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ABSTRACT: Cytogenetic studies have been reported in fewer than 20 patients with l ymphoma of mucosa 
associated lymphoid tissue (MALT). Two patients with this disease at the Clinical Center, National Insti- 
tutes of Health had numerical and structural chromosome abnormalities, including + 12 in both cases. 
The clonal karyotypes observed were 48-49,XX, t(2;8)(q33;p23), + 3, - 10,del(10)(q23), + 12, + 18 [cp] and 
47,X, -X,i(6p), +7, + inv(12)(p13q13). Review of cytogenetic studies from published data showed that all cases 
of MALT lymphoma reported to date also have both numerical and structural chromosome abnormalities, 
the most frequent being numerical involvement of chromosomes 3, 7, and 12. Identification of a clonal 
abnormality can help establish the diagnosis when differential diagnosis includes atypical hyperplasia. 
Although trisomy 12 has been associated with a poor prognosis in B-cell chronic lymphocytic l ymphoma 
(B-CLL), both these patients with MALT lymphoma have had long survival: 8 and 11 years, respectively. 

INTRODUCTION 

Malignant lymphoma of mucosal-associated lymphoid tis- 
sue (MALT) is among the new clinically relevant subtypes 
of non-Hodgkiffs lymphoma (NHL). It is of B-cell origin, usu- 
ally of low histologic grade, of extranodal origin derived from 
MALT of the stomach, small intestine, lung, thyroid gland, 
or lacrimal gland, as well as other extranodal sites [1-7]. The 
neoplastic cells can infiltrate follicles, on occasion produc- 
ing a histologic appearance similar to that of follicular lym- 
phoma [8]. MALT lymphomas have a heterogeneous cyto- 
logic composition with a spectrum of cells including small 
lymphocytes, plasma cells, and irregular lymphoid cells that 
have been termed centrocytelike [9]. The absence of rear- 
rangements of bcl-1, bcl-2, and c-myc genes helps distinguish 
MALT lymphomas from other B-cell neoplasms [9, 10], but 
cytogenetic abnormalities have been reported in fewer than 
20 patients [11-14]. Thus, relatively little is known about the 
molecular or cytogenetic characteristics of this entity. We re- 
port the cytogenetic characteristics of two MALT lympho- 
mas diagnosed at the Clinical Center, National Institutes of 
Health (NIH), Bethesda, Maryland, and review the published 
data regarding specific chromosome abnormalities in this 
rare type of lymphoma. 

From the Medicine Branch (]. W.-P., T. K., ~V. P. Z), Pathology 
Department (E. ]., M. tt.) and Biological Response Modifiers Pro- 
gram, (P. D., D. L. L.). NCI, National Institutes of Health, Bethesda, 
Maryland. 

Address reprint requests to: Turid Knutsen, Cytogenetic Oncol- 
ogy Section, NCI Bldg. 10, Rm. 12N-226, National Institutes of Health, 
Bethesda, MD 20892 USA 

Received December 23, 1993; accepted April 29, 1994. 

74 
Cancer Genet Cytogenet 77:74-80 (1994) 
0165-4608/94/$07.00 

CASE HISTORIES 

Case 1 

A 62-year-old white woman was well until June 1982, when 
she complained of a right submandibular mass associated 
with swelling, erythema, and pain. Biopsies at that time and 
again in 1983 were interpreted as reactive. A diagnosis of 
Sj6greffs syndrome was made in January 1984. A left posterior 
thoracic skin lesion biopsy in December 1984 was diagnosed 
as malignant lymphoma of monoclonal B-cell type. Unfor- 
tunately, the parotid biopsies from 1983 and 1984 were lost 
before her referral to NIH in January 1985, where she was 
diagnosed as having stage IV diffuse mixed lymphoma (Work- 
ing Formulation). Complete remission was obtained with six 
courses of PROMACE-MOPP (prednisone, adriamycin, 
methotrexate, cytoxan, etopiside-mechlorethamine, vincri- 
stone, prednisone, pmcarbazine). Conjunctival relapse in Au- 
gust 1986 was successfully treated with radiotherapy, but the 
patient relapsed again in May 1987 with lymphadenopathy 
and skin involvement. Clinical presentation of pulmonary 
nodules and hoarseness 1 month later were diagnosed as 
laryngeal lymphoma and treated with radiotherapy and a sin- 
gle course of CVP. She was readmitted in August 1989 com- 
plaining of recurrent fevers (as high as 38.5°C), with no fo- 
cal infection source. After obvious disease progression was 
determined, the patient declined further chemotherapy and 
was discharged, with prednisolone treatment, to her private 
physician. 

