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Summary.  - Coxiella burnetii is a well-known causative agent of granulomatous inflammation and an 
inducer of morphological changes and transformation of human B lymphocytes in vitro. An association of the 
organism with polymorphic reticulosis (PMR), a malignant granulomatous inflammation characterized by 
polymorphic lymphocytes, was examined. The infection of C. burnetii was demonstrated in all cases tested, 
especially in polymorphic lymphocytes. Also the presence of morphologically transformed peripheral blood 
lymphocytes (PBLs) infected with C. burnetii was demonstrated. In cultures of blood lymphocytes, C. burnetii-
infected polymorphic cells identified as B cells became immortalized in vitro. These findings implicate the 
role of  C. burnetii in the process of PMR. 
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I n t r o d u c t i o n  

PMR has often been referred to as lethal midline 
granuloma, or as a malignant facial mutilating granuloma. 
The disease is thought to represent a localized hyper­
sensitivity reaction resulting in acute or chronic inflamma­
t ion  and  granu lomatous  changes  wi th  polymorphic  
lymphocytes. However, the responsible antigen(s) remains 
unknown. A variety of microorganisms have been consid­
ered possible causative agents but the consistent presence 
of any one has not been found. C. burnetii is known to cause 
a number of diseases of granulomatous inflammation of the 
granuloma type (Racz and Tenner-Racz, 1980); e.g., Q fe­
ver as an acute febrile illness, chronic endocarditis, pneu­
monia, hepatitis, perinatal infection, and lung pseudotumor 

Abbreviations: EBV = Epstein-Barr virus; FBS = foetal bovine 
serum; HCL = hairy cell leukaemia; IFA = immunofluorescence 
assay; LPS = lipopolysaccharide; MARCKS = myristoylated 
a lanine-r ich pro te in ;  M E M  = min imal  essent ia l  med ium;  
MoAb = monoclonal antibody; PBLs = peripheral blood lympho­
cytes; PMR = polymorphic reticulosis; RFLP = restriction frag­
ment  length polymorphism; SIg = surface immunoglobulin; 
TEM = transmission electron microscopy; TRAP = tartarate-re-
sistant acid phosphatase 

(JaniganandMarrie, 1983; Lipton etal, 1987). A n  involve­
ment of C. burnetii in polymorphic transformation of B 
lymphocytes was implicated in a case report of Q fever as­
sociated with hairy cell leukaemia (HCL) where a patho­
gnomic cells were manifested as polymorphic B lympho­
cytes (Vuille and Delafontaine, 1989). Furthermore, we re­
cently discovered that C. burnetii transformed B cells to 
polymorphic cells in vitro (Lee, 1993).The geographic range 
of C. burnetii is essentially global in wildlife and the air­
borne infection is the major route to human infection. C. 
burnetii is extremely infectious in human hosts. One organ­
ism is sufficient to initiate the infection (Tigertteŕa/., 1961). 
Infections of C. burnetii were also reported in humans and 
animals immunosuppressed with cortisone, predenisolone, 
cyclophosphamide or irradiation (Sidwell et al., 1964a,b; 
Kazár etal., 1983; Heard et al., 1985). In the present study, 
an infection of C. burnetii was examined in patients with 
PMR, especially in polymorphic lymphocytes in tissues and 
peripheral blood with the aim to evaluate the association of 
B lymphocytes with PMR. 

M a t e r i a l s  a n d  M e t h o d s  

Patients. Six cases of PMR were diagnosed on the basis of  
histopathological examination of biopsy tissues. The latter were 
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fixed in paraffin blocks (Table 1) and tested for the presence of 
C. burnetii infection by immunofluorescence (IFA) and polymerase 
chain reaction (PCR) assays. Morphology and cultural behavior 
of fresh and cultured PBLs were evaluated in relation to C. burnetii 
infection. 

Tahle 1. S u m m a r y  of the cases of PMK 

Case No. Age/Sex Biopsy Treatments Symptoms 

1 38/F Nasal cavity, COPA, RT 9500 Nasal stuffiness, 
turbinate epiglottis. easy bleeding 
false cord 

2 74/M Nasal cavity COPA, RT 5040 Nasal stuffiness 
3 53/M Nasopharynx, oral COPA, RT 7000 

cavity 
4 44/M Tonsil COPA - Sore throat, 

swallowing 
difficulties 

5 68/M Nasal cavity RT 7000 Nasal stuffiness 
6 51/F Tonsil, tonsillar RT 4500 Referred PMR 

pilla 

COPA = cyclophosphamide, vincristine, prcdenisolonc, adriamycin. 
RT = radiotherapy in cOy. 
F = female; M = male. 

