
INTRODUCTION
Mono clonal gam ma pa thies are a group of dis eases

char ac ter ized by pro lif era tion of plasma clone cells that
pro duce a cer tain type of ho mogenic im mu no globu lin
con tain ing heavy chains of α, γ, μ, δ,  ε class aside a type
of light κ or λ chains. Im mu no globu lins pro duced by plas -
mo cyte clone are called mono clonal pro teins, most frequ-
ently of IgG or IgA class. In light chain dis ease (LCD)
mono clonal pro tein con tains only one type light chain and 
in case of heavy chain dis ease (HCD) it con tains heavy
chains only [4,9,10]. 

Stan dard meth ods ap plied to de tect and iden tify the
type of mono clonal pro tein in pa tients sus pected of mono -
clonal gam ma pa thy in clude se rum elec tro pho re sis and
im munofixa tion. Of those two im munofixa tion is more
sen si tive [2,19]. 

Quan ti ta tive analy sis of free light chains (FLCs) by
nephe lo me try has be come more popu lar re cently. The
pro duc tion of FLCs by plas mo cytes and B lym pho cytes,

that also ac count for the pro duc tion of a heavy chain type,
is 40% higher than the quan tity of heavy chains [18]. The
analy sis of FLC has be come use ful to moni tor treat ment
of pa tients with plasma cell mye loma (mye loma mul ti -
plex), amy loi do sis [13], LCD [8] and non- secretory
mye loma [3]. Based on the scores of light chains it is pos -
si ble to cal cu late kappa/lambda ra tio use ful to dif feren-
ti ate be tween mono clonal and poly clonal gam ma pa thy
[6]. Con comi tant rise in kappa and lambda chain con cen -
tra tions is ob served in auto im mune dis eases and also in
re nal fail ure in the course of which kappa/lambda ra tio re -
mains nor mal [2]. In case of mono clonal gam ma pa thies
kappa/lambda chain ra tio is im paired as a re sult of over -
pro duc tion of one chain type over the other [6,8].
Moreo ver, ab nor mal kappa/lambda ra tio is an in de pend -
ent pro gres sion risk fac tor in mono clonal gam ma pa thy of
un de ter min eded sig nifi cance (MGUS), so called “smol -
der ing” plasma cell mye loma and soli tary plas mo cy toma
[12,16].

The pur pose of the study was to com pare the re sults
and as sess the com pati bil ity of free light chains meas ure -
ments ob tained by nephe lo me try and stan dard im munofi-
xa tion. In ad di tion to that, we tried to evalu ate the use ful -
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ness of se rum FLC analy sis in the de tec tion of mono- 
clonal pro tein. 

MA TE RIAL AND METH ODS
Ex ami na tion group. The in ves ti ga tion was car ried out

in the group of 92 pa tients with sus pected mono clonal
gammapa thy: 50 fe males (mean age 65yrs) and 42 males
(mean age of 64yrs). In this group se rum mono clonal pro -
teins were de tected by elec tro pho re sis and im munofi-
xa tion in 81 pa tients. The ma jor ity of them had mye loma
type with com plete mono clonal pro tein: IgG in 44 pa -
tients, IgA in 11 pa tients and IgM in 4 pa tients. In 18
pa tients blood se rum mono clonal com po nent was formed
solely of light chains, in 4 pa tients im munofixa tion de tected
oli go clonal pro tein and in 11 pa tients no mono clonal pro -
teins were found. The pa tients were treated in the Out-
patient Clinic of He ma toon col ogy and Bone Mar row
Trans plan ta tion and The Clinic of He ma toon col ogy,
Autono mous Pub lic Uni ver sity Hos pi tal No.1(SPSK-1)
in Lublin.