Case 2 

A 55-year-old white woman became ill in August 1985. In 
April 1986, tissue from a dilatation and curettage, performed 
because of an 8-month history of episodes of severe vaginal 
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bleeding, was diagnosed as malignant lymphoma, small lym- 
phocytic type with plasmacytoid features (SLL,P). Complete 
staging workup showed stage IV disease with a pelvic mass, 
involvement of the uterus, multiple subcutaneous, (s.c.) nod- 
ules, and a right occipital node. Biopsies of a 2-cm right chest 
mass and a right axillary lymph node were also diagnosed 
as SLL,P. Of interest was the finding of a persistent mass den- 
sity on chest roentgenogram since 1978, which had shown 
no change. The patient was referred to the National Cancer 
Institute in August 1986; she was initially placed on the 
Watch and Wait arm of protocol MB-110. Her first treatment 
consisted of 2,520 rad to the pelvic mass and retroorbital area 
in 1987, and 2,520 rad to the cervical area in 1988. Idiopathic 
thrombocytopenic purpura (ITP), diagnosed in 1988, was 
treated by splenectomy in 1990. A computed tomography scan 
in February 1992 showed slowly increasing retroperitoneal 
adenopathy, and bone scan at that time showed uptake in 
IA, a new finding, but one causing no symptoms. In the last 
6 months, the patient has been asymptomatic, except for per- 
sistence of a left intraclavicular mass, which has not been 
growing. She has no B symptoms. This patient has an un- 
usual family history, with many cancers in close relatives, 
including leukemia, diffuse lymphocytic lymphoma, and 
cancer of the breast, colon, and lung; the patient's mother 
died of liver cancer at age 66 years. 

Cytogenetic Studies 
Cytogenetic studies were performed on salivary gland and 
bone marrow (BM) of patient I and an s.c. nodule and spleen 
of patient 2. Abnormal karyotypes were identified only on 
cells derived from the salivary gland and the s.c. nodule; BM 
had not shown involvement by lymphoma histologically. 
Single-cell suspensions of the tissue biopsies were obtained 
by mincing with scissors, followed by passage through 
stainless-steel mesh or repeated aspiration through a 22-gauge 
needle. The cells were either processed directly without cul- 
ture or cultured in vitro for 1-5 days with or without mitotic 
stimulation. BM samples were processed directly and cul- 
tured in vitro for I day. All specimens were harvested ac- 
cording to standard techniques. One air-dried slide was 
stained with the standard Giemsa stain; the rest of the slides 
were stained with trypsin-Giemsa stain. In all, 30 metaphase 
cells were analyzed microscopically and a minimum of five 
cells were karyotyped for each sample. Karyotypes were pre- 
pared according to the International System for Human 
Cytogenetic Nomenclature guidelines [15]. 

RESULTS 

Pathology 
Both patients had extranodal low-grade lymphomas with 
histologic features characteristic of MALT lymphomas. Case 
1 had bilateral salivary gland involvement and cutaneous 
nodules involving the dermis. In the skin, the tumor was 
composed of a polymorphous infiltrate characteristic of 
MALT, with a heterogeneous population of small round and 
slightly cleaved lymphocytes (so-called centrocytelike cells), 
plasmacytoid cells, and occasional large lymphoid cells. In 
the Working Formulation, based on the mixed cellular in- 
filtrate, a diagnosis of diffuse, mixed small, and large cell 

lymphoma was considered. Bilateral BM biopsies and per- 
cutaneous liver biopsies were negative. Subsequent sites of 
involvement by a predominantly small lymphocytic infiltrate 
included conjunctive, supraglottic mass, skin, and salivary 
glands, which also contained lymphoepithelial lesions. 

