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Abstract


The aim of study of labeling of ligand-antibody conjugates was to find optimal conditions of preparing of these conjugates and appropriate radioactivity of select nuclide
for application in nuclear medicine, i. e. diagnostics and therapy of various types of tumors.
The (-immunoglobulin G (human or bovine IgG, polyclonal antibodies) and bifunctional chelating agent, diethylenetriaminepentaacetic acid dianhydride (cDTPAA) conjugation
was carried out. Various values of the cDTPAA/antibody ratio, the weight concentration of polyclonal or monoclonal antibodies (MEM-97) and buffers were used. Further, the labeling conditions of the DTPA-IgG conjugate by radionuclides 90-yttrium and 177-lutetium were optimized and the labeling yield, the conjugate rate of prepared radionuclide-DTPA-IgG conjugates were determined.



Incubation time of the immunoglobulin conjugation was obtained at 30 minutes from mixing of individual components. The labeling yield of radionuclide-DTPA-antibody conjugate higher than 80 % was researched. Higher values of conjugation rate
of radionuclide-DTPA-antibody conjugate were achieved in 0.1 mol.L-1 carbonate buffer,
pH 8.5. It follows, 0.1 mol.L-1 carbonate buffer is  suitable for studied conjugation systems. This study showed that the labeling yield as well as the conjugation rate of tested systems depends on the amount of antibody substance, bifunctional chelating agent/antibody ratio
and pH value of used buffer.
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Introduction


The labeling of various antibodies by radionuclides described by Pressman in 1957 [1]. The rapid development of the radioimmunoanalysis (RIA) was caused by application
of labeled antibodies. The radioiodine was firstly applied for labeling of many antibodies.
The principle of radioiodization reaction is forming a bond between iodine and aromatic carbon. These labeled antibodies are not used at “in vivo” application due to easy dissociation of the iodine-aromatic carbon bond, i.e. the deiodination reaction [2]. It was the reason
for increasing the development of the method of labeled antibodies by radionuclides using their metallic character. One of these methods is conjugation of chelating agent
(especially bifunctional chelating agent) and antibody. Bifunctional chelating agents have two functional groups. The first, very reactive group forms the amide bond to antibody.
The chelate bond to the radionuclide forms the second group of bifunctional chelating agent.


Currently, antibodies and radionuclide of trivalent metal complexes, especially lanthanides, have increasing significance for the targeted therapy of carcinoma or tumors [3]. Number of these radionuclides of lanthanide group have suitable physical properties
for the tumor therapy. Therapeutic radiopharmaceutical drugs are the target transported to tumor tissue by means of specific antibody. In particular, the monoclonal or polyclonal antibodies have required affinity to specific antigens of tumor cells. The corpuscular radiation energy (LET, Linear Energy Transfer) of present radionuclide at radiopharmaceutical
is able to kill the tumor cells. 


The most significant approach of labeling technique of antibodies by radinuclides
with metallic character is utilization of the bifunctional chelating agents [4, 5]. These agents are strong chelatones and they are used in the radiopharmaceutical therapy, for example ethylenediamine-N,N,N’,N’-tertaacetate acid (EDTA), diethylenetriamine-N,N,N’,N’,N’’-pentaacetate acid (DTPA) etc. Conversely, weaker chelating agents such as nitrilotricetic acid (NTA), iminodiacetic acid (IDA) are not suitable for radionuclide labeled antibodies
due to potential release of the radionuclide from radiopharmaceutical.

There are three well-known types of reactions of chelating agent molecule
as it is shown at following example of DTPA molecule:  
Type 1:
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The esters, imines or mixed anhydrides represents of the reactive group R. 

Type 2:
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Bicycle anhydride of DTPA (cDTPAA).
Type 3:
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Substituent R provides the reactive group, e.g. diazonium.


The basic amino group of amino acide is bonded to peptide chain of antibody and it forms chelate bond, i.e. especially lysine, eventually hydroxylysine or arginine, in the case of the 1 and 2 type. 

Chelating agent is bonded to peptide chain by amide bond, for example lysine and DTPA:
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P1, P2 …peptide chains of antibody.


Chelating agent is bonded to free group of the N-ending amino acid of antibody, eventually the SH-group. Primarily, bond formed the free amino group, i.e. N-ending amino acid, and ligand has effect on the immunoreactivity of appropriate substance as these free amino groups are in the V-region of antibody [3, 4, 5]. The setting of chelate bond to antibody depends on the type of radioactive group at substituted DTPA acide (type 3). In case of the R substituent is the diazonium group –N2+, the chelate bond is formed by means of thyrosine, eventually histidine. The same situation is at the electrophilic substituation of iodine. Diethylenetriaminepentaacetic acid dianhydride from number of bifunctional chelating agents was used in our laboratory. The advantage of this chelating agent consists in easy conjugation reaction which can be realized directly in solution of antibody at slightly alkaline or neutral medium [4, 5]. 

