyto-

hotometry in detection of small numbers of aneuploid cells
[7,8,1 1]. EMF can be used to analyze, within a few minutes,
200,000 or more cells for DNA content as well as other parameters,
compared with the 100 cells analyzed by scanning cytophotometry
in about 1 h. Small numbers of aneuploid cells would more likely be
identified by FMF not only in the hypertetraploid (> 4C) range, but
also within the 2C-4C range. Caution must be used, however,
when discriminating aneuploid cells within the 2C-4C range from
normal proliferating cells. This is evident from studies utilizing
FMF analysis of benign dermal lymphocytic infiltrates which re-
vealed two hyperdiploid peaks, representative of proliferating and/
or activated lymphocytes, present in 36% of the specimens studied
[26]. These findings, plus our results indicating that not all exam-
ples of CTCL are characterized by alterations in ploidy level (for
example, patient 18 in this series), suggest that abnormal T lympho-
cytes in such cases (with pseudodiploid cells as in the above case and
perhaps chromosomally normal cells as well) possibly can be identi-
fied on large samples by multiparameter FMF sensitive to variables
other than DNA content per cell, such as cell size (light scatter) or
chromatin structuring [8].

In summary, the results of touch imprint cytophotometry corre-
late well with histopathology, especially in diffusely effaced lymph
nodes, but do not seem to provide any additional prognostic infor-
mation; however, on occasion, histopathologically involved lymph
nodes may not manifest abnormalities in DNA-cytophotometry
because of sampling error and/or the presence of abnormal cells
without hypertetraploidy. Therefore, as a diagnostic tool, DNA-
cytophotometry is limited, but it still maintains its heuristic value in
the study of CTCL and in dermatology. Alternative modalities such
as multiparameter FMF and molecular probing for T-lymphocyte
clonality [20], which overcome the limitations of DNA-cytophoto-
metry, may provide a greater capacity to detect early involvement of
CTCL in LNs.

The authors gratefully acknowledge Dr. Claudio Nicolini for his valuable assistance
in EMF analysis. The authors also thank Dorothy Rose and Virginia Steinmetz for
preparation of the manuscript and Bill Witmer for preparation of the figures.
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