Immunohistochemical studies of skin, conjunctiva, sali- 
vary gland, and supraglottic mass showed involvement by 
a monoclonal B-cell lymphoma expressing IgM-k, and the 
B-cell-associated antigens CD19, CD20, CD22, and CD21. 
Lymphoid cells did not express CD5 or CD10. 

Case 2 had a mass in uterine cervix and an s.c. nodule 
involving the left chest wall. Bilateral BM biopsies and per- 
cutaneous liver biopsies were negative. The tumor was clas- 
sified in the Working Formulation as malignant lymphoma, 
small lymphocytic, with plasmacytoid features. It was com- 
posed of a relatively uniform population of round lymphoid 
cells with abundant amphophilic cytoplasm, condensed nu- 
clear chromatin, and evidence of plasmacytoid differentia- 
tion. Subsequent sites of involvement included soft tissue 
from the right occipital area and spleen. Immunophenotypic 
studies demonstrated the tumor to have a monoclonal B-cell 
phenotype expressing IgG-K and the B-cell antigens CDIg, 
CD20, and CD22. The tumor cells were CD5 and CDI0 
negative. 

Cytogenetics 
Successful studies obtained from a 1-day culture of salivary 
gland in case I and from s.c. nodules in case 2 demonstrated 
hyperdiploidy in both cases, with multiple chromosomal, 
numerical, and structural changes, as shown in Table 1. Case 
I had cells with 48 and 49 chromosomes and the following 
clonal karyotype: 48,XX,t(2 ;8)(q33;p23), + 3, - 10, + 12, + 18; the 
cells with 49 chromosomes had del(10)(q23) instead of -10 
(Fig. 1). BM cytogenetics performed 5 months before the 
lymph node study showed a normal karyotype. 

Case 2 had cells with 47 and 48 chromosomes and a 
47,X -X,i(6p), + 7, + inv(12)(p13q13) karyotype (Fig.2); the cells 
with 48 chromosomes had + 12 and + 16 instead of inv(12). 
A spleen sample was also studied in this case; mitoses were 
obtained only in phytohemagglutin-stimulated culture, and 
all were cytogenetically normal. 

DISCUSSION 

In Western countries, low-grade B-cell lymphoma of MALT 
occurs most commonly as a primary gastric tumor [16]. It 
occurs predominantly in persons aged > 50 years, but the 
frequency in patients in their thirties and younger is increas- 
ing, with equal incidence in both sexes. The tumor cells are 
of small to medium size with moderate amounts of cytoplasm 
and irregular nuclei that resemble the nuclei of centrocytes 
(small cleaved cells). Some MALT cells look like small lym- 
phocytes; others have abundant, clear cytoplasm and well- 
defined borders, resembling so-called monocytoid B cells. 
Small numbers of transformed blasts are characteristic of this 
disease entity. A lymphoepithelial lesion is a characteristic 
feature of low-grade MALT lymphoma and is formed by the 
invasion of small centrocytelike cells into the glandular epi- 
thelial tissues of involved organs, which aids diagnosis in 



76 J. Whang-Peng et al. 

T a b l e  1 Clonal karyotypes in cases of MALT lymphoma 

Reference/case Specimen Date a Clonal cytogenetic abnormalities 

Whang-Peng et al., present study 
1 Bone marrow 

Salivary gland 

2 Subcutaneous nodule 

Spleen 
Horsman et al., 1992 b [11] 

