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Abstract 

In a prospective study of malignant cells 
from 13 patients with the l eukemic phase of 
lymphoproliferative diseases, we \vished to deter­
mine \vhether any correlation existed between the 
immunologic markers. and the cell surface ultra­
structure. Five patients had chronic lymphocytic 
l7ukemia,_four had malignant lymphomas , poorly 
d1fferent1ated lymphocytic type, U\O had the 
Sezary syndrome, and one each had acute pro­
lym~hocytic leukemia and acute l ymphocyt ic leu­
kemla. Cell separation and isolation was done 
at room temperature for all specimens. Immuno­
logic markers tested for were surface immuno­
globins, a B-cell property, and E-rosettes, a 
T-cell property. Three patients had T-cell dis­
eases, 6 had B-cell diseases , and 4 \\ere classi­
fied as "null ." All but one patient had moderate 
to large numbers of microvilli on their malignant 
cells . The s~ngle exception had a typical B-cell 
form of chron1c lymphocytic leukemia . There ap­
pears _to be no correlaLion beuveen ~nmunologic 
markers and cell surface ultrastructure ; there­
for:, S~l app~~r~ ~o~ to be_valuable in the diag­
nosls or.class1f1cat1on of lffiffiunologic sub-t)~es 
of certa1n lYrophoproliferative diseases. 
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Introduction 

The identification of human B and T lympho­
~tes by scanning electron microscopy (SEMQ was 
f1rst repo:ted by Polliack et al. in 1973.1 By 
1975, Poll1ack and DeHarven recognized that SEM 
allowed distinction beuveen B- and T-derived 
lymphocytes in many, but not all cases . They 
stated ~hat a~curate identification of lymphocyte 
populat1ons w1th overlappina surface features was 
difficult by SEM alone wi th~ut parallel immuno­
logic identification. 2 Our laboratory had pre­
viously investigated the surface ultrastructure 
and ma:ker characteristics of leukemic cells, with 
emphas~s o~ the types of projections present on 
cells 1n d1fferent types of leukemias.3 The study 
report7d here was a prospective one, designed to 
determ1n~ \vhether or not there was any correlation 
between ~urfac7 ultra~tructure and immunologic 
mar~ers m pat1ents w1th the leukemic phase of 
var1ous lymphoproliferative diseases. Patients 
with hairy cell leukemia were excluded from this 
gro~:~p, as it had previously been shown that their 
mal1gnant cells have a distinctive· surface ultra­
structure characterized by large, undulating, -
broad-based ruffles with an occasional area of 
short microvilli.q 

Methods and Materials 

Thirteen patients with the leukemic phase of 
a lymphoproliferative disease \vere studied from 
September 1975 through September 1976 (Table 1). 
Forty to sixty cubic centimeters of peripheral 
blood w~re drawn into a plastic syringe and trans ­
ferred 1nto sterile vacutainers in which EDTA 
served as an anticoagulant. The lymphocytes were 
then . separated out by the Ficoll-Hypaque density 
grad1ent methed. The cells were washed 2 times 
~ith Hanks' Balanced Salt Solution (HBSS), counted 
m a hemocytometer, and the cell suspension was 
adjusted to 10 x 10 6 cells/ml with HBSS. 

An aliquot of 0. 5 ml was miJ<:ed with 2. 5% 
glutaraldehyde in 1-lillonig' s buffer and slowly 
d:awn down with gentle vacutun onto a 0.2~ silver 
filter mem?ra~e . The aspiration \vas stopped be­
fore the l1qu1d level dropped to that of the 
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membrane; the membrane 1.-as quickly removed while 
still wet, placed in 2. 5% glutaraldehyde, post­
fixed in Os04 , taken through graded sets of alco ­
hol and alcohol :amyl acetate, critical-P?int 
dried in a Bomar SPC-900EX, and coated 1-nth gold 
on a Seevac Conductavac I coater . The specimens 
\vere viewed in either a Coates and Welter Model 
SO or a Hitachi HFS- 2 SB\1. The quantity of micro­
villi on the surface was judged and classified as 
fe1v, moderate, or many. 

A second aliquot of 5 x 106 cells was taken 
for surface immunoglobulin analysis with 
fluorescein-conjugated polyvalent (PV) antiserum 
(Meloy Laboratories, Springfield, Va.). The anti­
serum was diluted 1:4 \vi th phosphate- buffered 
saline, filtered to remove any aggregates, and 
lOOA. were added to the cell sample. This speci­
men was allowed to incubate for 30 minutes at 
ambient temperature, then was rinsed 3 times with 
HBSS. The cells . were viewed on an American Opti­
cal fluorescent microscope and the percentage of 
fluorescing cells was calculated. 

