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Short Communication

Inconsistency of the Immunophenotype of
Reed-Sternberg Cells in Simultaneous
and Consecutive Specimens from the

Same Patients

A Paraffin Section Evaluation in 56 Patients
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Glauco Frizzera

From the Department of Hematologic and Lymphatic
Pathology, Armed Forces [nstitute of Pathology,
Washington, OC

Both immunophenotypic overlaps between
Hodgkin's disease (HD) and non-Hodgkin’s lym-
bhoma (NHL), and evolution of one into the other
bave been reported However, the underlying assump-
tion that the antigenic expression of Reed—Sternberg
(RS) cells is consistent in the same patient bas not
been evatuated Such an evaluation was underidken
by immunophenolyping paraffin-embedded ym-
Phold tissue biopsies with HD from 56 patients in
whom multiple specimens were obtained, either si-
muitanecusly from different sites or at different
times. The panel of antibodies we used included: CD3
polyclonal antiserum, DAKQ-MI (CD15), L26
(CD20), BerH2 ¢(CD30), MT1 (CD43), DAKO-LCA
{CD45RB), UCHLl (CD45R0), LN2 (CD74), and
DAKG-EMA. The pbenotype of RS cells was identical
in simultanecus biopsies in only 11 of 39 patients
(28% ) and remained constant in consecutive biop-
sies in only 4 of 21 patients (19% ). Major differences
(relative to cell lineage specific antigens) were 0b-
served in 10 of 39 patients with simultanecus biop-
sies and in 10 of 21 patients over time; they mainly
involved expression of T-cell antigens. Minor differ-
ences (relative to any other antigen) were observed
in 22 of 39 patients with simultaneous biopsies and
in 15 of 21 patients over time; these mainly involved
CD15 or CD74 This striking variability of the immu-

nopbenotype of RS cells in the same patient may be
due to aberrani marker expression, as a result of the
neoplastic state and/or to modulation of antigenic
expression in relation to the bost environment This
inconsistency suggests caution when interpreting the
velationship between HD and NHL by paraffin im-
munaphenotyping glone. (Am J Pathol 1992, 141
11-17)

The cell lineage of the neoplastic celis of Hodgkin's dis-
ease (HD}, the Reed-Stermberg (RS) cells, remains con-
troversial; lymphaid cells of B-cell™ or T-cell*® type or
histiocytes/reticulum cells”'° have been favored as the
“cells of origin” in different studies. Although there seems
to be a consensus that the lymphocyte predominance,
nodular (LPN) type is a B-cell disease with the CD20+
CD45+CD15-CD30— phenatype,”™* distinct from
the other types, characterized by a "null” CD45—CD15
+CD30+ phenotype,’®'? inconsistengy of immu-
nophenctypic characteristics of RS cells is recognized
within both of these subdivisions. In addition, immu-
nophenctypic overlaps have been described between
HD and non-Hodgkin's lymphomas (NHLY, such as large
anaplastic cell Ki-1—positive lymphoma® 2" and periph-
gral T-celt lymphoma,?2 producing uncertainties as to the
immunorhenctypic definition of HD. Such uncertainty is
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present in studies reporting the “co-existence” of HD
with, 22 oy its “transformation” into,%”2® NHLs.

Most of the conclusions drawn on cell lineage of HD,
immunophenotypic overlaps with NHL or transitions from
HD to NHL seem to have been based on the implicit
assumption of the stability of the immunophenctype of RS
cells in a given case. However, information to support or
disprove such an assumption is not available. This study
attempts to answer whether the immunophenotypic char-
acteristics of RS celis in paraffin sections remain constant
in the same patient, by comparing the findings in speci-
mens obtained simultanecusly from different sites or at
different times in the same patients.

