
INTRODUCTION
De ter mi na tion of blood se rum free light chains (FLCs)

was in tro duced into he ma to logi cal prac tice in the USA in
2001 [2]. Kappa and lambda light chains are syn the sized
at de fined rate and sur plus over heavy chains by plas mo -
cytes and B lym pho cytes in the bone mar row and lymph
nodes. Bio logi cal half life time of kappa and lambda
FLCs is 2- 4hrs and 3- 6hrs re spec tively. Moreo ver, the
syn the sis of kappa mono mer chains is two times big ger
than dim mer lambda chains.

In healthy per sons FLCs are fil tered in the re nal glom -
eruli and me tabo lized in the proxi mal tu bules. Physi olo-
gi cally only small quan ti ties of FLCs are ex creted with
urine (1- 10mg/24hrs). Most proba bly they are se creted
via mu cus mem brane of the last sec tion of the neph rone
and ure ter [4,6,10,12].

De ter mi na tion of FLCs in the blood se rum has been
use ful to di ag nose pa tients with mono clonal gammapa -
thies. Be sides, the test has been widely used to as sess
re sponse to treat ment and de tect pro gres sive con di tions.
In the course of gam ma pa thy mono clonal light chains

con sti tute ho mogenic popu la tion of chains made of kappa
and lambda light im mu no globu lins pro duced by ma lig -
nant plas mo cytes and/or B lym pho cytes [2,13]. 

Quan ti ta tive analy sis of FLC by nephe lometry and tur -
bi di me try uses spe cific an ti bod ies which rec og nize
an ti genic de ter min ers of light chains, which in com plete
im mu no globu lin are cov ered by ad ja cent heavy chain. La -
tex balls coated with an ti bod ies are used to en hance
sen si tiv ity of analy sis. FLC analy sis, which has be come
a com mon di ag nos tic prac tice re cently, is most fre quently
done by nephe lo met ric method [4,6,9].

There are only few re ports in lit era ture that compare
vari ous quan ti ta tive analy ses of FLCs. The pur pose of our 
in ves ti ga tion was to com pare nephe lo met ric and tur bi di -
met ric meth ods ap plied in FLC de ter mi na tions.

MA TE RIAL AND METHOD
Com para tive de ter mi na tions were done in the group of

64 pa tients sus pected of mono clonal gam ma pa thy: 30 fe -
males (mean age 66yrs) and 34 males (mean age 64yrs).
The sub jects were treated in The Out pa tient Clinic of He -
ma toon col ogy and Mar row Trans plan tol ogy and The
Clinic of He ma toon col ogy, SPSK-1 in Lublin.

Sam ples of blood were taken fast ing, from the cu bi tal
vein to the test tubes with out an ti co agu lants. Then the test
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tubes were cen tri fuged for 10min at 2,000rpm. Thus ob -
tained se rum was tested for free light chains of kappa and
lambda type and by im munofixa tion to de tect mono clonal 
pro tein. The test ing was car ried out in The Unit of Labo ra -
tory Di ag nos tics, SPSK-1 in Lublin.

Kappa and lambda free light chains were de ter mined
by FREELITE TM kits (The Bind ing Site) on Simens BNII
and Co bas In te gra 400 ana lyz ers.  

Free light chains were de ter mined by nephe lo me try on
Sie mens BN II. FREELITE TM rea gent kit is de signed for
quan ti ta tive analy sis of FLCs. The method in volves
antigen- antibody re ac tion. The sam ple is treated with ex -
cess of spe cific an ti body. Kappa and lambda FLCs bind to 
the spe cific an ti body form ing free light chain- specific an -
ti body com plexes. The beam of light pass ing through
com plex gets scat tered. In ten sity of scat tered light meas -
ured by light de tec tor set at an gles other than 180°
(usu ally 90° or 45° ) is pro por tion ate to FLC con cen tra -
tions. Ana lyti cal sen si tiv ity for kappa and lambda chains
was 0.30 mg/L and 0.25 mg/L re spec tively.

Tur bi di met ric analy sis of FLCs was done on Co bas In -
te gra 400. The method in volves meas ure ments of the
ab sorp tion of light pass ing through the ex am ined sam ple.
It is based on antigen- antibody re ac tion. FLCs con cen tra -
tion is pro por tion ate to the in ten sity of light beam that
passed through the sam ple/in ten sity of ra dia tion beam.
Ana lyti cal sen si tiv ity for kappa and lambda chains was
0.6 mg/L and 1.3 mg/L.