.. 

Another aliquot was taken for a test of E­
rosette formation. A pellet of 5 x 106 cells was 
suspended in 0.4 ml adsorbed fetal calf serum, 
and 0. 4 ml of a 0. 5% solution of '"a shed sheep red 
blood cells in phosphate-buffered saline \vas 
added. The mixture \>'as allmved to incubate at 
37°C for 30 minutes, then spun at 200 x g for 
5 minutes and placed on ice for 2 hours. The 
mixture ,,·as r esuspended by gentle rolling of the 
tube, and 100 cells were counted in a hemocytome­
ter . Only those cells with 3 or more adhering 
erythrocytes were counted as E-rosettes. 

Results 

Results for the 13 patients are presented in 
Table 1. Seven normal adults were studied during 
the period in which the patients included in the 
table were under investigation. In these con­
trols, the percentage of cells positive for Sig 
ranged from 10 to 24, with a median of 18; the 
percentage of E-rosettes ranged from 53 to 74, 
with a median of 55 . 

Table 1. Patient Characteristics , Cell Surface ~~rkers, and Ultrastructural Proj ections 

Abn . Marker 
Patient Histological Cells P.V. E-Ros . Charac - Surface ~1icrovilli 

No. Sex Age Diagnosis WBC/nun3 (%) (%) (%) teristics f.ew Mod. Many 

1 M 53 CLL 7,400 85 2 60 T X 

2 M 48 ~fi..-PDL 40,000 so 0 33 T* X 

3 F 75 ss 19,100 95 0 55 T X 

4 M 63 r.T.T. 3S,ROO 70 qs 21 R X 

5 M 68 CLL 69,000 95 87 0 B X 
' I 

6 M 53 CLL 101600 60 91 28 . B --) ' X I 

7 M 64 CLL 48,000 55 98 1 B X 

8 M 54 t-fi..- PDL 500,000 90 77 10 B X 

9 M 57 ML-PDL 20,800 ll 100 10 B X 

10 M 63 APL 380,000 82 2 12 Null X 

11 F 32 ss 40,000 71 18 12 Null X 

12 t-1 57 ~fi..-PDL 25,4QO 70 6 4 Null .X 

13 H 29 ALL 60,000 96 1 4 Null X 

*The E-Ros. value could reflect normal T-lymphocytes and thus this could also be classified as "null." 

Abbreviations: Histological Diagnoses: 

Sex: M = Male; F = Female CLL = Chronic lymphocytic leukemia 
WBC = White Blood Cell Count ALL = Acute lymphocytic leukemia 
Abn. Cells = Abnormal cells which are histo- l-fi..-PDL = Malignant lymphoma, poorly differentiated 

logically diagnostic of disease lymphocytic 
P.V. Goat anti -human antisera ss = Sezary syndrome 
E-Ros ·. = Sheep erythrocyte rosettes APL. = Acute prolymphocytic leukemia 
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Figure 3. Cells from patient 4 (B-cell CLL) . 
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Figure 2. Cells from patient 3 (SS) . 

d 
Figure 4. Cells from patient 5 (B-cell CLL), 
showing moderate to sparse numbers of microvilli. 

Figure 5. Cells from patient 8 (ML-PDL). 

Representative examples of the surface ultra ­
structure for 2 patients with T-cell lymphoprolif­
erative disease (patients 1 and 3) are shown in 
Figures 1 and 2. It is easily seen that these 
cells are moderately villous. Examples of the 
surface ultrastructure of cells from 3 patients 
(patients 4,5,8) with B-cell diseases are shown in 
Figures 3-5. The cells in Figure 4 are from the 
only patient who was judged to have few microvilli 
(patient 5), as was also evident in a second sam­
ple from this patient. Figures 3 and 5 demon­
strate cells with moderate numbers of microvilli. 
Examples of the surface ultrastructure of cells 
from 2 patients (patients 10,13) with no surface 
markers, or "null" cells , are seen in Figures 6 
and 7. Cells in Figure 6 have many microvilli, 
whe.reas cells in Figure 7 have only a moderate 



number. It is obvious that, even though these 
"null" patients have different diseases and no 
evident markers, the cell surfaces are essen­
tially indistinguishable from those of patients 
with B- or T-cell diseases. 

