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Abs t rac t - -The  serum concentration of f12 microglobulin (f12 m)  w a s  measured by 
radioimmunoassay in untreated pat#nts with lymphomas. Increased levels of fl2m were 

Jbund in both Hodgkin's and non-Hodgkin's lymphomas. Chromatographic analysis of 
sera fiom these patients has shown that f12 m molecules were not complexed with HLA 
chains or other cell membrane structures. 

The levels of fl2m were greater in pat#nts with widespread, rather than localised, 
disease. The initial level of fl2m was Jbund to be of prognostic significance in patients 
with lymphomas classified as diffuse, poorly-diJferentiated lymphoblastic (Rappaport's 
classification). Survival was shorter the higher the level of flzm and vice versa. This 
correlation with survival was not seen in the other poor prognostic group~diJfuse hzstzocytic 
lymphomas (DHL ). Indeed levels of fl2m were significantly lower in DHL than PDLL. 
Treatment of patients with lymphomas led to a reduction in the serum levels of flzm and normal 
values were often observed in treated patients even in the presence of recurrent or persistent 
disease. 

I N T R O D U C T I O N  

1N ThE past few years /t 2 microglobulin 
(/12m) has received considerable attention, la- 
rgely as a result of the demonstration of its 
close structural resemblance to certain do- 
mains of IgG molecules [1, 2] and of its 
association on cell membranes with HLA se- 
rologically defined (SD) antigens [3-5]. 

Although the biological function of this 
protein is still unknown, a variety of malig- 
nancies have been shown to be associated 
with high serum concentrations of/12m. The 
most striking elevations of /12m have been 
found in patients with plasma cell dyscrasias 
and some solid turnouts, particularly those 
affecting the lung [6-8]. In contrast, it has 
been claimed that the f12 m concentration is 
normal in sera from patients with Hodgkin's 
disease (HD) [8]. However, in the course of 
an investigation on the levels of /12 m in 
patients with a variety of benign and malig- 
nant disorders, we have observed high levels 
of fi2 m in most sera from untreated patients 
with H D  and non-Hodgkin's lymphomas. 

Accepted 22 November 1978. 

791 

MATERIALS AND M E T H O D S  

Patients 

Blood samples were obtained from 79 pa- 
tients with Hodgkin's disease (HD) and 73 
with non-Hodgkin's (non-HD) lymphomas be- 
tween November 1972 and October 1977, in 
each case before treatment was started. All 
patients had normal blood creatinine and 
urea levels at the time blood was taken for 
measurement of/12 m [9]. The extent of their 
disease was staged by the Rye Classification 
[10] which included staging laparotomy and 
splenectomy in forty-two patients with HD 
and only three of those with non-HD lym- 
phomas. In the latter, splenectomy was per- 
formed because of pancytopoenia. 

Histology of the non-HD lymphomas accor- 
ded with Rappaport 's  classification [11]. 
Histological types carrying a good prognosis 
were chronic lymphatic leukemia (CLL), dif- 
fuse well differentiated lymphocytic lym- 
phoma (DLL), all nodular types (NLL) and 
mixed histiocytic/lymphocytic lymphomas 
(MHL).  The distinction between C L L  and 
DLL was arbitrarily set at a circulating lym- 
phocyte count above or below 10,000/mm 3 
respectively. Histological types with a bad 
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during a period of observation between 6 and 
60 months. In the bad prognosis group, me- 
dian survival was 5 months and 21 out of 31 
died during the same period of observation. 

Pre-treatment levels of fl2rn in non-HD 
lymphomas are shown in Fig. 1. The highest 
levels of fi2 m in the good prognosis groups 
were seen in CLL and DLL. These are usua- 
lly indistinguishable on histological grounds, 
though the DLL type may show lymphocytes 
with cleft nuclei. The mean lymphocyte count 
in the CLL group was 56,000/ram 3 compared 
with 5260/mm ~ in the DLL group. Despite 
this difference in circulating lymphocyte load, 
there was no significant difference in /32m 
between these two groups, and no correlation 
between f12 m and lymphocyte count. All the 
patients with DLL had generalised (Stage IV) 
disease on the basis of dill'use bone marrow 
infiltration by small lymphocytes. 