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.

Im munofixa tion was done by Hy dragel 4IF kit (Ho riba
ABX Di ag nos tics).

STA TIS TI CAL ANALY SIS
The re sults were sta tis ti cally ana lyzed by Med Calc and 

STATISTICA Stat Soft 9.0. 
Wil coxon’s test was used to de ter mine sig nifi cant dif -

fer ences be tween the re sults. Pear son’s test as sessed cor re -
la tions be tween the re sults ob tained by both meth ods. To
ver ify di ag nos tic use ful ness of the tested meth ods ROC
curves and as sess ment of back ground fields were ap plied.

RE SULTS
Table 1 pres ents re sults of sta tis ti cal analy sis of tested

pa rame ters de pend ing on the method of kappa and lambda 
free light chain de ter mi na tion.Table1 pres ents the re sults
of kappa and lambda FLCs de ter mined si mul ta ne ously on
both ana lyz ers and evalua tion of sig nifi cant dif fer ences
be tween the re sults of ei ther method.

Moreo ver, we ana lyzed cor re la tions be tween kappa
and lambda FLC con cen tra tions as well as ob tained co ef -
fi cients de pend ing on the method ap plied.

Ta ble 1. De scrip tive sta tis tics of vari ables

Method 
and analyzer XD ± SD Me Min. Max.

Wilcoxon’s
test
(p)

Kappa
(mg/L)

nephelometry
(Siemens BNII)

534.54 ±
1965.70 37.35 0.06 10900.00 <0.0001

Kappa
(mg/L)

turbidimetry
(Cobas Integra 
400)

331.58 ±
1288.75 28.17 2.30 8950.20

Lambda
(mg/L)

nephelometry
(Siemens BNII)

493.01±
1816.92 19.70 0.09 13300.00

0.8533**
Lambda
(mg/L)

turbidimetry
(Cobas Integra 
400)

451.49 ±
1851.93 18.71 5.26 14130.57

Kappa/
Lambda

nephelometry
(Siemens BNII)

102.44 ±
333.86   1.17 0.00 1622.73

0.0004***
Kappa/
Lambda

turbidimetry
(Cobas Integra 
400)

50.77 ±
225.15   1.15 0.00 1564.72

*p<0,001  **p=0,8533  ***p=0,0004
XD – mean, SD – standard deviation, Me-median, Min-minimum,
Max-maksimum

The ma jor ity of cor re la tions were sta tis ti cally highly
sig ni ficant (p<0.01). 

Fig ure 1 pres ents the re sults of kappa FLC con cen tra -
tions ob tained by ei ther nephe lo me try (Sie mens BNII) or
tur bi di me try (Cobas In te gra 400) . The re sults of kappa FLC
val ues ob tained by ei ther nephe lo me try (Sie mens BNII)
or tur bi di me try (Cobas In te gra 400) dem on strated highly
sig nifi cant cor re la tion (R was posi tive, 0.9906) (Fig. 1).

Fig ure 2 presents the re sults of lambda FLC con cen tra -
tions ob tained by ei ther nephe lo me try (Sie mens BNII) or
tur bi di me try (Cobas In te gra 400). The re sults of lambda
FLC val ues ob tained by ei ther nephe lo me try (Sie mens
BNII) or tur bi di me try (Cobas In te gra 400) dem on strated
highly sig nifi cant cor re la tion (R was posi tive, 0.9821).
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Fig. 1. Correlation between kappa FLCs determined by
nephelometry and turbidimetry on logarithm scale

Fig. 2. Correlation between lambda FLCs determined by
nephelometry and turbidimetry on logarithm scale



Fig ure 3 pres ents the val ues of kappa/lambda ra tios
cal cu lated from the val ues of free light chains ob tained by
ei ther nephe lo me try (Sie mens BNII) or tur bi di me try
(Cobas In te gra 400). The re sults dem on strated highly sig -
nifi cant cor re la tion (R was posi tive, 0.9860).

To evalu ate di ag nos tic value of kappa and lambda
FLCs de ter mined by vari ous methods ROC curves were
drawn de pend ing on posi tive/nega tive im munofixa tion
re sults (Fig. 4 and Fig. 5).