Discussion 

The lack of correlation benveen immunologic 
markers and surface ultrastructure on cells from 
patients \vith the leukemic phase of lymphoprolif­
erative diseases that is documented in our study 
has been suggested previously. A study of Sezary 
syndrome cells in 1975 included a patient whose 
cells had no imrnunologic markers, but whose cells 
were smooth at one time and villous at two later 
times. 5 These changes were seen by both SFN and 
TIJ.1, thus neutralizing the argument that they 
were a fixation artifact of filtration aspiration 
for Sf..\16; they certainly suggested, hmvever, that 
cell surface ultrastructure might be less easily 
correlated with immunologic markers than first 
reported. 1 A study by Mann et al. 7 on a T-cell 
lymphoma demonstrated a villous surface structure 
of the abnormal cells. An earlier study in our 
laboratory shm.:ed several patients with non-B or 
"null" cell lymphoproliferative diseases who had 
abnormal cells, most of which were villous. 3 

Sanders et al.a stressed the importance of ; 
preparing cells fixed in suspension and demon- '.· 
strated human mononuclear cells that had either 
multiple micrqvilli or ruffles. Alexander and · 
Wetzel9 viewed human lymphocytes fixed in suspen­
sion and found them to be uniformly covered with 
short microvilli. They also concluded that · 
lymphocytes from subpopulations selectively en­
riched for T cells are villous and indistinguish­
able from B lymphocytes. Subsequently, Alexander 
et al.6 showed that the purported difference be­
tween human T- and B-cell surface morphology was 
an artifact. They demonstrated that the tech­
nique of aspiration filtration smooths the sur­
faces of iliving cells in direct contact with the 
filters, and that ' portions 'o£ some of the cells 
are aspirated into the filter crevices. They 
studied one patient with T-cell Sezary syndrome 
whose percentage of smooth cells, when fixed in 
suspension, was 1. 6; \vhen they were fixed after 
aspiration filtration, their percentage was 8L2. 
Approximately the same percentages were found for 
a patient with B-cell chronic lymphocytic leuke­
mia. Catovsky et al. 1 o studied B, T, and "null" 
cell leukemias with Sf..\1 and found that some cells 
in each group had a smooth surface. Therefore 
they felt that leukemic B lymphocytes include a 
spectrum of cells possessing relatively sparse 
to very dense surface projections. 

In order to prevent the preparation arti­
facts described, 6' 9 we fixed our cells in sus­
pension prior to membrane aspiration and only 
vie\ved groups of cells which were not directly 
adjacent to the membrane. Using the suggested 
methodology in a prospective study of the leukemic 
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phase of lymphoproliferative diseases, we found 
no correlations between the immunologic marker s 
and cell surface ultrastructure. Our observations 
support the suggestion made by Catovsly et al. 1o 
and are certainly consistent with the explanations 
advanced by both Alexander and Wetzel9 and by 
Alexander et al.6 We conclude that the original 
report1 of an association cannot be substantiated, 
and that Sf..\1 analysis has little value in the 
diagnosis or classification of immunologic sub ­
types of lymphoproliferative diseases. 
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Figure 6. Cells from patient 10 (APL). 

Figure 7. Cells from patient 13 (ALL). 
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DISCUSSION WITH REVIEWERS 

Re.viewelt I: In .te.uk.emic. Wr.c.ui.a..:Ung c.e..Uo, d 
.6 e.em-6 .tha;t .6Wt6ac.e. .6.tltuc..tWle. and J.mmuno.togic.a.t 
maJtk.elt.6 do rw.t c.olv'te..f.a;te. . BtU: .to c.o nc..tude. 6Aom 
.tha;t, .tha;t "SEM appe.a.M no.t .to be. va..tuab.te. in .the. 
diagno.6i.6 OA c..ta.M.i.6.{.c.a..:Uon •.• " i.6 a 11 UY!LI)(l/'LAct ;z.te.d 
peA .6 .i.nli.6.tic. .6 .ta;tem e.n.t. P .tecvs e. c.omm e.n;t. 
Authors: SEM is helpful in distinguishing dif-

- ferences between various : lymphoproli:f;erat:j..v.e .. dis -. 
eases .such as 'hairy cell leukemia and CLL as 
demonstrated in text reference 4. However, in 
the dia~osis of immunologic sub-types of certain 
lymphop~oliferative diseases such as CLL or 
ML-PDL, SFN does not appear to differentiate 
cells classified functionally as B or T. 