Material and Methods

The study includes 56 patients from the Armed Forces
Institute of Pathology files that fulfilled the following crite-
ria: 1) a confirmed diagnosis of classic HO?® on multiple
surgical specimens, and 2) availability of parafiin blocks
on each specimen. The tissues were received fixed in
formalin; only two specimens {(obtained 1 week apart
from the same patient} had been fixed in B5. A total of
119 specimens were available, including 113 lymph
nodes, 5 spleens, and 1 tonsil. Sixty-eight specimens
(57.1%) were classified as nodular sclerosis (NS); 24
(20.2%) were classified as mixed cellularity (MCY; 22
specimens {18.5%) were classified as lymphocyte pre-
dorninance {LP), all of the nodular type; and five (4.2%)
were classified as iymphocyte depletion (LD). The spec-
imens were categorized as “simultaneous,” if they were
cbtained at the same time or less than 3 months apart {(a
commonly used clinical cut-off) from separate sites in a
given patient, or “consecutive,” if obtained 3 months
apart or more (range: 3.8-87 months; median: 27) in a
given patient. Thirty-five patients had simultaneous biop-
sies, seventeen had consecutive bicpsies, and in four,
both simultaneous and consecutive specimens were
available. In the interval between consecutive biopsies,
11 patients received radiation therapy only; 6 received no
therapy; 3 received radiation therapy and chemotherapy
(MOPPY; and 1 received chemotherapy only (ABVD). We
found no patient with different morphclogic classification
in simultanecus or consecutive specimens.
Immunoperoxidase stains were carried out with the
avidin-biotin complex technique.® Sections were incu-
bated at room temperature for 30 minutes with the follow-
ing antibodies: polyclonal CD3 (1:100), DAKO-M1
(CD15) (1:100), L26 (CD20) (1:200), BerH2 (CD3D) (1:
40), UCHLY (CD45RC) (1:200), DAKO-LCA (CD45RB)
(1:200), DAKO-EMA {1:100) (DAKO, Carpinteria, CA)
and MT1 {CD43) (1:40} and LN2 (CD74) (1:5) (Biotest,
Denville, NJ). Staining with CD3 and BerH2 was pre-
ceded by protease digestion using protease type VII-A

{Sigma Chemical Co., St. Louis, MO} (0.05%)in 0.1 mol/l
phosphate buffer {pH 7.8) at 37°C for 5 minutes. All re-
actions were developed with 3, 3-diaminobenzidine tet-
rahydrochloride (Sigma Chemical Co., St. Louis, MQ).
Appropriate negative and positive controls were used
with each reaction. The evaluation of the reactivity of RS
cells*® for each antibody was done on coded speck-
mens.

Resulits

Curnulative Immunophenotypic Findings

To assess the comparability of our data with those avail-
able in the literature, we first overviewed the results ob-
tained on the entire seriss of 119 specimens, each con-
sidered as an independent case. Positive reactions were
obtained in the RS celfs with the following frequencies: for
CD30, 70%; CD15, 65%; CD74, 63%, CD3, 27%:; CD20,
18%; EMA, 7.5%; CDA43, 3%; CD45RB, 3%; CD45R0,
2%. Although reactivity with most antibodies was ob-
served in the majority (60—-100%} of RS cells, CD3, MT1,
and DAKO-EMA decorated only a small percentage (10—~
20%) of RS cells. CD3 was detected in the cytoplasm
and/or on the membrane of the RS cells.

When we analyzed specifically the expression of
CD20 ang CD3, in the majority of specimens (67; 56%)
the RS cells did not mark for either CD3 or CO20. In 30
cases (25%), a portion of the RS cells expressed CD3,
but none expressed CD20. In two of these 30 cases,
some RS cells expressed CD43, in ong, some expressed
CD45RC, and in one, some expressed both CD43 and
CD45R0O. Reactivity for CD20, but not CD3, characier-
ized 20 specimens (17%). In twa cases, both CD3 + and
CD20+ RS cells were found; in one of these two,
D43+ cells were also present. The CD3-CD20—
phenotype of RS cells was observed in 4 of 5 LD cases
(80%), 45 of 68 NS cases (66%), and 14 of 24 MC cases
(58%), but in only 4 of 22 LP cases (18%). Specimens
with CD3+, but no CD20+ RS celis represented 34%,
26%, and 14% of the cases classified, respectively, as
MC, NS, and LP; and specimens that showed CD20+,
but no CD3+ RS cells constituted 59%, 20%, 8%, 6% of
the cases classified, respectively, as LP, |.D, MC,
and NS,

Immunophenotypic Comparison of
Simuftaneous and Consecutive Specimens

For evaluation, any difference in the results of our pane! of
nine reagents between specimens obtained at different
sites or differant times from the same patlent was classi-
fied as “major,” when it involved cell lineage specific an-
tigens (CD3, C020, CD45R(C, or CD43), or “minor," when
it involved any other anligens.