1 
Griffin et al., 1992 [12] 

1 
2 

Wotherspoon et al., 1992 [13] 
1, 2, 5, and 18 Stomach 
8 Stomach 

11 Stomach 
12 Stomach 
14 Stomach 
15 Stomach 
17 Stomach 
20 Lung 
21 Lung 

Stomach/lymph node 

Lung 
Retroperitoneal node 

22 Lung/lymph node 
23 Lung/lacrimal gland 

Clark et al., 1992 [14] 
1 Thyroid 

2 Thyroid 
3 Thyroid 
4 Lung 
5 Submandibular 

1/87 46,XX 
6/87 48,XX,t(2;8)(q33;p23), + 3 - 10, + 12, + 18/ 

49,XX,t(2;a)[q33;p23), + 3,del(10)(q23), 
+12,+18 

6/86 47,X, - X,i(6p), + 7, + inv(12)(p13q13), 
48,X, - X,i(6p), + 7, + 12, + 16 

5/91 46,XX 

46,XY,t(ll;18)(q21;q21)/47,XY, + 3 

46,XX,t(11; 18)(q21;q21) 
46,XX,t(11; 18)(q21;q21) 

Normal (all four cases) 
47,XX, + 3,inv(1)(p22p36) 
45,XY, - 9 
46,XY, + 3, - 9 
46,XY,dup(14)(q12q32) 
46,XY,del(11)(q23) 
48,XX,7, + 16 
48,XY, + 12, + mar 
49,XX, + 3, + 12, + 18,t(1;14)(p22;q32) 

50,XX, + 3, + 12, + 18, + 18,t(1;14) 
(p22;q32) 

47,XX, + 7 
48,XX, + 3, + 7 

- X, - 6, - 18, - 20,dup(2)(q12q14), 
del(15p) 

+ 3, - 20,dup(2)(q13q14),18q + 
+ 3, - 6,M18 
+ 3, - 18,b(3)(p21), + r 
- X, - 6,?inv(9) 

Abbreviation: MALT, mucosa-associated lymphoid tissue. 

o Date of specimen for present cases. 

b Date of publication. 

the stomach; the cells can also invade other extranodal sites, 
such as salivary gland and lung. 

Other frequent sites of origin of MALT lymphomas include 
small intestine, lung, thyroid, and salivary gland. MALT lym- 
phomas have been reported to involve numerous extranodal 
sites, however, including kidney, bladder, thymus, skin, lar- 
ynx, and dura, among other [17, 18]. The MALT lymphoma 
of case I was derived from the salivary gland, but the origin 
of the tumor in case 2, the uterine endometr ium,  was un- 
usual. Many MALT lymphomas were previously diagnosed 
as pseudolymphomas  before routine use of immunopheno-  
typic or genotypic studies. This is not surprising, given their 
polymorphous  cellular composi t ion and frequent presence 
of germinal centers. Even today, the distinction between be- 
nign lymphoepi thel ia l  lesions of the salivary gland and a 
MALT lymphoma is controversial; e.g., monoclonal  expan- 
sions can be identified in salivary gland and monoclonal im- 
munoglobul in  may be detected in the serum of patients with 
SjSgrerfs syndrome that are not necessarily considered malig- 
nant [19, 20]. Case I underwent  mult iple  biopsies before the 
diagnosis of lymphoma was established. The presence of 
clonal cytogenetic abnormalit ies can be considered proof of 
malignant lymphoma.  

Cytogenetic abnormalit ies have been reported in fewer 
than 20 MALT lymphomas [11-14]. A single case of MALT 
lymphoma showing t(11;18)(q21;q21.1) was reported by Hors- 
man et al. [11], who noted that the same translocation had 
been reported previously in two other patients wi th  extrano- 
dal lymphoma [12]; the bcl-2 oncogene, located at band 
18q21.3, was not rearranged in any of these cases. The inves- 
tigators suggested that t(11;18) may be a recurring transloca- 
t ion in MALT lymphoma and that the genes located at the 
breakpoint sites of chromosome 11 and/or 18 may be crucial 
to pathogenesis of this type of malignant lymphoma. A large 
series of 23 cases of MALT lymphoma was studied by Wother- 
spoon et el. [13]: nine of the 14 cytogenetically successful 
cases exhibited abnormal karyotypes. Al though no unique 
or specific aberration was noted, several patients showed rear- 
mngements of chromosome lp and numerical  abnormalities 
of chromosomes 3 and 7; two cases involved a break at lp22 
[inv(1)(p22p36) and t(1;14)(p22;q32)], + 3 was noted in four 
cases, + 7 in three, and + 12 in two. In the present study, case 
I had an extra chromosome 3 and case 2 had an extra chro- 
mosome 7. 