Com para tive analy sis of ROC curves found big ger area 
un der the ROC curve for lambda FLCs than kappa FLCs
in both meth ods. For nephe lo me try on Sie mens BNII ana -
lyzer  the ar eas for kappa and lambda FLCs were 0.88 and
0.96 re spec tively; for tur bi di me try on Co bas In te gra 400
ana lyzer those ar eas were 0.87 and 0.95 re spec tively.

DIS CUS SION
Elec tro pho re sis and im munofixa tion of blood se rum

pro teins are basic di ag nos tic meth ods used  to de tect and
moni tor mono clonal pro tein gam ma pa thies. The meth ods
al low to de tect and iden tify the type of mono clonal pro -
tein. How ever the analy ses of free light chains by
nephe lo me try or tur bi di me try have be come com mon di -
ag nos tic tests re cently. FLC analy sis has be come a valu able
com ple men tary method to the stan dard di ag no sis of
mono clonal gam ma pa thies [4,7,9].

Many authors have ad vo cated higher sen si tiv ity of
nephe lo me try and tur bi di me try in de tect ing FLCs in com -
pari son to pro tein elec tro pho re sis and im munofixa tion.
Im munofixa tion is able to de tect FLCs at the con cen tra -
tions of 100–150 mg/l at the least whereas nephe lo me try
al lowed their de ter mi na tion at the con cen tra tions as lit tle
as 3–4 mg/l. It con firms the fact that the meth ods which
use specific anti- kappa and anti- lambda an ti bod ies al low to 
de tect FLCs val ues within the  ref er ence range or be low
which is im pos si ble with other ac ces si ble meth ods [2,4,8].

Our re sults con firm other re search find ings of high sen -
si tiv ity of FLC de ter mi na tions by nephe lo me try and
tur bi di me try. The low est value of kappa FLC con cen tra -
tion ob tained by nephlo me try was 0.06 mg/L and by turbi- 
di me try it was 2.30 mg/L. The con cen tra tions of lambda
FLCs were de tected at a bit higher con cen tra tions: 0.09
mg/L on nephe lo me try and 5.26 mg/L on  tur bi dy me try.

Quan ti ta tive tests al low ear lier de tec tion of FLCs than
stan dard im munofixa tion and elec tro pho re sis. In pa tients
with non- secretive mye loma and amy loi do sis they are
use ful in moni tor ing pa tients with light chain dis ease es -
pe cially [1,3,5].

Com para tive analy sis of both meth ods ap plied to de -
tect kappa FLC in the group of pa tients ex am ined found
sta tis ti cally highly sig nifi cant dif fer ences (p<0.0001) be -
tween re sults de pend ing on the method ap plied. The
re sults of nephe lo me try on Sie mens BN II are gen er ally
higher com pared to tur bi di met ric val ues ob tained on Co bas 
In te gra 400. How ever de ter mi na tions of lambda FLCs by
those meth ods were not sig nifi cantly dif fer ent (p=0.8533).
The re sults of lambda FLCs on nephe lo me try and tur bi di -
me try were very close. Moreo ver, kappa/lambda ra tios
de ter mined by nephe lo me try and tur bi di me try were sig -
nifi cantly highly dif fer ent (p=0.0004) de pend ing on the
method. Kappa/lambda ra tios de ter mined by nephe lo me -
try were higher  than the cor re spond ing val ues on
tur bi di me try.
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Fig. 3. Correlation between kappa/lambda FLC determined by
nephelometry and turbidimetry on logarithm scale

Fig. 4. ROC curves for kappa FLCs in patients with positive/
negative immunofixation results (*Siemens BN II, **Cobas
Integra 400)

Fig. 5. ROC curves for lambda FLCs in patients with positive/
negative immunofixation results (*Siemens BN II, **Cobas
Integra 400)



The fig ures pres ent dis tri bu tion of kappa and lambda
FLC con cen tra tions de ter mined by nephe lo me try and tur -
bi di me try which im plies highly posi tive cor re la tion
be tween kappa and lambda FLCs (0.9906 and 0.9821 re -
spec tively). Ad di tion ally, high cor re la tion was found
be tween kappa/lambda ra tios ob tained by both meth ods.
Sta tis ti cal as sess ment of cor re la tions con firms that both
tests are equally use ful in de ter min ing kappa and lambda
chains.