As shown in Table 1, the phenotype of RS cells was
completely identical in simuitaneous specimens in only
11 of 39 patients (28%). Differences at different sites were
mostly minor {18/38, 46%). However, in a quarter of the
patients, major differences were found, by themselves
{six patients) or associated with minor differences (four
patients). The major changes in phenctype {Table 2) in-
valved mostly the expression, or lack thereof, of T-cell
markers (15% of patients). The minor differences in phe-
notype (Table 3) involved mostly the expression, of lack
thereof, of two markers, CD15 in 33% of patients (Figure
1} and CO74 in 20.5%.

As shown in Table 1, the phenctype of RS cells in
consecutive specimens remained completely identical
over time in only 4 of 21 patients (19%). In the other pa-
tients, minor changes only (seven patients), major
changes only (two patients), or both (eight patients) were
observed. As with simultaneous specimens, the major
changes between successive biopsies involved aither
the acquisition or the loss of T-cell markers (Table 2} (Fig-
ure 2) and the minor changes, the expression of CD15 or
CD74 (Table 3). CD15 was most often acguired with time
than lost, whereas CD74 was most often lost than ac-
quired.

Discussion

The guestion of the cell lineage(s) of HD remains open.
With only rminor support having being obtained from mo-
lecular genetic studies of antigen receptor gene rear-
rangements and bc/-2 oncogene involvement,®'=? most
conclusions have been based on the immunophenotypic
characteristics of the RS cells. However, the patterns of
antigenic expression of BS cells are notoriously variable,
even within the two main subdivisions accepted, i.e, the
LPN and non-LPN (NS, MC, LD) types.

Some of these variations may be accounted for by
differences in the fixation and/or staining methods used.
For exampie, expression of CD45 by RS cells in non-LPN
cases, which is uncommon (10%) in paraffin sections,™®
was observed in 89% of plastic-embedded cases® and
was found to vary between 3% in NS and 50% in MC in

Table 1. Comparison of Phenotypes in Multiple
Specimens (bx) from the Same Patients

Simultaneous bx Cansecutive bx

No. (%) of No. (%)} of
39 patients 21 patients
No differences 11 (28) 4 {18}
Differences 28 (72) 17 (81}
Major B (15.4) 2{95
Minor 18 (46.1) 7(33.3}
Both 4 {10.3) 8 (38.1)
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Table 2. Major Phenotypic Differences in Multiple
Specimens (bx) from the Same Patieris

Simultaneous bx  Consecutive bx

No. (%) of No. (%) of
39 patients 21 patients
T «» null 6(15)
T— nult 4 {19}
il =T 3(14)
null =» T — null 1 (5}
B < null 2(5)
nult — B — null 1(5)
TeB 1{25)
B&T«B 1(2.5)
B&T—B 1{5)

a series of cases immunophenotyped in paraformalde-
hyde-lysine-periodate (PLP)-ixed frozen tissue ™ Simi-
larly, expression of T-cell antigens on RS cells of non-LPN
HD, which is found exceptionally (around 4%) in paraffin
sections, ' was observed in 40% of lymph-node cytospin
preparations,®* 44% of PLP-fixed frozen cases,®® and
58% of plastic-embedded cases.®® Expression of B-cell
markers in thase same studies was detected in 15%,
10%, 11%, and 26% of cases, respectively.