Meth ods. Blood se rum sam ples were taken from the
pa tients fasting from the cu bi tal vein to the test tubes with -
out an ti co agu lants. The test tubes were cen tri fuged for
10min at 2,000rpm. Thus ob tained se rum un der went test -
ing by elec tro pho re sis, im munofixa tion and free light
chains of kappa and lambda type were de ter mined. The
test ing was car ried out in The Unit of Labo ra tory Di ag -
nos tics, SPSK-1 in Lublin.

Elec tro pho re sis of blood se rum pro teins was per -
formed by Hy dragel Pro tein 15/30 kit (Ho riba ABX Di ag -
nos tics) ad justed to auto matic Hy dra sys sys tem. Elec tro- 
phre sis was done on aga rose gels. The method al lows for
de tect ing five blood se rum frac tions. Sepa rated frac tions
were stained with amido black and elec tro phore grams
were read by a scan ner PHORESIS 4.1x soft ware.

Im munofixa tion was done by Hy dragel 4IF kit (Ho riba
ABX Di ag nos tics). The test ing used an tise rums against
heavy chains (anti-IgG, anti-IgM, anti-IgA) and an tise -
rums  against light chains (anti-κ and  anti-λ).

Free light chains were ana lyzed by FREELITE TM kit
(The Bind ing Site) by nephe lo met ric tech nique us ing Sie -
mens BN II. FREELITE TM rea gent kit is de signed for
quan ti ta tive de ter mi na tion of free light chains. The an ti -
bod ies used are epitope- specific, ac ces si ble only in kappa
and lambda free light chains,  which guar an tees de tec tion
of free light chains only. The ref er ence val ues for the in -
ves ti gated im mu no globu lin chains ranges are: FLC κ 3.3-
19.4 mg/L; FLC λ 5.71-26.3 mg/L; FLC κ/λ 0.26-1.65.

Sta tis ti cal analy sis. The re sults were sta tis ti cally ana -
lyzed by STATISTICA 10 (Stat Soft). The nephe lo met ric
re sults for kappa and lambda scores that grouped be yond
the ref er ence range and im munofixa tion results within the 
ref er ence range de pend ing on kappa or lambda bands

pres ent/ab sent were pre sented as con tin gency ta bles ob -
tained by Chi2 test. The dif fer ences and cor re la tions were
con sid ered sta tis ti cally sig nifi cant at p<0.05.

RE SULTS
Ta ble 1 pres ents se rum free light chains of kappa type

and kappa/lambda ra tio de pend ing on the type of mono -
clonal pro tein ob tained by im munofixa tion.

Ta ble 1. Blood se rum FLC of kappa type in 42 pa tients with
kappa band, free or bound with heavy chain ob tained by
im munofixa tion

IF
(immunofixation) n

Patients 
with abnormal

kappa FLC 
n (%)

Patients 
with abnormal
kappa/lambda

n (%)
IgG κ 27      22 (81.25)        20 (74)
IgA κ   6      5 (83)        5 (83)
IgM κ   1      1(100)        1 (100)
κ FLC   8      8 (100)        8 (100)
Total 42      36 (85.7)        34 (80)

n – number of patients

In the group of 42 pa tients who had mono clonal com -
po nent built of kappa FLC, free or bound with heavy
chains de ter mined by im munofixa tion 80% pa tients had
ab nor mal kappa/lambda ra tio. The big gest group in cluded 
the pa tients with mono clonal pro tein of IgG kappa type,
of whom 81.2% had im proper kappa- FLC val ues and 74% 
had im proper kappa/lambda ra tio. All pa tients with free
kappa band on im munofixa tion had in creased blood se rum
con cen tra tions of FLC and ab nor mal kappa/lambda ra tio.

Ta ble 2 pres ents blood se rum FLC of lambda type and
kappa/lambda ra tio de pend ing on the type of mono clonal
pro tein ob tained by im munofixa tion.