Preparation of tissues for IFA. Paraffin-embedded tissue sec­
tions on microscopic slides were deparaffinized by heating at 60 °C 
for 2 hrs and soaking in xylene for 20 mins.Thcy were then washed 
and fixed in cold acetone for 15 mins. 

Preparation offresh and cultured PBLs for IFA. On delivery, 
a drop of each blood sample was immediately prepared on micro­
scopic slides and examined under a phase contrast microscope for 
morphology. For IFA, the cells were collected on glass slides by 
centrifugation and fixed in cold acetone for 15 mins. For culti­
vation, PBLs were separated from blood by Ficoll-Hypaque 
(Pharmacia) and seeded into plastic culture flasks (Costar) con­
taining Eagle's Minimum Essential Medium (MEM; Hazleton 
Biologies) supplemented with non-essential amino acids (Hazleton 
Biologies), 15% foetal bovine scrum (FBS), penicillin (100 IU/ 
/ml) and streptomycin (100 pg/ml). The cells were incubatcd at 
37 °C in humidified C 0 2  incubator. After about 5 days of cultiva­
tion, PBLs were tested for C. burnetii and cellular markers. They 
were suspended in C a " -  and Mg"-frec phosphate buffered saline 
(PBS; I x 10® cells/ml), and centrifugcd at 13,000 x g for 10 sees 
at 4 °C. 

IFA. Pelleted PBLs were treated with 20 pi of the primary an­
tibody specific to the antigen to be tested (polyclonal antibody to 
C. burnetii, monoclonal antibody (MoAb) to surface immuno­
globulin (SIg); Bcckton Dickinson) for 45 mins. Tissues or cells 
prepared were then treated with rabbit anti-C. burnetii serum 
(Pasteur Institute, France, or ATCC, USA). Cells were then washed 
3 times with C a " -  and Mg f ,-frcc PBS and treated with fluorcscein-
labelled goat anti-rabbit scrum (KPL, USA) for 45 mins. The cclls 
were washed once and the tissues were placed on slides for 
microscopy (Zeiss Epifluoresccncc™, Germany). For controls, 
fresh normal PBLs, negative reference scrum (ATCC, USA) and 

fluorescencein-labelled secondary antiserum were tested in vari­
ous combinations. 

Preparation of specimens for PCR. Target biopsy tissues or 
isolated PBLs were shaken with 100 pi of 0.01 mm glass beads in 
50 pi of phenol : chloroform : isoamyl alcohol (25:24:1) for 
1 min. The same amount of chloroform was then added and cen­
trifugcd to collect the supernatant. DNA was ethanol-precipitated 
from the supernatant at - 2 0  °C. After centrifugation the pelleted 
DNA was washed, dried, and dissolved in 30 pi of distilled water. 

PCR. A pair of oligonucleotide primers (CB1 : 
5'-ACT CAA CGC ACT GGA ACC GC-3', CB2 : 

5 -TAG CTG AAG CCA ATT CGC C-3') was selected according 
to the DNA sequence of the gene encoding superoxide dismutase 
of C. burnetii. The primers were dissolved to concentration of 
0.1 mg/ml for the reaction. The length of the sequence targeted 
for amplification was predicted to be 257 bp. PCR was performed 
with a 10 pi sample in a total volume of 100 pi. The final reac­
tion mixture contained both primers (0.1 pmol/1 each), dATP, dCTP, 
dGTP, and dTTP (200 pmol/1 each), 50 mmol/1 KC1, 10 mmol/1 
Tris-HCl pH 8.3,2.0 mmol/1 MgCl,, 0.01% gelatin, and 2.5 U of 
Taq DNA polymerase (Perkin-Elmer Cetus) and was overlaid with 
100 pi of mineral oil. Samples were subjected to 35 cycles of 
amplification in a DNA thermal cycler (Perkin-Elmer Cetus). The 
amplification cycle consisted of denaturation at 94 °C for 1 min, 
annealing of primers to template at 50 °C for 1 min, and primer 
elongation at 72 °C for 2 mins, and final extension at 72 °C for 
10 mins. PCR products were analyzed by electrophoresis in 2 %  
agarose gel stained with ethidium bromide. 