The other two good prognosis histologies, 
N L L  and MHL,  showed more modest elev- 
ation of f12 m than CLL and DLL and the 
increase occurred predominantly in patients 
with generalised disease. So far there has been 
no correlation between fie m levels and sur- 
vival in any of the good prognosis group. 

In the bad prognosis group, there arc two 
histological types, PDLL and DHL, whosc 
distinction as separate entities has been ques- 
tioned in recent years [12 14]. In view of this 
controversy it is interesting that they differ in 
terms of serum fi2m. The PDLL group had 
significantly higher levels of f12 m than I )HL 
(mean values: 9 and 3.4pg/ml respectively, P 
<0.005 by Student's 't' test). 

MICROGLOBULIN IN THE DIFFERENT 

TYPES OF NON-HODGKIN'S LYMPHOMA 

prognosis were diffuse poorly differentiated 
lymphoblastic lymphomas (PDLL) and diffuse 
histiocytic lymphomas (DHL). Other types of 
lymphoma included three primary solitary 
intestinal lymphomas, one immunoprolife- 
rative small intestinal disease, one angioim- 
munoblastic lymphadenopathy and one 
leukaemic reticuloendotheliosis, f12 micro- 
globulin measurement was by radioim- 
munoassay using commercial Phadebas kits 
kindly provided by Pharmacia Ltd., Uppsala, 
Sweden. Serum samples were stored at - 2 0 ° C  
until assay. The normal range for serum f12 m of 
0.6-3.0 pg/ml was established on healthy labo- 
ratory personnel and blood donors and agrees 
with previous reports [7, 8]. 

In some cases, sera wcre fractionated on a 
Sephadex G100 column equilibrated with 
phosphate buffered saline pH 7.2, containing 
0.01 mole/1 edetic acid and 0.05~Io sodium 
azide. Individual fi'actions were assayed to 
assess the size of fizm material using dextran 
blue, bovine serum albumin, ovalbumin, cyt- 
ochrome C and lysozyme as molecular weight 
markers. 

R E S U L T S  

The non-Hodgkin's lymphomas were di- 
vided into good and bad prognosis groups on 
histopathological grounds; that this was jus- 
tified is shown by the marked difference in 
survival between these two groups. The good 
prognosis group had a median survival greater 
than 24 months, and only 4 out of 36 died 
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Invariably patients with generalised PDLL 
had elevated levels of f12 m while this only 
occurred in half the patients with generalised 
DHL.  Although survival is equally short in 
PDLL and DHL,  it is only with the survival 
of the former that f12 m correlated. I n  PDLL 
those patients with the higher f12 m concen- 
trations tend to have the shorter survival and 
vice versa (Fig. 2). No patient with PDLL 
and a f l zm level greater than 6/,g/ml survived 
longer than 10 months, while all the long 
survivors had f12 m below this level or in the 
normal range. 

Among the other types of non-HD lym- 
phomas f12 m was raised only in the patient 
with angioimmunoblastic lymphadenopathy. 
The patients with primary intestinal lym- 
phomas all had quite extensive disease loca- 
lised to the abdomen and histology ranged 
from diffuse lymphoblastic to lymphocytic 
with plasma-cytoid differentiation. 

f12 m was increased in patients with un- 
treated Hodgkin's disease (HD) and this is 
shown in Fig. 3. With the progressive spread 
of H D  both the proportion of patients with 
abnormally high fl~m and the mean con- 
centration of f12 m increased. Again, no clear 
correlation between f12 m level and survival 
has yet been seen. 

Treatment  of either the non-HD lym- 
phomas (Fig. 4) or H D  (Fig. 5) led to a fall 
in f12 m whether the treatment was successful 
in inducing complete remission or not. In the 
figures, unbroken lines indicate patients at- 
taining complete clinical remission during the 
first 3 months of treatment, while broken lines 
indicate patients in whom complete remission 

was not achieved, and the transition from a 
solid to a broken line indicates clinically 
detected relapse of disease. From this small 
sequential study, monitoring fi2m does not 
appear useful in detecting either persistent or 
relapsing disease. 