Re.vie.welt V: Re.6 elte.nc.e. -i-s made. .to pa..:Ue.n.t.6 wfw 
have. ne.op.f.M.tic. c.e..Uo, Mme. o6 whic.h have. J.Jmoo.th 
.6Wl6ac.v.. and .60me. wi..;th v.i..UoU-6 .6Wt6ac.eA. Re.6elt­
e.nc.e. i.6 a.f.J.Jo made. .to a pa.;Ue.n.t wi..;th SezaJty J.JyYL­
dAome. who.6e. c.e..UJ., Welte .6moo.th a;t one. .tJ.me. aY!d 
v-i-UoU-6 a;t 2 .f.a;telt .t-i.meA . HM aYLy c.oMe..ta..:UoYL 
be.e.YL a.t.temp.te.d wi..;th de.glte.e. o6 anapf.Mla o1r. w-U:h 
a11y o.thelt paJtame..telt whic.h migfl-t give. in.6igfl-t M 
.to .the. me.c.hal'!i.6m.6 o6 .thi-6 6e.a;tWte. o6 .6Wt6ac.e. 
ui..tltM.tltuc..tWle. o6 .the. •te.op.f.M.tic. c.e.U? 
Authors: The histological diagnosis is a reflec­
tion of the degree of anaplasia as ALL is the 
least differentiated, ~~-PDL is of intermediate 
differentiation, and CLL is the most differen­
tiated. Thus, cell surface microvilli do not 
seem to correlate \-lith degree of anaplasia. 

Re.viewelt 111: 2. 5% gfu.ta!ta.tde. ftyde. l\!a.-6 U-6 e.d M a 
6ixa..:Uv e. . Se.e.iYLg .that 0.6mo.ta.tdy a6 6 e.c..t-6 .6Wt6ac.e. 
aJtc.We.c..tWte. , c.oui.d .the. au.thoM J.J.ta.-te. what .the. 
o.6mo.ta..Wy o6 .the 6.i_xa..:Uv e. uJ.J e.d WM? How .toYLg 
Welte. .the. c.e..Uo Mxe.d 6olt pA.i.Oit .to Mpilta..:UoYL OY! 
.to .the. 6.i..Uelt.6 ? 
Authors: The osmolality was approximately 
320 mOs and the cells were fixed for between 
1 and 5 minutes. 

Re.viewelt 1: Coui.d .the. au.thoM indic.a;te. OY! wha;t 
gltouYLd .they appaJte.•1ily M.6um e. .that .they alte. .took.­
iYLg a.t .the. e.n.tilt e. popui.a.;Uon o6 c.e..Uo aYLd no.t a;t 
a "-6 e..te.c..te.d" J.Jamp.te.? 
Authors: Only patients with the leukemic J?hase 
of a lymphoproliferative disease were stud1:d .. 
In all patients, except No. 9, the great maJOrlty 
of cells were abnormal. Thus, cells harvested 
on the membrane should be representative of the 
population, regardless of cell loss. 

Re.vie.t<Jelt 111: Could .the. au.thoM give. de..ta.-Lf.-6 o6 
how maYL y c.e..Uo Welte. c.oun.te.d pelt .6amp.te.? How WM 
.the. "qua•Lti..;ty o6 mic.Jtov-0Ui judg ed and c..ta-6.6i6.{.e.d" 
M 6ew, mode.Jta;te., and many? 
Authors·: . Nany- cells · were · exatn:ined directly by 
SEM and approximately 200 cells per sample were 
evaluated for microvilli from micrographs. The 
quantity of microvilli was judged o~ a qualit~­
tive basis as is reflected by the f1gures. S1nce 
the study was undertaken to determine trends in 
associations beuveen SEM and immunologic markers, 
and since there was not even a suggestion of a 
correlation, no extra effort was made to do cell­
by-cell microvilli counts. 

Re.vie.tVelt 11: Have. you c.ompa!te.d .tymphoid c.e..t..e.-6 in 
.thu e. pa.:ti.e.n.t-6 Mxe.d dilte.c..t.ty 61tom ve.YLOU-6 b.tood 
in g.ttl.:tlv'ta..tde.hyde. and .tho.6 e. plte.paJte.d in .the. plte.-6-
e.n.t me-thod? 
Authors: \Ve have not fixed lymphoid cells in 
these patients directly from venous blood in 

_glutaraldehyde. Hm~_ever, w~ .have fi?C~~ spl:en 
·' tissue .ffoin ·patients with hairy cell leukem1a 

directly into glutaraldehyde and compared it to 
spleen cells after separation in a Ficoll-Hypaque 
gradient. There was little difference between . 
the projections on the cells from either speci­
men . 
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Re.vie.t<Jelt I II : I.t .too k.-6 6Mm .the. au.thoM -6 c.an.ty 
.tabui.a;te.d data .tha;t in CLL only one. o6 .the. 5 
c.Me.-6 hM many mic.Jtov-0Ui. Vupde. .tfte. 6ac..t .tha;t 
i..;t woui.d be. di6Mc.uU .to dAaw c.onc..tuJ.Jion-6 lte..f.a;t­
ing .to .6uc.h J.Jmail numbelt.6 o6 c.MeA (9 in aU), i..;t 
appe.aM .that .tymphoma c.e..Uo molte. 6-'le.que.n.t.ty have. 
many mic.Jtov-0Ui. Vo .the. au.thoM 6e.e..t .that .tlti.6 
may be. o6 .6igni6ic.anc.e.? 
Authors: The importance of a qualitative analy­
sis of just nine cases as to the amount of micro­
villi on CLL versus ~-PDL cannot be drawn from 
this study. The message of the study is that 
there is no apparent correlation ben•een immuno­
logic markers and cell surface projections in 
spite of earlier suggestions in the literature. 