Clark et al. [14] conducted cytogenetic and molecular  
studies of 107 cases of nodal and extranodal B-cell lymphoma; 
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t(14;18} was detected in fol l icular  (55%) and diffuse B-cell 
lymphomas of follicle center cell origin, but was not observed 
in any of the 36 extranodal  lymphomas  examined,  20 of 
which  were characterized as MALT lymphoma.  Cytogenetic 
studies were conducted  in five of the MALT lymphoma  pa- 
tients, all  of whom demonstrated both numer ica l  and struc- 
tural abnormali t ies ,  inc luding  dup(2)(q12q14) in two cases 
of thyroid MALT, + 3 and - 6 in three cases each, and - 18 
and - 2 0  in two cases each. 

The clonal  karyotypes observed in the two cases of MALT 
lymphoma  in the present  s tudy are shown in Figures I and 
2 and Table 1. Both cases had t r isomy 12. Trisomy 12 is 
reported in B-cell lymphoprol i ferat ive  disease, p redomi-  
nant ly  B-CLL [21]. Trisomy 12 has been detected as ei ther 
sole abnormal i ty  and in associat ion wi th  other changes, in- 
dicat ing that it may be the pr imary  change. Sequential  anal- 
ysis of patients who in i t ia l ly  had t r isomy 12 as the sole ab- 
normali ty  showed that development  of addi t ional  numerical  
and structural chromosome abnormalit ies denotes rapid dis- 
ease progress and short  survival [22]. In add i t ion  to tr isomy 
12, one of our cases also had a structural abnormali ty of chro- 
mosome 12, a pericentric inversion. Both cases also had other 
chromosome changes in addi t ion  to tr isomy 12. In B-CLL, 
trisomy 12 has been reported to be associated with  poor prog- 
nosis. Both our patients are alive wi th  disease at 8 and 11 
years, consistent with the usual good prognosis of MALT lym- 
phoma.  It is difficult  to generalize from two patients, and 
addi t ional  studies wi th  long-term follow-up are required to 
assess the prognost ic  s ignif icance of tr isomy 12. 

Case 2 had isochromosome (6p) [i(6p)], which  occasion- 
al ly is observed in l ymphoma  and has been reported in pa- 
tients wi th  fol l icular  small  cleaved, fol l icular  mixed,  follic- 
ular  large, diffuse small  cleaved, and  diffuse large cell 
immunoblas t ic  l ymphoma  [23]. In our serial s tudy of 43 pa- 
tients wi th  NHL, two patients wi th  t(14;18) developed i(6p) 
during disease progression.  Despite reports of several cases, 
no definite prognost ic  indicat ions  are associated with  this 
abnormality,  and its s ignificance remains  unclear. 

Al though MALT lymphomas  are current ly  considered a 
single entity, mul t ip le  cytogenetic abnormali t ies  have been 
reported in the s tudied cases. This observation contrasts with 
those in other B-cell lymphomas  such as fol l icular  lympho-  
mas, mantle cell lymphoma,  and Burkitt's lymphoma,  which 
show consistent  and recurring cytogenetic lesions. Trisomy 
3, 7, and 12 have each been observed in several reported cases 
of MALT lymphoma.  Trisomy 3, observed in nine MALT 
cases, is one of the more common numer ica l  abnormal i t ies  
in lymphoma.  The specific subtype has been variable: T-cell 
phenotype  wi th  diffuse mixed lymphoma  and adul t  T-cell 
l eukemia / lymphoma [24], fol l icular  large cell  l ymphoma  
[25], and both low-grade fol l icular  and high-grade centro- 
blastic l ymphoma  [26]. Both our cases had a B-cell pheno-  
type. Trisomy 7 occurs in several malignancies,  including 
melanoma,  renal  cell carcinoma,  and NHL [27] and, since 
it is apparent ly a secondary abnormali ty  associated with late- 
stage disease, i t  is considered to confer a selective growth ad- 
vantage to mal ignant  cells. Four of the repor ted cases had 
+ 7. Trisomy 12, also evident  in four cases, is the most fre- 