The radionuclides of trivalent metals, especially lanthanides, are suitable for therapy
of various types of carcinoma. The carrier of radionuclide is chelate group bonded to antibody. Radionuclide with the half-life about 30 hours has optimal physical properties
for the therapy due to sufficient time and energy for killing tumor cells. The half-life
of applied radionuclide should be less than around 200 hours. This radionuclide emits electrons at energy higher than 0.4 MeV and it is an adequate energy for killing tumor cells [6]. Radionuclides at required physical and chemical properties are given at Table I.

Experimental section


Chemicals 


The nitric acid, lithium citrate, citric acid, lithium hydroxide, hydrochloric acid, dimethylenesulphoxide, sodium dihydrogenphosphate dihydrate, disodium hydrogenphosphate dodecahydrate, sodium hydrogen carbonate, disodium carbonate
were purchased from Penta (Prague, Czech Republic). All used chemicals were of the highest purity (that is p.a.). Yttrium chloride (99.9 %), lutetium chloride (99.9 %), diethylenetriaminepentaacetic acid dianhydride (98 %), bovine immunoglobulin G (( 95 %), human immunoglobulin G (90 %, contain 10 % glycine as stabilizer) and cation exchange resin AG 50W-X8 used in 90Sr/90Y generator were obtained from Sigma Aldrich (Prague, Czech Republic). MicroSep filters (50 kDa) used for ultrafiltration of studied conjugates
were from Pall (USA). Monoclonal antibody MEM-97 (( 95 %, 0.1 mol.L-1 phosphate buffer, pH 7.3) was obtained from Exbio (Prague, Czech Republic).


Preparation of radionuclides 


The generator based on the ion-exchange chromatography was used for preparation
of 90Y radionuclide. Parent isotope of 90Sr with radioactivity 16 MBq was absorbed
on the cation exchange resin AG 50W-X8. The lithium citrate solution (26 mmol.L-1, pH 5.5)
was used for elution of 90Y radionuclide. Carrier-free 90Y radionuclide with the maximal specific radioactivity 3 MBq.mL-1 was obtained by this technique.


The radionuclide 177Lu was prepared via the irradiation of lutetium chloride
by a thermal neutrons flow in the research LVR-15 reactor [7]. Target activation was got according to the following reactions:


Production reaction:
176Lu(n,() 177Lu
( = 1770 barn

T1/2 = 6.73 days

Secondary reaction:
176Lu(n,() 177mLu
( = 317 barn

T1/2 = 160.4 days


175Lu(n,() 176mLu
( = 16 barn

T1/2 = 3.66 hours

(1 barn = 1028 m2)
Lutetium chloride with the natural composition of isotopes 2.6 % 175Lu and 97.4 % 176Lu,
as well as lutetium chloride enriched by 176Lu isotope with content of 35.7 % 175Lu
and 64.3 % 176Lu were used at irradiation. The integral dose of the thermic neutrons in target
was 7.6.1018 neutrons after irradiation for 24 hours in the H5 channel of LVR-15 reactor.
The specific radioactivity of unenriched target 1150 MBq.mg-1 and the specific radioactivity
of enriched target 1050 MBq.mg-1 were achieved, respectively. 


Instruments


Mettler DL250 pH meter with the glass electrode (Mettler-Toledo, Prague, Czech Republic) was used for adjustment of pH value of corresponding solutions. The separation
of radionuclide-ligand-antibody conjugate was carried out on the Refrigerated Centrifuge Z300K (BioTech, Prague, Czech Republic) at 4186 rotation speed per minute, laboratory temperature, 55 minutes time period. MIP10 Nardeux equipped with radiometric detection tube; Geiger-Müller counting tube (Matériel Intervention Radiologique, France) at keeping consistent of the geometry measurement were used for radioactivity detecting
of corresponding high-molecular and low-molecular species. The 90Y radioactivity obtained from 90Sr/90Y generator was measurement by PTW-CURIEMENTOR 2 (Siemens Medical Solutions, Germany). 


Determination of labeling yield and conjugate rate


The labeling yield was calculated by following equation (1): 
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Radioactivity of high-molecular species and low-molecular species in supernatant
was determined after labeling. When aV – radioactivity of high-molecular species,
aN – radioactivity of low-molecular species and LY – labeling yield.

The conjugation rate defined as the molar amount of DTPA per one molecule immunoglobulin was determined by isotope dilution analysis. Decrease of labeling yield
was carried out by addition of the radionuclide target to labeled conjugate. This method could be applied at prediction that the stability constant of trivalent metal-DTPA complexes has the pK value equal from 22 to 28. 