Restriction analysis. To confirm that the amplified PCR prod­
ucts of the expected size represent the target sequence, they were 
cleaved with restriction endonucleases^M and5g/I known to cut 
within the target sequence. Samples (10 pi) of the PCR mixture 
were digested and then examined by 3% metaphor agarose gel 
(FMC; Bioproducts, Rockland, ME) electrophoresis. 

Microscopy and histochemistry of PBLs. In the primary cul­
tures, morphological transformation of the cells was examined by 
phase contrast microscopy (Zeiss, ICM405, Germany). To observe 
their morphology in detail, the cells were incubated in a micro­
scopic chamber. The dynamic nature of cytoplasmic projections 
was recorded by video-microscopy. The presence of tartarate-re-
sistant acid phosphatase (TRAP) in dendritic cells was verified 
the method of Yam et al. (1971). The presence of C. burnetii in 
cclls was examined also by transmission electron microscopy 
(TEM; Philips CM-10) at 6,000 x to 35,000 x magnification. 

Results  

Pathological findings 

Histopathological analysis was  done  o n  all biopsy speci­

mens  f rom 6 patients diagnosed as  cases o f  P M R .  Diagnosti-

cally, three parts o f  the tissue were considered: cellular com­

partment, compartment o f  fibrin-rich necrotic exudate, and 

compartment o f  granular tissue (Fig. 1 ) .The cellular compart­

ment was densely filled with polymorphic lymphocytes o f  small 
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Fig. 1 
Histopathological examination (A) and detection of C. burnetii by  IFA (B) in biopsy tissue 

or intermediate size. Their nuclei in scanty cytoplasm were 
inconspicuous. In general, they appeared to be smudged or 
stippled with coarse chromatin. Extreme variation in the nu­
clear shape was demonstrated by nuclei of oval, elongate, 
tabulated, baseball glove-like form or cerebriform. In some 
areas, lymphocytes with round nuclei in clear cytoplasm, which 
were proliferating in sheets, were noticed. Cells in mitosis were 
frequent. In the granulation compartment, proliferation of vas­
cular walls with plump endothelial cells was obvious. The 
intravascular space was occupied by atypical lymphocytes simi­
lar to those seen in the cellular compartment. Activated fibro­
blasts and scanty amounts of interstitium were interposed. The 
perivascular arrangement was not conspicuous. Occasionally, 
destructive changes together with fibrin leakage were noticed 
in the vascular wall to which a few lymphocytes closely bor­
dered. All these findings were compatible with those reported 
in cases of extranodal malignant lymphoma. PMR encompasses 
3 stages: the early acute stage, the chronic inflammatory stage, 
and the stage of extranodal malignant lymphoma. Changes seen 
in the 1st and 2nd biopsies of the cases, especially of the case 
No. 1, met the histological criteria of PMR. Large anaplastic 
cells with hyperchromatic nuclei, plasma cells, and other in­

flammatory cells were admixed with the polymorphic lympho­
cytes. 

C. burnetii detected in pathological tissues 

Cells with cytoplasmic granules that specifically absorbed 
fluorescein-labelled anti-C. burnetii antibodies were de­
tected in IFA (Fig. 1). Although the incidence of such cells 
was not frequent in microscopic fields, they were recog­
nized without exception in every specimen examined. In­
fection of the tissue with C. burnetii was further confirmed 
by demonstrating specific gene sequences of  C. burnetii by 
PCR. All the specimens positive for  C. burnetii infection by 
IFA were also positive by PCR assay. 

C. burnetii detected in PBLs 

In immediate IFA for C. burnetii infection in an aliquot 
of fresh PBLs, all (6/6) cases were confirmed to have 
lymphocytes that contained IFA-positive granules in their 
cytoplasm. IFA-positive particles of different size and bright­
ness were randomly scattered throughout the cytoplasm 



272 LEE, W.Y. et al.: C. BURNETII AND POLYMORPHIC RETICULOSIS 

Fig. 2 
Morphology of PBLs after 3 days in culture 

PBLs with dendritic projections (light microscopy, insert). C. burnetii cells with double membrane. Spore-like electron-dense particles 
of diameter 0.3 pm (arrows) inside the C. burnetii cells are seen. 