quent abnormal i ty  in chronic lymphocyt ic  leukemia  [28]; 
it has also been observed in cases of lymphoma,  ei ther as 

a single abnormal i ty  (most often in small  lymphocyt ic  lym- 
phoma) or associated wi th  other abnormal i t ies  inc luding 
t(14;18} {primarily diffuse large cell lymphoma);  all 13 cases 
wi th  immunology  data repor ted in the Fifth Workshop [24] 
had  a B-cell phenotype.  

Analysis  of further cases and correlat ion with  sites of in- 
volvement may help  in subclassif icat ion of MALT lympho-  
mas and may yie ld  useful prognost ic  information.  Identifi- 
cation of a clonal cytogenetic abnormality does help establish 
a diagnosis  when  the differential  diagnosis  includes  reac- 
tive hyperplasia ,  as in case 1. 

REFERENCES 

1. Isaacson PG, Wright DH (1987): Extranodal lymphomas. In: Re- 
cent Advances in Histopathology, PP Anthony, RNM MacSween, 
eds. Churchill Livingstone, Edinburgh, pp. 159-184. 

2. Myhre MJ, Spencer J, Finn T (1986): Primary B cell gastric lym- 
phoma. Hum Pathol 17:72-82. 

3. Isaacson PG, Dogan A, Price SK, Spencer J (1989): Im- 
munoproliferative small-intestinal disease, an immuno- 
histochemical study. Am J Pathol 13:1023-1033. 

4. Addis B, Hyjek E, Isaacson PG (1988]: Primary pulmonary lym- 
phoma: A reappraisal of its histogenesis and its relationship 
to pseudolymphoma and interstitial pneumonia. Histopathol- 
ogy 13:1-17. 

5. Hyjek E, Isaacson PG (1988): Primary B cell lymphoma of the 
thyroid and its relationship to Hashimoto's thyroiditis. Hum 
Pathol 19:1315-1326. 

6. Hyjek E, Smith WJ, Isaacson PG (1988): Primary B cell lym- 
phoma of salivary glands and its relationship to myoepithelial 
sialadenitis (MESA]. Hum Pathol 19:766-776. 

7. Isaacson PG, Chan JKC, Tang C, Addis BJ (1990): Low grade B 
cell lymphoma of mucosa associated lymphoid tissue arising 
in the thymus-  a thymic lymphoma mimicking myoepithelial 
sialadenitis. Am J Surg Pathol 14:342-351. 

8. Isaacson PG, Wortherspoon AC, Diss T, Pan L (1991): Follicular 
colonization in B cell lymphoma of mucosa associated tissue. 
Am J Surg Pathal 15:819-828. 

9. Wotherspoon AC, Pan L, Diss TC, Isaacson PG (1990): A geno- 
typic study of low grade B-cell lymphoma, including lympho- 
mas of mucosa associated lymphoid tissue (MALT). I Pathol 
162 ;135-140. 

10. Weiss LM, Wamke RA, Sklar J, Cleary ML (1987): Molecular anal- 
ysis of the t(14;18) chromosome translocation in malignant lym- 
phomas. N Engl J Med 317:1185-1189. 

11. Horsman D, Gascoyne R, Klasa R, Coupland R (1992): 
t (11; 18)(q21;q21.1): A recurring translocation in lymphomas of 
mucosa-associated lymphoid tissue (MALT]? Genes Chromo- 
somes Cancer 4:183-187. 