Ta ble 2. Blood se rum FLC of lambda type in 35 pa tients with
lambda band, free or bound with heavy chain ob tained by
im munofixa tion

IF
(immunofixation) n

Patients 
with abnormal 

lambda FLC
 n (%)

Patients 
with abnormal
Kappa/Lambda

n (%)
IgG λ 17   8 ( 47)   9 (53)
IgA λ   5   3 (60)   4 (80)
IgM λ   3   2 (66)  0 (0)
λ FLC 10   9 (90)   9 (90)
Total 35 22 (62) 22 (62)

n – number of patients

In the group of 35 pa tients who had mono clonal pro tein 
built of lambda FLC, free or bound with heavy chains de -
ter mined by im munofixa tion 62% had ab nor mal
kappa/lambda ra tio. Kappa/lambda ra tio was ab nor mal in
53% pa tients with mono clonal IgG lambda pro tein pres -
ent. How ever, in the group of pa tients with free lambda
band de tected, 90% pa tients had ab nor mal FLC of lambda 
type and sig nifi cantly al tered kappa/lambda ra tio.

In ad di tion to that we tried to as sess the com pati bil ity
of FLC lambda and FLC kappa scores de ter mined by
nephe lo me try and by stan dard im munofixa tion used to
iden tify mono clonal pro tein (ta bles 3 and 4).
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Ta ble 3. Cor re la tion be tween FLCs of kappa type and their
scores on im munofixa tion used to iden tify light chains of kappa
type, free or bound with heavy chains
Band on kappa pathway

(IF)
Kappa (mg/l)

- beyond range
Kappa (mg/l)
-within range Total

Present (+) 36  6 42
%line    85.7   14.3
Absent (-) 12 34 46
%line 26 74
Total 48 40 88

p<0,001   Compatibility 79,5%, sensitivity 85.7%, specificity 74%

The re sults of kappa- FLC are 79,5% com pati ble how -
ever they have sen si tiv ity and speci fic ity of 85.7% and
74% re spec tively with ref er ence to im munofixa tion
which de tected a band on kappa path way (Ta ble 3). In the
group of 42 pa tients with kappa chain on im munofixa tion
6 pa tients had nor mal kappa FLC (3.3-19.4 mg/L) and
kappa/lambda ra tio (0.26-1.65).

Ta ble 4. Cor re la tion be tween FLCs of lambda type and their
scores on im munofixa tion used to iden tify light chains of lambda 
type, free or bound with heavy chains
Band on lambda pathway

(IF)
Lambda (mg/l)
– beyond range

Lambda (mg/l) 
– within range Total

Present (+) 26   9 35
%line   74.3    25.7
Absent (-)   1 52 53
%line      1.8    98.2
Total 27 61 88

p<0,001     Compatibility 88.6 %; sensitivity 74 %; specificity 98%.

The re sults of lambda- FLC are 88.6% com pati ble how -
ever they have sen si tiv ity and speci fic ity of 74% and 98%
re spec tively with ref er ence to im munofixa tion, which de -
tected a band on lambda path way (Ta ble 4). In the group
of 35 pa tients with lambda chain on im munofixa tion 9 pa -
tients had nor mal lambda FLC (5.71-26.3 mg/L) and
kappa/lambda ra tio (0.26-1.65).

DIS CUS SION
The in ves ti ga tion dem on strated how new quan ti ta tive

analy sis scores of free light chains cor re late with the re sults
ob tained by stan dard im munofixa tion used to de tect mono -
clonal pro teins, com plete or formed of free light chains. We 
as sessed pos si ble use ful ness of quan ti ta tive de ter mi na tions 
of free light chains to de tect mono clonal pro tein.

Jaskowski et al. [5] found that the con cen tra tions of
kappa free light chains were ab nor mal in 72.9% pa tients
who had a band de tected on kappa path way by im -
munofixa tion. When lambda band was de tected on immu-
nofixa tion, the con cen tra tions of lambda free light chains
were be yond the range of ref er ence in 91.4% pa tients.