DISCUSSIO!\ WITH REVIEWERS CONT'D. 

Rev-i.eweM> I I and IV: I n Patien-t No. 1, wheJte. .the. 
count -i-6 7,400 /mm3 , how WM the. pe!tc.e.ntage. on ab­
HO!tma.l c.e..f.-e-6 o b:ta-i.ne.d? It may be. tit at tliM WM 
a c.Me. o6 .tymplwma , we£1.-d-i.66eJte.ntiate.d, and the. 
T c.e..f.-e-6 obta-i.ne.d t ~e!te. noJtma.t pe.Jt-i.plte.Jta.l t ympho­
c.ytM. It -i-6 -i.n.:te/te/.lting that tliM -i-6 the. onf.y 
C LL wah T c.e..f.-e-6. 
Authors: The high percentage of lymphocytes re­
sults in an absolute count of greater than 
SOOO/rrun 3 , which is consistent with CLL. In a 
patient with adenopathy and a lymph node biopsy 
also consistent with CLL, and with an E-rosette 
percentage of 60%, we have ciassified this pa­
tient as T-CLL. lie agree that an alternative 
explanation could be considered. Time and follow­
up should answer this ques tion. 

Rev-i.ewe.Jt III : I~ d c.oJt.Jtec.t to M~wne. 6Jtom the. 
tab.te. that c.M e/.l 4 and 6 had 6ttom 1 6 - 79 % o 6 
c.e..f.-e-6 . w.(;th both mMkeM> , · ~ e.ung that the. nwnbe!t 
o6 E-Jt.Me.tt-i.ng c.e..U..~ and thMe. poo-i.tive. 6oJt PV 
add up to 116 and i 19% lte/.>pe.c.tive.f.y? 
Authors: We doubt 1vhether 16-19% of cells had 
both markers. 

Re.v-i.e.weJt I: The. a.u.:thoM ~e.e.m to m-i.x b-i.bt-i.ogJt.aph-i.­
c.at Jte.6 eJtenc.M Jte.f.a.ted to 1101tmaf .tymphoc.tjtM to 
tho~ e. c.onc.e.Jtn-i.ng .te.uk.e.m-i.c. .tympfwc.yte/.> . Vo they 
Jtui.e. out the. poM.i.b-<-Uty that ~ uJt. 6ac.e. d.i.6 6 eJte.nc.e/.> 
m-ight e.wt be..trce.en ~ubpopuf.a.tion~> o 6 rwJtma.l 
c. e..f.-e-6 wh-i.c.h do no.t peM>-Wt -i.n .te.uhe.m.i.c. c.e..f.-e-6? 
Authors: Text reference 9 has answered this ques­
tion. The authors demonstrated "similar.i ty of 
B anJ T cel l surface morphology ." 

Re.v.i.e.weJt III: lvte. l10t the/.>e. Mnd.i.ng~ bt tte.i.a.tion 
to C L L c.e.Jt,ta-i.nf.y ~-i.m-i.f.aJt. to tit e. c.o nc.i.M.i.o n~ tc.,e.­
c.Oitde.d .i.n •muc.h e.MlieJt public.a.:t..iosi6 -i.n the. Lt.t~ 
Plrf.l:flllr P? 

Authors: - Although Polliack (Scanning Electron 
~ticroscopy/1976/II, 31-40) reported that most 
cases of CLL had moderate to markedly villous 
surfaces, he made no correlation lvi th immunologic 
markers. 

Re.v-i.eweM> I and III: How do youJt. 6.i.nd.i.ng~ Jte.i.ate. 
to Re.yM e.t at., 7975 (J. Exp . Me.d. 141 , 392, 
7975)? -
Authors: They demonstrated a relationship benveen 
villous surface and surface immunoglobulin in nor­
mal cells. However, two cases of CLL had smooth 
surfaces and detectable surface immunoglobulin, 
while one case of Sezary syndrome had villous 
projections and lacked surface immunoglobulin. 
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