12. Griffin CA, Zehnbauer BA, Beschomer WE, Ambinder R, Mann 
R (1992): t(11;18)(q21;q21) is a recurrent chromosome abnormal- 
ity in small lymphocytic lymphoma. Genes Chrom Cancer 
4:153-157. 

13. Wotherspoon AC, Pan L, Diss TC, Isaacson PG (1992): Cytogenetic 
study of B-cell lymphoma of mucosa-associated lymphoid tis- 
sue. Cancer Genet Cytogenet 58:35-38. 

14. Clark HM, Jones DB, Wright DH (1992): Cytogenetic and mo- 
lecular studies of t(14;18) and t(14;19) in nodal and extranodal 
B-cell lymphoma. J Pathol 166:129-137. 

15. ISCN (1991): Guidelines for Cancer Cytogenetics, Supplement 
to an Intematinal System for Human Cytogenetic Nomenclature, 
F Mitelman, ed. S. Karger, Basel. 

16. Isaacson PG (1992): Gastrointestinal lymphomas and lymphoid 



80 J. Whang-Peng et al. 

hyperplasias. In: Neoplastic Hematopathology, DM Knowles, 
ed. Williams & Wilkins, Baltimore, pp. 953-978. 

17. Pelstring RJ, Essell JH, Kurtin PJ, Cohen AR, Banks PM (1991): 
Diversity of organ site involvement among malignant lympho- 
mas of mucosa-associated tissues. Am J Clin Patho196:738-745. 

18. Sundeen JT, Longo DL, Jaffe ES (1992}: CD5 expression in B- 
cell small lymphocytic malignancies. Correlations with clini- 
cal presentation and sites of disease. Am J Surg Patho116:130-137. 

19. Fishleder A, Tubbs R, Hesse B, Levine H (1987): Uniform detec- 
tion of immunoglobulin-gene rearrangement in benign lym- 
phoepithelial lesions. N Engl J Med 316:1118-1121. 

20. Parveen T, Navarro-Roman L, Medeiros LJ, Raffeld M, Jaffe ES 
(1993): Low-grade B-cell lymphoma of mucosa-associated lym- 
phoid tissue arising in the kidney. Arch Pathol Lab Med 
117:780-783. 

21. Knuutila S, Elonen E, Teerenhovi L, Rossi L, Leskinen R, Bloom- 
field CD, de la Chapelle A (1986): Trisomy 12 in B cells of pa- 
tients with B-cell chronic lymphocytic leukemia. N Engl J Med 
314:865-869. 

22. Hart T, Ohtaki K, Sadamori N, Block AW, Dadey B, Ozer H, Sand- 
berg AA (1986): Cytogenetic evidence for clonal evolution in 

B-cell chronic lymphocytic leukemia. Cancer Genet Cytogenet 
23:321-328. 

23. Mitelman F (1991): Catalog of Chremosome Aberrations in Can- 
cer, 4th Ed. Wiley-Liss, New York. 

24. Fifth International Workshop on Chromosomes in Leukemia- 
Lymphoma (1987): Correlation of chromosome abnormalities 
with histologic and immunologic characteristics in non- 
Hodgkiffs lymphoma and adult T cell leukemia-lymphoma. 
Blood 70:1554-1564. 

25. Yunis JJ, Frizzera G, Oken MM, McKenna J, Theologides A, Ar- 
nesen M (1987): Multiple recurrent genomic defects in follicu- 
lar lymphoma. A possible model for cancer. N Engl J Med 
316:79-84. 

26. Harmnond DW, Goepel JR, Aitken M, Hancock BW, Potter AM, 
Goyns MH (1992): Cytogenetic analysis of a United Kingdom 
series of non-Hodgkirts lymphomas. Cancer Genet Cytogenet 
61:31-38. 

27. Sandberg AA (1990): The Chromosomes in Human Cancer and 
Leukemia, 2nd Ed. Elsevier Science Publishing, New York. 

28. Helm S, Mitelman F (1987): Cancer Cytogenetics, Alan R. Liss, 
New York. 