If molar concentration of radionuclide (cr), molar concentration of conjugated immunoglobulin (ck) and labeling yield (LY) (equation 1) were known then the conjugation rate (CR) (i.e. number of the DTPA group bonded to one molecule immunoglobulin) could be calculated according to the following formula:
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(2)


Optimization of conjugation conditions


The immunoglobulin and cDTPAA conjugation conditions were optimized according to the following process: the stock solution of the immunoglobulin (bovine or human)
at molar concentration 7.10-8 mol.L-1 was prepared by dissolving of calculated amount
of IgG in 0.1 mol.L-1 carbonate buffer at pH 8.5, respectively. The similar way was used
for obtaining diethylenetriaminepentaacetic acid dianhydride (cDTPAA) stock solution
at concentration 5.6.10-2 mol.L-1 in dimethylenesulphoxide. 50 (l cDTPAA solution
(2.8.10-6 mol.L-1) was added to the immunoglobulin solution. Then this solution was mixed and left interacted for 30 minutes. In this case the cDTPAA/IgG molar ratio was 40. Consecutive steps were ultrafiltration of the reaction mixture and eluting
of high-molecular specie by 1 mL 0.1 mol.L-1 phosphate buffer at pH 7.3. The molar concentration of conjugated immunoglobulin was 7.10-5 mol.L-1 because the ultrafiltration and dissolving were quantitative. Immunoglobulin G (bovine or human) and cDTPAA conjugation was also studied for the cDTPAA/IgG molar ratio 15/1, 105/1, 125/1 and 250/1.


Optimization of labeling conditions


Radionuclides 90Y and 177Lu dissolved in 0.026 mol.L-1 lithium citrate solution
at pH 5.5 were used for labeling of the DTPA-IgG conjugates. Radionuclide labeled immunoglobulin conjugate was separated from the reaction mixture by ultrafiltration
and it was eluted into a suitable volume of 0.1 mol.L-1 phosphate buffer. 100 (l 90Y radionuclide solution at 1.5 MBq.mL-1 specific radioactive and 100 (l yttrium chloride solution at molar concentration 1.10-2 mol.L-1 (0.026 mol.L-1 lithium citrate, pH 5.5)
were added to 1 mL DTPA-IgG conjugate solution at molar concentration 7.10-5 mol.L-1
in 0.1 mol.L-1 phosphate buffer, pH 7.3. Radionuclide-DTPA-IgG product was separated by ultrafiltration after 30 minutes and eluted by 1 mL 0.1 mol.L-1 phosphate buffer, pH 7.3.
The labeling yield and conjugation rate were determined from measured values of specific radioactivity of high-molecular and low-molecular species (Table II). MEM-97 antibody
was conjugated and labeled (radionuclides 90Y or 177Lu) by the analogous process
(Table II D). 


In the majority of cases were conjugation reactions realized by excess of cDTPAA which was added to reaction mixture. In the case of lower cDTPAA/IgG molar ratio
was pipeted of aliquot part of the cDTPAA stock solution (weight concentration
was 20 mg.mL-1). The conjugation reaction was proceed for 30 minutes at periodic mixed
and at laboratory temperature. The high-molecular species (i.e. conjugate and unconjugate immunoglobulin) were separated from the low-molecular species (i.e. DTPANa2)
via ultrafiltration. The MicroSep 50 kDa filters were used for this ultrafiltration.
High-molecular specie (i.e. DTPA-IgG conjugate) was remained under filter and supernatant contained buffer and low-molecular species. The conjugate was transferred to solution
by 0.1 mol.L-1 phosphate buffer due to lower dilution of prepared conjugate and next labeling carried out without any other adjustment. 

Results and discussion

This studied model method of the immunoglobulin and diethylenetriaminepentaacetic acid dianhydride (cDTPAA) conjugation was chosen because of easy reaction principle
and simple realization in our laboratory. 


All conjugation reactions were carried out by the following process: the cDTPAA excess and concentrated solution of the immunoglobulin was reacted in slightly alkaline medium in phosphate buffer or carbonate buffer. The first of anhydride group was interacted with immunoglobulin and the second was hydrolyzed to carboxyl group. Amino group
of amino acid of antibody peptide chain (i.e. especially lysine, eventually hydroxylysine
or arginine contented in chains of immunoglobulin) was bonded by chelating agent.
The amide bond was formed at these conjugation reactions. The other potential reactions
with free group, i.e. the N-ending amine acid, eventually possible interaction with free reactive SH-group of immunoglobulin were not excluded. In particular, formation of bond to the free amine group, i.e. the N-ending amino acid, could carry out increased immunoreactivity of immunoglobulin. The reason of this effect is possible binding
of chelating agent to these free amine group at V-region of antibody. Generally it is known that this V-region of antibody specified immunoreactivity of appropriate antibody.


0.1 mol.L-1 phosphate buffer, pH 7.3 or 0.1 mol.L-1 carbonate buffer, pH 8.5 were used at these conjugation reactions due to obtained optimal conjugation rate and potential application to patient body. 

The labeling of prepared DTPA-IgG conjugate was realized by addition of a suitable chosen radionuclide solution to conjugate solution after separation of it via ultrafiltration, immediately. The reason for utilization of radionuclide solutions in the excess of weak chelating agent were following effects: Firstly, radionuclide could give in to hydrolysis on radiocolloid at higher pH value and secondly, immunoglobulin could be damaged at lower pH. Formed complex should have optimal stability, it should be resistant to hydrolysis together with ability to release of radionucide for binding to DTPA-IgG conjugate.

Hence, 0.026 mol.L-1 citrate buffer at pH 5.5 was used for the elution of 90Y radionuclide or dissolving of LuCl3 irradiated in the LVR-15 reactor.