Sera from patients with HD, PDLL, CLL 
and DLL were fractionated on Sephadex 
G100 and fi2 m then estimated in the in- 
dividual fractions, f12 m was found in the same 
fractions as cytochrome C, and just preceded 
fractions in which lysozyme was found. This 
indicates a mol. wt around 12,000, correspond- 
ing to the mol. wt of free uncomplexed f12 m. 

D I S C U S S I O N  

The reasons for the difference between the 
increased levels of f12 m in Hodgkin's disease 
(HD), observed in the present study, and the 
normal values reported in a previous investi- 
gation [8] are not clear. In the previous 
study, neither the stage of H D  spread nor the 
treatment status of the patients were described 
and clarification of either of these points may 
help to explain the contradictory results. The- 
rapy may be particularly relevant because we 
have seen that even in the presence of active 
HD, normal levels of f12 m can be detected in 
patients undergoing or having received treat- 
ment. Following treatment, a similar sup- 
pressive effect upon the serum levels of im- 
munoglobulin has been described [15]. 

The raised levels of f12 m found in lym- 
phomas cannot be attributed to renal causes, 
since our patients had normal creatinine levels 
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S E R U M  C O N C E N T R A T I O N S  OF ~ 2 M I C R O G L O B U L I N  

IN HODGKIN'S DISEASE 
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SERUM ~ 2 MICROGLOBULIN CONCENTRATIONS FOLLOWED 

SEQUENTIALLY IN NON-H.D. LYMPHOMAS 
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Fig. 4. Vertical bar represents normal range 0.6-3.0#g/ml.  
Unbroken line represents patients attaining complete remission ( CR ) 
within 3 months of starting treatment; broken lines are patients not 
attaining CR, or relapsingj~om CR. Crosses indicate the death o/'a 

patient. 

and s e r u m  f12 m was detected in small, uncom- 
plexed molecular form. 

Therefore we suggest that  the raised f12 m 
level reflects an increased synthesis either in- 
directly from normal  "react ive"  cells or di- 
rectly from mal ignant  cells within involved 
lymphoid tissues. H D  and tide non-HD lym- 
phomas may  differ in this respect. In H D  a 
chronic inf lammatory cellular infiltrate pre- 
dominates over abnormal  mal ignant  cells in 
the involved tissues and it may  be that  these 
"react ive"  cells produce increased amounts  of 
f12 m, like the raised levels of f12 m seen in 
Sj6gren's disease, rheumatoid  arthritis, sys- 
temic lupus erythematosus, viral hepatitis and 

infectious mononucleosus [8, 16]. Mitogen 
stimulated lymphocytes and lymphoblastoid 
cell lines secrete greater quantities of fi2m in 
vitro than unst imulated lymphocytes and HD 
lymphoid tissue also secretes increased quan- 
tities of fl2m [17]. This increased production 
of f12 m by HD tissue may  be seen where less 
than 1"o of the total cell population were 
abnormal  cells characteristic of HD (unpub- 
lished observation). 

In the non-HD lymphomas,  part icularly 
the difluse types where normal  lymphoid ti- 
ssue is replaced by a prolitEration of malig- 
nant  cells, it seems more plausible that  the 
increased f12 m levels derive directly frond the 
malignant  cells. This is not because malignant  
cells express more fi2 m on the cell surface, but 
because it is released more rapidly than from 
normal cells [17]. I f  f12 m is a cell membrane  
constituent along with H L A  chains, then an 
accelerated membrane  turnover or accelerated 
cell division could increase the shedding of 
fi2 m by lymphoma cells. It  is interesting in 
this context that  f12 m is released in vitro as the 
free, uncomplexed, 11,800 dalton unit [18, 
191. 

Prediction of prognosis can be difficult in 
lymphomas;  the present study suggests that  
additional prognostic information may be pro- 
vided by measurement  of serum ~2 m level. 
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