However, since variations of antigenic expression are
also found within cases of HD similarly fixed and immu-
nostained, explanations other than purely technical are
needed for such variabilty, especially as it relates to
markers of cell lineage. Cne commonly offered explana-
tion is that HD is a heterogeneous group of disorders of
diverse ceff origin®!*334 the LPN type is accepted as a
B-cell disease, but other histologic types may be B-cell,
T-cell, or histiocytic disorders. Other workers seem to fa-
vor & “unitarian” view of HD and read their data and most
of the evidence available as strongly supporting a
B-cell*>8 or histiocytic®”-2® origin for HD. However, rel-
evant to support either view are several questions that
remain unresolved: the cell lineage specificity of some
commenly used matkers, such as cytoplasmic and/or
membranous CO3 or CD20; how to explain cases with
markers of different lineages; why such variations in the
expression of non-ineage restricted markers.

Table 3. Minor Phenonpic Differences in Multiple
Specimens (bx) from the Same Patienis*

Simultanecus bx

Consecutive bx

No. (%) of
39 patients No. {%) of 21 patients
w/gain wiloss

cD15 13 (33) 8(38) 4{19)
CD74 8 (20.5) 2{10) 5 (24}
CcD30 3(8) 3(14)
EMA 2 (5) 1(8)
CDas 1 (2.5} 1 (5}

* The sum of the difierences in simultanecus or consecutive
specimsns is larger than the number listed in Table 1 because mare
than one marker may be differsnt in any case.
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present in studies reporting the “co-existence” of HD
with, 2328 qr its “transformation” into, 2”28 NFLs,

Mast of the conclusions drawn on cell lineage of HD,
immunophenctypic overlaps with NHL or transitions from
HD to NHL seem to have been based on the implicit
assumption of the stability of the immunophenctype of RS
cells in a given case. However, information to support or
disprove such an assumption is not available, This study
atternpts to answer whether the immunophenotypic char-
acteristics of RS cells in paraffin sections remain constant
in the same patient, by comparing the findings in speci-
mens obtained simultaneously from different sites or at
different times in the same patients.

Material and Methods

The study includes 56 patients from the Armesd Forces
Institute of Pathology files that fulfiled the following crite-
ria: 1) a confirmed diagnosis of classic HDP® on multiple
surgical specimens, and 2) availability of paraffin blocks
on each specimen. The tissues were received fixed in
formalin; only two specimens (obtained 1 week apart
from the same patient) had been fixed in B5. A total of
119 specimens were available, including 113 lymph
nodes, 5 spleens, and 1 tonsil. Sixty-eight specimens
(57.1%) were classified as nodular sclerosis (NS); 24
{20.2%) were classified as mixed cellularity (MC); 22
specimens (18.5%) were classified as lymphocyte pre-
dominance (LP), all of the nodular type; and five (4.2%)
were classified as lymphocyte depleticn (LD). The spec-
imens were categorized as “simultaneous,” if they were
obtained at the same time or less than 3 months apart (a
commenly used clinical cut-off) from separate sites in &
given patient, or "consecutive,” if obtained 3 months
apart or more (range: 3.8-87 months; median: 27} in a
given patient. Thirty-five patients had simuttanecus bicp-
sies, seventeen had consecutive biopsies, and in four,
both simultanecus and consecutive specimens were
available. In the interval between consecutive biopsies,
11 patients received radiation therapy only; 6 received no
therapy; 3 received radiation therapy and chemotherapy
(MCPPY; and 1 received chemotherapy only (ABVD). We
found no patient with different morphologic classification
in simuitaneous or consecutive specimens.
Immunoperoxidase stains were carried out with the
avidin-bictin complex technigue.® Sections were incu-
bated at room temperature for 30 minutes with the follow-
ing antibodies: polyclonal CD3 (1:100), DAKO-M1
(CD15) (1:100), L26 {CD20) (1:200), BerH2 (CD30) (1:
40), UCHL1 (CD45R0O) (1:200), DAKO-LCA (CD45RB)
{1:200), DAKQO-EMA (1:100) (DAKO, Carpinteria, CA)
and MT1 {CD43) (1:40) and LN2 (CD74) (1.5) (Biotest,
Denville, NJ). Staining with CD3 and BerH2 was pre-
ceded by protease digestion using protease type VIlIA

(Sigma Chemical Co., St. Louis, MO) (0.05%) in 0.1 mold
phosphate buffer (pH 7.8} at 37°C for 5 minutes. All re-
actions were developed with 3, 3-diamincbenzidine tet-
rahydrochloride {Sigma Chemical Co., St. Louis, MQ).
Appropriate negative and positive controls were used
with each reaction. The evaiuation of the reactivity of RS
calls'® for each antibody was done on coded speci-
mens.