Determined conjugate rate values were depended on the immunoglobulin concentration, cDTPAA/IgG conjugation ratio and pH values of reaction mixture. All results are given in Table II. Established values of the conjugation rate of human or bovine immunoglobulin at identical pH were agree with together, e.g. the conjugation rate equal to 10 was found for the 40/1 conjugation ratio, it means 10 chelating agent molecules were bonded to one immunoglobulin molecule. The pH value of reaction mixture was one of factors influencing the immunoglobulin and chelating agent conjugation. Lower pH value of reaction mixture (pH 7.3) lead to decrease of the conjugation rate. For example: CR = 8
was established for 40/1 conjugation ratio (Fig. 1). All observed results confirmed
the significance of pH value, concentration of immunoglobulin and chelating agent/antibody ratio. The conjugation rate was increased with increasing of the immunoglobulin concentration and cDTPAA/IgG conjugation rate (Fig. 1 and 2). The immunoreactivity
of corresponding antibody decreases in depends on increasing of conjugation rate and it is important to be considered for these conjugation reactions. We succeeded in finding optimal conjugation rate of DTPA-IgG conjugate in interval from 6 to 8. The regression curve
was obtained from results of human or bovine immunoglobulin conjugation rate (Fig. 3). 


Studied conjugation reactions of cDTPAA and monoclonal antibody MEM-97
were carried out at 15/1, 40/1, 105/1, 125/1 cDTPAA/MEM-97 ratios at pH 8.5. Established values of conjugation rates for DTPA-MEM-97 conjugates are given in Table II D.
Figure 4 shows dependence of conjugation rate on cDTPAA/MEM-97 conjugation ratio.
The conjugation rate of DTPA-MEM-97 conjugate was increased together with increasing
of cDTPAA/MEM-97 ratio. Optimal chelating agent/antibody ratio was selected due to keeping the immunoreactivity of appropriate antibody. Value of specific radioactivity
of achieved radioconjugate (radionuclide-ligand-antibody conjugate) was very important
for next application. The dependence of the specific radioactivity of 177Lu radionuclide bonded to human IgG on the irradiation time and conjugation rate is shown Fig. 5.
This dependence confirmed increasing specific radioactivity together with irradiation time
of relevant target and conjugation rate. 
It was shown that irradiation of target longer than 36 hours was irrelevant because
then specific radioactivity was grown slightly. The specific radioactivity of unenriched target 1150 MBq.mg-1 and specific radioactivity of enriched target 1050 MBq.mg-1 achieved by irradiation for 24 hour were meeting with required application. 
Acknowledgements


This research work was supported by Ministry of Education, Youth and Sports
of the Czech Republic under the project MSM 6046137307.
Reference:

1. Pressman D (1957) Ann N Y Acad Sci 69:644-650
2. Cotton F A, Wilkinson G (1972) The group element: F, Cl, I, At: Advanced Inorganic Chemistry, N.Y. J.Willey, Ed. 3, p 458

3. Hnatowich D J, Childs R L, Lanteigne D, Najafi A (1983) J Immunol Methods 65:147-157

4. Málek Z, Miler V, Budský F (2006) Czech J Phys 56:D705 – D710

5. Reková M, Jedináková-Křížová V (2005) Preparation and characterization
of radionuclide-ligand-antibody conjugates, 16th. National Seminar on the Separation Chemistry and Analysis of Toxic Substances (into Czech language: Příprava
a charakterizace konjugátů radionuklid-ligand-protilátka,“16. celostátní seminář
o separační chemii a analýze toxických látek“), Lázně Bohdaneč, Vol. 16, No. 1/2005, pp. 1 – 12, ISBN 80-86640-44-2

6. Postema E J, Oyen W J G, Boerman O C, Corstens F H M (2003) J Nucl Med 44(5):853-853 

7. Mikolajczak R, Parus J L, Pawlak D, Zakrzewska E, Michalak W, Sasinowska I (2003) J Radioanal Nucl Chem 257 (1):53-57 

Table I. Selected radionuclides of trivalent metals for labeling of antibodies. 

	Radionuclide
	Half-life
[hours]
	E

[KeV]
	E
[MeV]

	47 Sc
	82.1
	159
	0.50

	90 Y
	64.1
	-
	0.90

	149 Pm
	53.1
	285
	1.05

	153 Sm
	46.3
	635.103
	0.80

	175 Yb
	99.0
	396.282
	0.50

	166 Ho
	26.7
	80
	1.85

	177 Lu
	161.0
	112.208
	0.18


Table II. The conjugation rate (CR) of various antibody concentrations
and chelating agent/antibody ratios.

	
	cDTPAA/antibody ratio

	Weight concentration
 of antibody [mg/ml]
	15
	40
	105
	125
	250

	A

	10 
	6.1
	10.7
	12.8
	14.4
	15.6

	5 
	2.9
	5.5
	6.1
	8.3
	9.8

	1 
	0.5
	0.9
	1.1
	1.4
	1.5

	B

	10 
	5.9
	10.1
	13.1
	14.1
	14.8

	5 
	2.8
	5.3
	5.9
	8.0
	9.4

	1 
	0.5
	0.9
	1.1
	1.3
	1.4

	C

	10 
	4.7
	8.1
	10.5
	11.3
	11.9

	5 
	2.2
	4.2
	4.7
	6.4
	7.6

	1 
	0.4
	0.7
	0.8
	1.1
	1.2

	D

	2.5 
	1.4
	2.6
	2.9
	3.9
	-


A – The conjugation rates (CR) for various cDTPAA/BIgG ratios and BIgG weight concentrations (10, 5 and 1 mg.mL-1) at pH 8.5.