(Fig. 2a). After cultivation, the cells showed pleomorphic 
cytoplasm with dcndritic projections budding from the cy­
toplasmic membrane. On the basis of ultrastructural studies 
of the granules by TEM, they were regarded as C. burnetii. 
The granules varied in size from 0.3 to I |im in diameter 
and had a double membrane, Spore-like electron-dense par­
ticle (0.3 |xm) inside of the organism were observed. This is 
an unique feature of  C. burnetii among the members of 
Rickettsiae family (Fig. 2b). By demonstrating gene se­
quences specific to C. burnetii in four cultures by PCR, the 
infection of C. burnetii in these cells was confirmed. 

C. burnetii-specific DNA sequence detected in pathologi­
cal tissues and PBLs 

Selected samples (3 of 6 pathological tissues and 3 of 6 
PBL samples) were subjected to PCR. The  C. burnetii-spc-

cific 257 bp sequence was amplified in all of these sam­
ples. In agarose gel electrophoresis, they showed the same 
mobility as compared to that of the PCR product from C. 
burnetii-infected L929 cell line (Fig. 3a). In restriction frag­
ment length polymorphism (RFLP) analysis, the PCR prod­
ucts were confirmed to be the targeted 257 bp DNA frag­
ment, a part of C. burnetii gene for the superoxide dismutase 
(Fig. 3b). 

Culture of C. burnetii-infected PBLs 

Fresh PBLs were maintained in culture for an average of 4 
months. After three days of cultivation, cells with dendritic 
projections dominated in all of the cultures (Fig. 2a). Newly 
established dendritic cell lines were found positive for both 
markers, TRAP and SIg, and infected with C. burnetii 
(Table 2). One of the cultures became an immortalized es-
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Table 2. Detection o f  C. burnetii in  pathologic tissues and  PBLs of 
patients w i th  PMR 

Case No. 
C. burnetii in tissues C.burnetii in PBLs Markers in 

cultured 

SIg T 

Case No. I FA PCR IFA TEM PCR 

Markers in 
cultured 

SIg T 

1 + + + + + .+ + 

2 + + + + + + 

3 + ND + ND ND + 

4 + ND + ND ND + 

5 + + + + ND + 

6 + ND + + + + + 

ND = not done. 

tablished cell line which has since been maintained for more 
than one year. In video-microscopy, the projections were rap­
idly moving in "random directions. One of the cultures was 
immortalized as a dendritic cell line which was persistently 
infected with C. burnetii in vitro. The polymorphic PBLs were 
all infected with the organism and positive for SIg, a B cell 
marker, and secreted polyclonal antibodies in vitro. 

Discuss ion  

Polymorphic reticulosis is thought to represent a localized 
acute or chronic inflammation resulting in granulomatous 
changes with polymorphic lymphocytes. However, the re­
sponsible antigen(s) remain(s) unknown. In this study we 
observed that all patients with PMR were infected with C. 
burnetii. The role of this organism in polymorphic transfor­
mation of lymphocytes was demonstrated by detection of 
C. burnetii not only in the characteristic lymphocytes of 
small or intermediate size in the granulomatous tissues but 
also in the polymorphic lymphocytes detected in the pe­
ripheral blood.The polymorphic PBLs were cultivated in 
vitro and these were found positive for SIg and secreted 
polyclonal immunoglobulins in vitro. Cytoplasmic projec­
tions of the polymorphic PBLs were found to be motile and 
metamorphic in video-microscopy. An intracellular move­
ment of C. burnetii may be responsible for this since peri­
odic contractions and extrusion of the organism-bearing cy­
toplasmic membranes in the polymorphic PBLs was also 
noticed. These findings correspond to our previous ones 
showing that C. burnetii caused polymorphic transforma­
tion of B lymphocytes in vitro and that polymorphic B cells 
infected with C. burnetii could be demonstrated in Coxiella-
positive blood samples (Lee, 1993). 

Although the role of C. burnetii in transformation of B 
cells is not clear, it is known that certain bacteria, e.g. 
Shigella spp. (Maurelli etal., 1992) and Listeria monocyto­
genes (Tilney and Portnoy, 1989), induce changes in cell 

Fig. 3 
Agarose gel electrophoresis of PCR products and their restriction 

fragments 

257 bp long PCR products amplified f rom various samples of DNA iso­

lated from  C. burneti-infected L929 cell line (upper part,  lines 1-5). 