Results

Cumulative Immunophenotypic Findings

To assess the comparability of our data with those avail-
able in the literature, we first overviewed the results ob-
tained on the entire series of 119 specimens, each con-
sidered as an independent case. Positive reactions were
obtained in the RS cells with the following frequencies: for
CD30, 70%; CD15, 65%, CD74, 63%; CD3, 27%,; CD20,
18%; EMA, 7.5%,; CD43, 3%, CD45RB, 3%; CD45R0,
2%. Although reactivity with most antibodies was ob-
served in the majority (60—100%) of RS cells, CD3, MT1,
and DAKO-EMA decorated only a small percentage (10—
20%) of RS celis. CD3 was detected in the cytoplasm
and/or on the membrane of the RS celis.

When we analyzed specifically the expression of
CD20 and CD3, in the majority of specimens (67; 56%)
the RS cells did not mark for either CD3 or C020. In 30
cases (25%), a portion of the RS cells expressed CD3,
but none expressed CD20. In two of these 30 cases,
some RS cells expressed C043, in one, some expressed
CD45R0O, and in ane, some expressed both C043 and
CD45RO. Reactivity for CD20, but not CD3, character-
ized 20 specimens (17%). In two cases, both CD3+ and
CD20+ RS cells were found; in one of these two,
CD43+ cells were also present. The CD3—-CD20-
phenatype of RS cells was observed in 4 of 5 LD cases
(80%), 45 of 68 NS cases (66%), and 14 of 24 MC cases
(58%), but in only 4 of 22 LP casegs (18%). Specimens
with CD3 +, but no CD20+ RS cells reprasented 34%,
26%, and 14% of the cases classified, respectively, as
MC, NS, and LP; and specimens that showed CD20+,
but no CD3+ RS cells constituted 59%, 20%, 8%, 6% of
the cases classified, respectively, as P, LD, MC,
and NS,

fmmunophenclypic Comparison of
Simultaneous and Consecutive Specimens

For evaluation, any difference in the results of aur pane! of
nine reagents between specimens obtained at different
sites or different times from the same patient was classi-
fied as "major,” when it involved cell lineage specific an-
tigens (CD3, CD20, CD45R0, or CD43), or “minor,” when
it involved any other antigens.
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taneously from the same patient (fmmunaperoxidase, X 300).

The question that prompted this study is even more
basic: if the antigenic expression of RS cells is used for
deciding the cell lineage(s) of HD, subclassifying the dis-
ease, and defining 1t in relation to NHLs, how stable is
such phenotyps in a given case? We tried to answer this
guestion, as it pertains to paraffin sections immunophe-
notyping with a well-recognized panet of antibod-
ies, 71935 by comparing the reactivity of RS cells in mul-
tiple specimens obtained from the same patients, either
simultanecusly at different anatomic sites or at different
times during their disease.

Our results over the entire series of 119 specimens we
studied are closely comparable to those compiled from
the literature.™® As suggested by others, the most con-
sistent findings in HD are the expression of CD15, CO30,
and CD74 and the lack of expression of CD45RB,
CD45R0O, CD43, and EMA. =935 |f g limited immuno-
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Figure 2. Cytoplasmic re.
patient (immunoperoxidase, X 300}
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Figure 1. Presence (left) and absence (vight) of reactivity with Lev-M1 (CD15) in KS cells from two different imph

activity for CD3 (left} and lack of it (right) in RS cells from lymph nodes obtained G5 months apart from the same