B – The conjugation rates (CR) for various cDTPAA/HIgG ratios and HIgG weight concentrations (10, 5 and 1 mg.mL-1) at pH 8.5.

C – The conjugation rates (CR) for various cDTPAA/HIgG ratios and HIgG weight concentrations (10, 5 and 1 mg.mL-1) at pH 7.3.

D – The conjugation rates (CR) for various cDTPAA/MEM-97 ratios and MEM-97 weight concentration (2.5 mg.mL-1) at pH 8.5.
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Fig. 1. The dependence of DTPA-human IgG conjugation rate on cDTPAA/HIgG molar ratio at pH 8.5 and 7.3. 
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Fig. 2. The dependence of DTPA-bovine IgG conjugation rate on cDTPAA/BIgG molar ratio at pH 8.5. 
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Fig. 3. Regression of the dependence of cDTPAA/IgG conjugation rate on cDTPAA/IgG conjugation ratio at three various IgG concentration (pH 8.5). 
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Fig. 4. The dependence of DTPA-MEM-97 conjugation rate on cDTPAA/MEM-97 molar ratio for 2.5 mg.mL-1 weight concentration MEM-97 at pH 8.5. 
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Fig. 5. The dependence of achieved specific radioactivity of 177Lu radionuclide
bonded to human IgG on irradiation time and conjugation rate. The lutetium chloride LuCl3 target enriched by isotope 176Lu to 64.3 % was irradiated at the H5 channel
in the LVR-15 reactor. 
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Graf1-BIgG pH 8,5

		15		15		15

		40		40		40

		105		105		105

		125		125		125

		250		250		250



10 [mg.mL-1]

5 [mg.mL-1]

1 [mg.mL-1]

cDTPAA/IgG ratio

DTPA/IgG conjugation rate

6.1

2.9

0.5

10.7

5.5

0.9

12.8

6.1

1.1

14.4

8.3

1.4

15.6

9.8

1.5



Graf2-HIgG pH 8,5 a 7,3

		15		15		15		4.7		2.2		0.4

		40		40		40		8.1		4.2		0.7

		105		105		105		10.5		4.7		0.8

		125		125		125		11.3		6.4		1.1

		250		250		250		11.9		7.6		1.2



10 [mg/ml] pH = 8,5

5 [mg/ml] pH = 8,5

1 [mg/ml] pH = 8,5

10 [mg/ml] pH = 7,3

5 [mg/ml] pH = 7,3

1 [mg/ml] pH = 7,3

Konjugační poměr cDTPAA/IgG

Stupeň konjugace DTPA/IgG

5.9

2.8

0.5

10.1

5.3

0.9

13.1

5.9

1.1

14.1

8

1.3

14.8

9.4

1.4



Graf3-CD20 pH 8,5

		15

		40

		105

		125



2,5 [mg/ml]

Konjugační poměr cDTPAA/IgG

Stupeň konjugace DTPA/IgG

1.4

2.6

2.9

3.9



Data

		Stanovené hodnoty stupně konjugace pro různé hodnoty konjugačního poměru ligand/protilátkaa různé hmotnostní koncentrace ligandu (pH = 7,3 a 8,5).

		BIgG pH = 8,5

		konc. [mg/ml]				10 [mg/ml]		5 [mg/ml]		1 [mg/ml]

		konjugační poměr		15		6.1		2.9		0.5

				40		10.7		5.5		0.9

				105		12.8		6.1		1.1

				125		14.4		8.3		1.4

				250		15.6		9.8		1.5

		HIgG pH = 8,5

		konc. [mg/ml]				10 [mg/ml] pH = 8,5		5 [mg/ml] pH = 8,5		1 [mg/ml] pH = 8,5				10 [mg/ml] pH = 7,3		5 [mg/ml] pH = 7,3		1 [mg/ml] pH = 7,3

		konjugační poměr		15		5.9		2.8		0.5		15		4.7		2.2		0.4

				40		10.1		5.3		0.9		40		8.1		4.2		0.7

				105		13.1		5.9		1.1		105		10.5		4.7		0.8

				125		14.1		8		1.3		125		11.3		6.4		1.1

				250		14.8		9.4		1.4		250		11.9		7.6		1.2

		HIgG pH =7,3

		konc. [mg/ml]				10		5		1

		konjugační poměr		15		4.7		2.2		0.4

				40		8.1		4.2		0.7

				105		10.5		4.7		0.8

				125		11.3		6.4		1.1

				250		11.9		7.6		1.2

		CD20 pH = 8,5

		konc. [mg/ml]				2,5 [mg/ml]

		konjugační poměr		15		1.4

				40		2.6

				105		2.9

				125		3.9





Data

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0
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List2
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10 [mg/ml] pH = 8,5