Undigested (lanes 1, 4), and Alul (lanes 2, 5) and Bgtl (lanes 3, 6) di­

gested 257 bp PCR products amplified from C. burnetii-infected L929 

cell line (lower part). 

shape (e.g. during formation of pseudopods for movement 
or engulfment) by rearrangement of actin filaments. In those 
reports, two types of intracellular movement of bacteria in 
cytoplasm, namely the intercellular spread and the organelle-
like movement, are described in infections with Shigella 
spp. and L. monocytogenes. Furthermore, also C. burnetii-
induced morphological changes in human and animal 
lymphocytes were reported. These include extrusion of the 
organism-bearing membranes of C. ^wraeftY-harboring cells 
(Khavkin andAmosenkova, 1981) and emergence of "limbo-
cytes" in humans and animals (Pough and McPherson, 1985; 
Hume et al., 1983), and "podocytes" in a monkey kidney 
cell line after C. burnetii infection (Burton et al., 1978). 
Purified bacterial lipopolysaccharide (LPS) was reported 
to induce development of filamentous arrays in human 
B cells (Albrecht et al., 1990) and "spike-like structures" in 
macrophages (Shinji et al., 1991). Thus, the LPS of the or­
ganism is considered responsible for  the morphological 
changes in C. burnetii-infected B cells. Recently, the mo­
lecular biology of LPS-induced cytoskeletal modulations 
in a macrophage has been disclosed. LPS-induced myris-
toylated alanine-rich protein acts as a substrate for protein 
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kinase C (MARCKS;  Rosen  et al., 1990). Activation o f  pro­

tein k inase  C resulted in displacement  o f  M A R C K S  which 

then binds  actin f i l aments  and  causes  the  f i lopodia  fo rma­

tion in macrophages .  

In addit ion t o  t he  morphological  t ransformation,  the  im­

mortal izat ion o f  po lymorphic  P B L s  was  demonstrated  in 

vitro. T h e s e  cells  proliferated fo r  more  than 6 months  in 

vitro. O n e  o f  these  cul tures b e c a m e  an established cell line 

o f  po lymorphic  lymphocytes  which proliferated fo r  more  

than 1 year  in vitro. Although C. burnetii in B cells  w a s  

reported no t  t o  h a r m  their  proliferation (Khavkin,  1990), C. 

burnetii-induccd immortal izat ion o f  mammal i an  cells, es­

pecially h u m a n  B cells, h a s  never  been  reported.  Epstein-

Bar r  v i rus  ( E B V )  is the  only known agent  t o  immortal ize 

h u m a n  B cells  in vitro. T h e  role o f  E B V  in our  experiments  

cannot  b e  excluded,  s ince the  polymorphic  cells  were  all 

positive for  E B V  antigens (EBNA1,2;  data not  shown).  Thus  

w e  a s s u m e  that  the  role o f  C. burnetii in the  immortal iza­

tion o f  B cells  may  b e  an activation o f  latent E B V  infection. 

T h e  polymorphic  P B L s  were  positive for C. burnetii and 

SIg, a n d  secreted polyclonal antibodies  in vitro. For t issue 

lymphocytes,  a marker  s tudy was  not  available, however, 

their B cell nature w a s  probable s ince the B cell tropism o f  

C. burnetii, especially for  t he  persistent  infection, was  re­

por ted f r o m  animal  experimentat ion (Khavkin and Tabi-

bzadeh,  1988). 
Nevertheless,  C. burnetii i tself causes  acute  o r  chronic  

diseases,  especially in immunosuppressed patients. Thus,  

the testing f o r C .  burnetii infection in P M R  is recommended, 

especially in endemic  regions.  Fortunately, C. burnetii i s  

susceptible t o  antibiotics a n d  appropriate vaccines are avail­

able. T h e  response  o f  the  patients wi th  P M R  t o  antibiotics 

r ecommended  fo r  C. burnetii infection is under  study. 

Acknowledgements. Authors thank Mr. T. Cornish for revi­
sion of the English of the manuscript. This work was supported by 
a grant from the Korea Scicncc and Engineering Foundation 
(KOSEF 941-0700-010-2). 