Mat ters et al. [11] com pared FLC val ues ob tained on
eight dif fer ent ana lyz ers. The ex am ined 100 healthy per -
sons who tested nega tively on elec tro pho re sis and 88
pa tients had with posi tive im munofixa tion re sults for
mye loma and posi tive bone mar row bi opsy re sults. They
found that de ter mi na tions of FLCs by nephe lo met ric and
tur bi di met ric ana lyz ers were com pa ra ble and com pati ble.

The analy sis of di ag nos tic use ful ness of FLCs tested by 
both meth ods re vealed con sid er able simi lari ties. The area
un der ROC curve for kappa FLC on nephe lo me try (0.88)
was slightly big ger than the area un der the curve for  tur bi -
di met ric method (0.87). Analogi cally, the area un der ROC
curve for lambda FLCs on nephe lo me try was a bit big ger
than the area un der ROC curve for tur bi di me try. It is
worth not ing that the ar eas un der the curves for lambda
FLCs were big ger than the ar eas for kappa FLCs in both tests.

CONCLUSION
The analy sis of re sults let con clude that nephe lo met ric

and tur bi di met ric tech niques ap plied to de ter mine kappa
and lambda free light chains have com pa ra ble di ag nos tic
value. 

REFERENCES
1. Abra ham R.S., Katz mann J.A., Clark R.J. et.al.: Quan ti ta tive

analy sis of se rum free light chains. A new marker for the di -
ag nos tic evalua tion of pri mary sys temic amy loi do sis. Am. J.
Clin. Pa thol., 119, 274, 2003.

2. Brad well A.R., Carr- Smith H.D., Mead G.P. et.al.: Highly
sen si tive, auto mated im mu no as say for im mu no globu lin
free light chains in se rum and urine. Clin. Chem., 47, 673,
2001.

3. Bradwell A.R., Carr- Smith H.D., Mead G.P. et.al.: Se rum test 
for as sess ment of pa tients with Bence Jones mye loma. Lan -
cet 361, 489, 2003.

4. Brad well A.R.: Se rum Free Light Chain Analy sis. 6th ed. Brad -
well 2010. 

5. Dray son M., Tang L.X., Drew R. et. al.: Se rum free light-
 chain meas ure ments for iden ti fy ing and moni tor ing pa -
tients with non se cre tory mul ti ple mye loma. Blood, 97, 2900,
2001.

6. Jurc zyszyn A., Skot nicki A.B.: Szpic zak mnogi – kom -
pleksowa di ag no styka i tera pia, Wgór nicki Wy dawnictwo
Me dyc zne, 2010.

7. Katz mann J.A., Abra ham R.S., Dis pen zieri A. et.al.: Di ag -
nos tic per form ance of quan ti ta tive kappa and lambda free
light chain as says in clini cal prac tice. Clin. Chem., 51, 878,
2005.

8. Katz mann J.A., Clark R.J., Abra ham R.S. et. al.: Se rum ref er -
ence in ter vals and di ag nos tic ranges for free kappa and free
lambda im mu no globu lin light chains: rela tive sen si tiv ity for 
de tec tion of mono clonal light chains. Clin. Chem., 48, 1437,
2002.

9. Kendziorek A., Bo bile wicz D.M.: Ba da nia labo ra to ry jne
w różnych sta diach roz woju gam ma pa tii monok lon alnych.
In vi tro Ex plorer, 1, 3, 2007.

10. Lev in son S.S., Keren D.F.: Free light chains of im mu no -
globu lins: clini cal labo ra tory analy sis. Clin. Chem., 40, 1869,
1994.

11. Mat ters D.J., Solanki M., Jones R. et.al.: Sta tis ti cal analy sis of
free light chain re sults be tween eight nephe lo met ric and tur -
bi di met ric plat forms. He ma tol ogy Meet ing Re ports, 2, A5a,
2008.

12. Russo L.M., Bakris G.L., Com per W.D.: Re nal han dling of
al bu min: a criti cal re view of ba sic con cepts and per spec tive.
Am. J. Kid ney Dis., 39, 899, 2002.

13. Usnarska- Zubkiewicz L., Hołojda J., Ku liczkowski K.: Se -
rum free light chain (sFLC) – di ag nos tic and prog nos tic
value in plasma cell dy scra sias. Acta Hae ma tol. Pol., 40, 349,
2009.

Vol. 25, 4, 434–437 437

Concentrations of free light chains determined by nephelometry and turbidimetry