5 [mg/ml] pH = 8,5

1 [mg/ml] pH = 8,5

Konjugační poměr cDTPAA/IgG

Stupeň konjugace DTPA/IgG
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Graf1-BIgG pH 8,5

		15		15		15
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		105		105		105

		125		125		125

		250		250		250



10 [mg.mL-1]

5 [mg.mL-1]

1 [mg.mL-1]

cDTPAA/IgG conjugation ratio

DTPA/IgG conjugation degree

6.1

2.9

0.5
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8.3

1.4

15.6
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Graf2-HIgG pH 8,5 a 7,3

		15		15		15		4.7		2.2		0.4

		40		40		40		8.1		4.2		0.7

		105		105		105		10.5		4.7		0.8

		125		125		125		11.3		6.4		1.1

		250		250		250		11.9		7.6		1.2



10 [mg.mL-1] pH 8.5

5 [mg.mL-1] pH 8.5

1 [mg.mL-1] pH 8.5

10 [mg.mL-1] pH 7.3

5 [mg.mL-1] pH 7.3

1 [mg.mL-1] pH 7.3

cDTPAA/IgG conjugation ratio

DTPA/IgG conjugation degree

5.9

2.8

0.5

10.1

5.3

0.9

13.1

5.9

1.1

14.1

8

1.3

14.8

9.4

1.4



Graf3-CD20 pH 8,5

		15

		40

		105

		125



2,5 [mg/ml]

cDTPAA/IgG ratio

DTPA/IgG conjugation rate

1.4

2.6

2.9

3.9



Data

		Stanovené hodnoty stupně konjugace pro různé hodnoty konjugačního poměru ligand/protilátkaa různé hmotnostní koncentrace ligandu (pH = 7,3 a 8,5).

		BIgG pH = 8,5

		konc. [mg/ml]				10 [mg/ml]		5 [mg/ml]		1 [mg/ml]

		konjugační poměr		15		6.1		2.9		0.5

				40		10.7		5.5		0.9

				105		12.8		6.1		1.1

				125		14.4		8.3		1.4

				250		15.6		9.8		1.5

		HIgG pH = 8,5

		konc. [mg/ml]				10 [mg/ml] pH = 8,5		5 [mg/ml] pH = 8,5		1 [mg/ml] pH = 8,5				10 [mg/ml] pH = 7,3		5 [mg/ml] pH = 7,3		1 [mg/ml] pH = 7,3

		konjugační poměr		15		5.9		2.8		0.5		15		4.7		2.2		0.4

				40		10.1		5.3		0.9		40		8.1		4.2		0.7

				105		13.1		5.9		1.1		105		10.5		4.7		0.8

				125		14.1		8		1.3		125		11.3		6.4		1.1

				250		14.8		9.4		1.4		250		11.9		7.6		1.2

		HIgG pH =7,3

		konc. [mg/ml]				10		5		1

		konjugační poměr		15		4.7		2.2		0.4

				40		8.1		4.2		0.7

				105		10.5		4.7		0.8

				125		11.3		6.4		1.1

				250		11.9		7.6		1.2

		CD20 pH = 8,5

		konc. [mg/ml]				2,5 [mg/ml]

		konjugační poměr		15		1.4

				40		2.6

				105		2.9

				125		3.9





Data

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0
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List2
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10 [mg/ml] pH = 8,5

5 [mg/ml] pH = 8,5

1 [mg/ml] pH = 8,5

Konjugační poměr cDTPAA/IgG

Stupeň konjugace DTPA/IgG
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Graf1

		12		12		12		12

		24		24		24		24

		36		36		36		36

		48		48		48		48

		60		60		60		60

		72		72		72		72

		84		84		84		84

		96		96		96		96

		108		108		108		108

		120		120		120		120



Minimální specifická radioaktivita pro radioterapii

Sk = 1

Sk = 5

Sk = 10

Sk = 15

Doba ozařování [hod]

Specifická radioaktivita [GBq/mol]

Závislost dosažitelné specifické radioaktivity 177Lu vázaného na Human IgG v závislosti na době ozařování a stupni konjugace. 
Ozařován terč  LuCl3 obohacený nuklidem 176Lu na 64,3% na reaktoru LVR-15 v kanále H5
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Graf-5-Biometals-3
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Minimal required specific radioactivity for radiotherapy

CR = 1

CR = 5

CR = 10

CR = 15

Time of the irradiation [hours]

Specific radioactivity [GBq/mol]
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223068291.309805
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List1

		