Our re sults also con firmed in creased FLC con cen tra -
tions of ei ther kappa or lambda chain on im munofixa tion.
When kappa band was de tected on im munofixa tion, the
val ues were be yond the ref er ence range in 85.7% pa tients. 
When lambda FLC was de tected by im munofixa tion the
con cen tra tions of lambda FLC were in creased in 62% pa -
tients. 

The re sults sug gest that ex ces sive pro duc tion of FLC
was noted in the ma jor ity of pa tients in whom mono clonal 
pro tein was de tected on im munofixa tion. In a small group
of pa tients FLC con cen tra tions were within nor mal range
(14.3% and 25.7% re spec tively) de spite the de tec tion of
kappa or lambda band on the path way, which sug gests
that no over pro duc tion of FLC oc curred. Those re sults
low ered the com pati bil ity level be tween the re sults of
quan ti ta tive analy sis and im munofixa tion, which were
79,5% and 88.6% for kappa and lambda free light chains
re spec tively. Our test com pati bil ity re sults were lower
than pre sented by Jaskowski et al. [5], which can be ac -
counted for by a smaller group of ex am ined pa tients.

Abra ham et al. [1] found free lambda band and in creased
FLC con cen tra tions on im munofixa tion in all pa tients
who had LCD di ag nosed. In 89% pa tients with LCD and
kappa band con firmed on im munofixa tion, FLC con cen -
tra tions were higher than the nor mal ref er ence range. Our
own re sults sup port that find ing, too. Kraj et al.[11] ob tained
simi lar re sults. They con firmed very good sen si tiv ity of se -
rum FLC meas ure ments in pa tients with LCD. All cases
of LCD were di ag nosed ap pro pri ately based on quan ti ta -
tive analy sis of se rum FLCs by nephe lo me try.

An other pa rame ter com pared with im munofixa tion re -
sults was kappa/lambda ra tio, which seems to have big ger
di ag nos tic value than FLC de ter mined alone. Sing hal et
al. [17] found ab nor mal kappa/lambda val ues in 66% pa -
tients who tested posi tively on im munofixa tion. Our
re sults con firm that find ing, too. We found ab nor mal val -
ues of kappa/lambda ra tio in 73% pa tients who had kappa
or lambda band de tected on im munofixa tion. Jaskowski et 
al. [5] found ab nor mal val ues of kappa/ lambda in 32%
pa tients who tested posi tively on im munofixa tion. Many
other authors re ported on ab nor mal kappa/lambda ra tio
fre quently noted in pa tients with sus pected LCD
[7,11,19,20].

Sing hal et al. [17] also noted that nor mal kappa/lambda 
ra tio may sig nal elimi na tion of para pro tein de spite posi -
tive im munofixa tion re sults; Mead et al. [14] con firmed
that find ing, too. Mösbauer et al. [15] found that the re -
duc tion of sFLCs pre ceded nega tive im munofixa tion by
128 days mean, and in pa tients with dis ease re cur rence in -
creased con cen tra tions of sFLCs by 25% were noted 98
days prior to the de tec tion of mono clonal pro tein on im -
munofixa tion. How ever chroni cally ab nor mal kappa/lambda
ra tio may pre cede com plete mono clonal pro tein de tected
by im munofixa tion [17,18].

CONCLUSION
1. Im munofixa tion is more sen si tive method to de tect

gam ma pa thies with com plete mono clonal pro tein in
com pari son to quan ti ta tive FLC analy sis.
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2. The analy sis of FLC is most use ful to iden tify pa tients
sus pected of light chain dis ease.

3. In most cases con cen tra tions of FLCs are in creased de -
pend ing on the type of light chain de ter mined by
im munofixa tion, how ever nor mal val ues of FLCs do
not ex clude the pres ence of mono clonal pro tein.

4. Nor mal kappa/lambda ra tio does not ex clude plasma
cell dyscra sia with mono clonal pro teins pro duced in its 
course.
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