panel may be suggested from these results for the diag-
nosis of HD, we favor one including CD15, CD20, CD30,
CD4ERB, and CD45R0. In most cases of the LP type, the
RS cells had a "B-cell” {CD3-CD020+) phenotype, as
expected; however, a "null cell" {CD3-CD20—) phe-
notype was observed in 18% of the lesions and CD3 +
RS cells, alone or with CD20+ ceils, were detected in
23%. Positivity for CD3 in RS cells was algo found by
Cibull et al®® in 3 of 8 cases of LPN. As for the non-LP
types of HD in our series, the RS cells had a "null cell”
phenctype in the majority of cases, CD20 reactivity was
seen in 7% of these specimens, a figure closer to the
15% cbtained from the combined data of the lterature™®
than to the 58% reported recently by Schmid et al.3® Re-
activity for CD3 in RS cells was seen in 28% of our non-
PN cases, a figure similar to that obtained by Cibull et al,
33%, using the same polyclonal antibogy, 3
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Whatever the pattern of antigenic exprassion of RS
cells, our study demonstrates that & given immunophe-
notype was identical at two different sites of the same
patient in only 28% of cases and remained unchanged in
consecutive biopsies in only 19% of patients. Major dif-
ferences, i.e., involving the expression of cell lineage
markers, were observed at different sites in 26% of pa-
tients and over time in 48% of patients. The great majority
of these differences involved the expression of CD3. The
significance of this fincing is unclear. in most of the pos-
ive cells in our study and others, 34532 the reactivity for
CD3is cytoplasmic. This has been interpreted as an "ab-
errant” expression by B cells.® This interpretation would
be consistent with the expression of CO3 in three of our
patients, in whom most of the RS cells in the same ana/or
other biopsies were CD20 positive (Table 2). Alterma-
tively, since this and other T-cell markers®234% have
been demonstrated on the surface membranes of RS
cells, most convincingly by immunoelectronmicros-
copy,**4* RS cells with cytoplasmic CD3 might be T
cells, which during activation “have lost the ability .. . o
insert it into the surface membrane."*® If this second in-
terpretation is correct, one would need to postulate in
several cases of HD a biphenotypic (B and T) pattern of
differentiation that has been reported only exceptionally
in NHLs.*2*2 Finally, reactivity of B celis for CD3 may be
explained by crossreactive epitopes on unrelated mole-
cules 44

Minor differenceas, ie., involving the expression of
nonlineage specific antigens, were observed with even
higher frequency, i.e., in 56% of patients in simultanecus
bicpsies and in 71% of patients in consecutive biopsies.
Mast of the minor differences in both situations involved
the expression of CD15 or CO74. Recently, Zukerberg et
ar® have noted that the RS cells express a CD20+
CD45+ phenotype in the absence of the classic inflam-
matory background of egsinophils and/or polymorphonu-
clears, but lose these antigens and become CD15+
CD30+ when this is present. Although the cause-effect
relationship of the two phenomena remains Unresolved,
Zukerberg et al suggested that RS cells might be ablg to
modulate antigen expression and that such modulation
may be “related in some way to hosttumor celi interac-
tion.™*® This provocative hypothess fits well with the high
degree of variability of antigenic expression of RS cells
found in our study at different anatomic sites and over
time in the same patients. Since this variability was higher
among consecutive than among simultanecus speci-
mens, the therapy administered in the interval could be a
factor respansible for some of these variations, by pro-
duging changes in host-turnor interaction.

In conclusion, on one hand, our study confirns again
the immunophenotypic heterogeneity of HD, even within
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the same histologic category. On the other hand, it dem-
onstrates for the first time a striking variability in the pat-
terns of antigenic expression of RS cells even inthe same
patient. Most likely reasons for these variations include
the expression of inappropriate markers, inherent to the
neoplastic transformation or clonal evolution, or the mod-
ulation of antigen expression in reiation to the host envi-
ronment. The poor consistency of the immunophenotype
of RS cells suggests caution in drawing dogmatic con-
clusicns about the call lineage of HD or its relation with
coexistent or subsequent NHLs by paraffin immunophe-
notyping alone.
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