		LuCl3 neobohaceny 0,026 9e13

		Průběžné hodnoty  čas[hod.]		Specifická radioaktivita [GBq/mol]		1		5		10		15

		0		0.0E+00		0.0E+00		0.0E+00		0.0E+00		0.0E+00

		12		3.1E+06		3.1E+06		1.6E+07		3.1E+07		4.7E+07

		24		6.0E+06		6.0E+06		3.0E+07		6.0E+07		9.1E+07

		36		8.8E+06		8.8E+06		4.4E+07		8.8E+07		1.3E+08

		48		1.1E+07		1.1E+07		5.7E+07		1.1E+08		1.7E+08

		60		1.4E+07		1.4E+07		6.9E+07		1.4E+08		2.1E+08

		72		1.6E+07		1.6E+07		8.1E+07		1.6E+08		2.4E+08

		84		1.8E+07		1.8E+07		9.2E+07		1.8E+08		2.7E+08

		96		2.0E+07		2.0E+07		1.0E+08		2.0E+08		3.1E+08

		108		2.2E+07		2.2E+07		1.1E+08		2.2E+08		3.3E+08

		120		2.4E+07		2.4E+07		1.2E+08		2.4E+08		3.6E+08






_1330699689.xls
G_BIgG

		15		15		15

		40		40		40

		105		105		105

		125		125		125

		250		250		250



10 mg/ml

5mg/ml

1 mg/ml

Konjugační poměr cDTPAA / IgG  [mol/mol]

Stupeň konjugace DTPA / IgG [mol/mol]

Závislost stupně konjugace Bovine IgG na molárním poměru cDTPAA / IgG

6.1

2.9

0.5

10.65

5.5

0.9

12.75

6.1

1.1

14.4

8.34

1.4

15.6

9.84

1.5



G_CD20

		15

		40

		105

		125



Koncentrace CD20  2,5 mg/ml

Konjugační poměr cDTPAA / CD20  [mol/mol]

Stupeň konjugace DTPA / CD20  [mol/mol]

Závislost stupně konjugace MoAb CD20 na molárním poměru cDTPAA /  CD20

1.36

2.56

2.88

3.896



G_HIgG

		15		15		15		4.6848		2.2272		0.384

		40		40		40		8.094		4.224		0.6912

		105		105		105		10.506		4.6848		0.8448

		125		125		125		11.2896		6.40512		1.0752

		250		250		250		11.856		7.55712		1.152



10 mg/ml pH = 8,5

5 mg/ml pH = 8,5

1 mg/ml pH = 8,5

10 mg/ml pH = 7,3

5 mg/ml pH = 7,3

1 mg/ml pH = 7,3

Konjugační poměr cDTPAA / IgG  [mol/mol]

Stupeň konjugace DTPA / IgG [mol/mol]

Závislost stupně konjugace Human  IgG na molárním poměru cDTPAA / IgG

5.856

2.784

0.48

10.1175

5.28

0.864

13.1325

5.856

1.056

14.112

8.0064

1.344

14.82

9.4464

1.44



G regrese
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Koncentrace 10 mg / ml

Koncentrace 5 mg / ml

Koncentrace 1 mg / ml

Koncentrace  10 mg/ml

Koncentrace 5 mg/ml

Koncentrace 1 mg/ml

Konjugační poměr cDTPAA / IgG [mol/mol]

Stupeň konjugace [mol/mol]

Regresní vyrovnání závislosti stupně konjugace na konjugačním poměru cDTPAA/IgG při třech koncentracích IgG,  pH = 8,5

0

0

0

4.5

2.52

0.4005

7.2

4.032

0.6408

9.2

5.152

0.8188

10.3

5.768

0.9167

11.1

6.216

0.9879

11.5

6.44

1.0235

11.9

6.664

1.0591

12.3

6.888

1.0947

12.7

7.112

1.1303

13

7.28

1.157

13.4

7.504

1.1926

13.75

7.7

1.22375

14.1

7.896

1.2549

14.4

8.064

1.2816

14.6

8.176

1.2994



graf-4-regrese-Biometals
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10 [mg.mL-1]

5 [mg.mL-1]

1 [mg.mL-1]

cDTPAA/IgG ratio

cDTPAA/IgG conjugation rate
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Regrese

		Konjugační poměr /		10 mg/ml		5 mg/ml		1 mg/ml

				Stupeň konjugace		Stupeň konjugace		Stupeň konjugace

		0		0		0		0

		10		4.5		2.52		0.4005

		20		7.2		4.032		0.6408

		30		9.2		5.152		0.8188

		40		10.3		5.768		0.9167

		50		11.1		6.216		0.9879

		60		11.5		6.44		1.0235

		70		11.9		6.664		1.0591

		80		12.3		6.888		1.0947

		90		12.7		7.112		1.1303

		100		13		7.28		1.157

		110		13.4		7.504		1.1926

		120		13.75		7.7		1.22375

		130		14.1		7.896		1.2549

		140		14.4		8.064		1.2816

		150		14.6		8.176		1.2994





Biometal

		