References  

Albrecht DL, Mills JW, Nocllc RJ (1990): Membrane lg-cyto-
skeletal interaction; III. receptor cross-linking results in 
the formation of extensive filamentous arrays of vimen-
tin. . /  Immunol. 144, 3251-3256. 

Burton PR, Stucckcmann J, Welsh RM, Parctsky D (1978): Some 
Structural effects of persistent infections by the Rickett­
sia Coxiella burnetii in mouse L cells and green monkey 
kidney (Vero) cells. Infect. Immun. 21, 556-566. 

Heard SR, Ronalds CJ, Heath RB (1985): Coxiella burnetii infec­
tion in immunocompromized patients../ Infect. 11, 15. 

Flume DA, Robinson AP, McPhcrson GC, Gordon S (1983): The 
mononuclear phagocyte system of the mouse defined by 

immunocytochemical localization of antigen F4/80. J. 
Exp. Med. 158, 1522. 

Janigan DT, Marrie JT (1983): An inflammatory pseudotumor of 
the lung in Q fever pneumonia. N. Engl. J. Med. 308, 
86-88. 

Khavkin T, Amosenkova N (1981): Release of Coxiella burnetii 
from the host cell. In Burgdorfer W, Anacker RL (Eds): 
Rickettsiae and Rickettsial Diseases. Academic Press, 
New York, p. 335. 

KhavkinT,Tabibzadeh S (1988): Histologic, immunofluorescence, 
and electron microscopic study of infectious process in 
mouse lung after intranasal challenge with Coxiella 
burnetii. Infect. Immun. 56, 1792-1799. 

Khavkin T (1990): Experimental studies of the infectious process 
in Q fever. In Q fever. The Disease, 1, 71-106. 

Lee WY (1993): Hairy cell transformation of peripheral blood 
lymphocytes by Coxiella burnetii. Yonsei Med. J. 34, 
1 , 1 1 - 2 1 .  

Lipton JH, Fong TC, Gill MJ, Burgess K, Eliott PD (1987): Q 
fever inflammatory pseudotumor of the lung. Chest 92, 
756-757. 

MaurelliAT, Hromockyj AE, Bernardini ML (1992): Environmen­
tal regulation of Shigella virulence. Curr. Top. Microbiol. 
Immunol. 180, 95-116. 

Pough CW, McPherson GC (1985): The origin and turnover kinet­
ics of limbocytes. In Van Furth R: Mononuclear Phago­

cytes Characteristics, Physiology, and Function. Matinus 
Nijihoff, Dordrecht, p. 211. 

Racz P, Tenner-Racz K (1980): Durch intrazellulare parasitien 
verurschate granulome. Ver. Dtsch. Ges. Pathol. 64, 126. 

Rosen A, Keenan KF, Thelen M, Nairin AC, Aderem A (1990): 
Activation of protein kinase C results in the displace­
ment of its myristoylated alanine-rich substrate from 
punctuate structures in macrophage filopodia. J. Exp. 

Med. 172, 1211-1215. 
Shinji H, Kaiho S, NakanoT, YoshidaT (1991): Reorganization of 

microfilaments in macrophages after LPS stimulation. 
Exp. Cell. Res. 193, 127-133. 

Sidwcll RW, Thropc BD, Gebhardt LP (1964): Studies of latent Q 
fever infections. I. Effects of whole body x-irradiation 
upon latently infected guinea pigs, white mice and deer 
mice. Am. J. Hyg. 79, 113. 

Sidwcll RW, Thropc BD, Gebhardt LP (1964): Studies of latent Q 
fever infections. II. Effect of multiple cortisone injec­
tions. Am../. Hyg. 79, 320. 

Tigertt WD, Benson AS, Gochcnour WS (1961): Airborne Q fe­
ver. Bacteriol. Rev. 25, 285. 

Tilncy LG, Portnoy DA (1989): Actin filaments and the growth, 
movent, and spread of the intracellular bacterial para­
site, Listeria monocytogenes. J. Cell. Biol. 109, 1597— 
1608. 

Vuillc C, Delafontainc P (1989): Unusual manifestation of Q fe­
ver discloning hairy cell leukemia. Schweiz. Med. Wochr. 
119, 187-191. 

Yam LT, Li CY, Lam KW (1971): Tatrate-resistant acid phosphatase 
isozyme in the reticulum cells of leukemic reticulo-
cndotheliosis. N. Eng. J. Med. 284, 357-360. 