		Bovine IgG pH = 8,5

		Koncentrace mg/ml		10		5		1

		Konjugační poměr		Stupeň konjugace		Stupeň konjugace		Stupeň konjugace

		15		6.1		2.9		0.5						0.0819672131

		40		10.7		5.5		0.9						0.0845070423

		105		12.8		6.1		1.1						0.0862745098

		125		14.4		8.3		1.4						0.0972222222

		250		15.6		9.8		1.5						0.0961538462

														0.0892249667

		Human IgG pH = 8,5

		Koncentrace mg/ml		10		5		1

		Konjugační poměr		Stupeň konjugace		Stupeň konjugace		Stupeň konjugace

		15		5.9		2.8		0.5				0.96

		40		10.1		5.3		0.9				1.0

		105		13.1		5.9		1.1				1.0

		125		14.1		8.0		1.3				1.0

		250		14.8		9.4		1.4				1.0

		Human IgG pH = 7,3

		Koncentrace mg/ml		10.0		5.0		1.0

		Konjugační poměr		Stupeň konjugace		Stupeň konjugace		Stupeň konjugace

		15		4.7		2.2		0.4

		40		8.1		4.2		0.7

		105		10.5		4.7		0.8

		125		11.3		6.4		1.1

		250		11.9		7.6		1.2

		MoAb CD20 pH=8,5

		Koncentrace mg/ml		2.5

		Konjugační poměr		Stupeň konjugace

		15		1.4

		40		2.6

		105		2.9

		125		3.9





G regrese (2)
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Koncentrace 10 mg / ml

Koncentrace 5 mg / ml

Koncentrace 1 mg / ml

Koncentrace  10 mg/ml

Koncentrace 5 mg/ml

Koncentrace 1 mg/ml

Konjugační poměr cDTPAA / IgG [mol/mol]

Stupeň konjugace [mol/mol]

Regresní vyrovnání závislosti stupně konjugace na konjugačním poměru cDTPAA/IgG při třech koncentracích IgG,  pH = 8,5

0
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0.6408
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0.8188
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0.9167
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6.216

0.9879
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6.44

1.0235
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6.664

1.0591
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6.888

1.0947
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7.112

1.1303
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7.28
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7.504

1.1926
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1.22375

14.1

7.896

1.2549

14.4
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1.2816
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1.2994
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Graf1-BIgG pH 8,5
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10 [mg.mL-1]

5 [mg.mL-1]

1 [mg.mL-1]

cDTPAA/IgG conjugation ratio

DTPA/IgG conjugation degree
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Graf2-HIgG pH 8,5 a 7,3

		15		15		15		4.7		2.2		0.4

		40		40		40		8.1		4.2		0.7

		105		105		105		10.5		4.7		0.8

		125		125		125		11.3		6.4		1.1

		250		250		250		11.9		7.6		1.2



10 [mg.mL-1] pH 8.5

5 [mg.mL-1] pH 8.5

1 [mg.mL-1] pH 8.5

10 [mg.mL-1] pH 7.3

5 [mg.mL-1] pH 7.3

1 [mg.mL-1] pH 7.3

cDTPAA/IgG conjugation ratio

DTPA/IgG conjugation rate
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Graf3-CD20 pH 8,5
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2,5 [mg/ml]

Konjugační poměr cDTPAA/IgG

Stupeň konjugace DTPA/IgG

1.4
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Data

		Stanovené hodnoty stupně konjugace pro různé hodnoty konjugačního poměru ligand/protilátkaa různé hmotnostní koncentrace ligandu (pH = 7,3 a 8,5).

		BIgG pH = 8,5

		konc. [mg/ml]				10 [mg/ml]		5 [mg/ml]		1 [mg/ml]

		konjugační poměr		15		6.1		2.9		0.5

				40		10.7		5.5		0.9

				105		12.8		6.1		1.1

				125		14.4		8.3		1.4

				250		15.6		9.8		1.5

		HIgG pH = 8,5

		konc. [mg/ml]				10 [mg/ml] pH = 8,5		5 [mg/ml] pH = 8,5		1 [mg/ml] pH = 8,5				10 [mg/ml] pH = 7,3		5 [mg/ml] pH = 7,3		1 [mg/ml] pH = 7,3

		konjugační poměr		15		5.9		2.8		0.5		15		4.7		2.2		0.4

				40		10.1		5.3		0.9		40		8.1		4.2		0.7

				105		13.1		5.9		1.1		105		10.5		4.7		0.8

				125		14.1		8		1.3		125		11.3		6.4		1.1

				250		14.8		9.4		1.4		250		11.9		7.6		1.2

		HIgG pH =7,3

		konc. [mg/ml]				10		5		1

		konjugační poměr		15		4.7		2.2		0.4

				40		8.1		4.2		0.7

				105		10.5		4.7		0.8

				125		11.3		6.4		1.1

				250		11.9		7.6		1.2

		CD20 pH = 8,5

		konc. [mg/ml]				2,5 [mg/ml]

		konjugační poměr		15		1.4

				40		2.6

				105		2.9

				125		3.9
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10 [mg/ml] pH = 8,5

5 [mg/ml] pH = 8,5

1 [mg/ml] pH = 8,5

Konjugační poměr cDTPAA/IgG

Stupeň konjugace DTPA/IgG
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