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Summary 

A lyophilised preparation of recombinant soluble transferrin receptor (rsTfR) in a serum 
transferrin receptor (sTfR)-depleted serum matrix was evaluated for its suitability to serve as a 
WHO Reference Reagent (original intended status was International Standard) to standardise 
immunoassays for sTfR, in an international collaborative study.   
 

Introduction 
Cellular uptake of iron bound to the iron carrier protein transferrin (Tf) is mediated by a specific 
membrane receptor called the transferrin receptor (TfR; reviewed in references [1-3]).  The TfR 
is a mostly extracellular, transmembrane type II glycoprotein consisting of 2 identical 
polypeptides with a combined molecular weight of 180 kilodaltons.  A truncated, soluble form of 
the receptor is present in serum [4], formed as a result of protease action (Figure 1).  The sTfR 
circulates as a complex with transferrin which is present at approximately 250 times the 
concentration of the receptor in molar terms. 
 
TfR density is upregulated when there is increased erythropoeisis and in iron deficiency.  
Consequently, as the sTfR concentration correlates with the total TfR content, a raised sTfR 
concentration is a marker of iron deficiency, but only when the tissue iron stores have been 
exhausted, in the absence of other causes of abnormal erythropoeisis.  The ratio of sTfR 
concentration to (log) ferritin concentration (the TfR-Index; both variables determined by 
immunoassay) thus displays an inverse linear relationship to iron status over the full range of 
iron status from normal iron stores to significant functional iron deficiency.  Serum ferritin alone 
is not reliable where infectious diseases are prevalent as inflammation results in raised levels.  
The joint WHO/CDC Technical Consultation on Assessment of Iron Status at Population level 
(Geneva, April 6-8, 2004) [5] concluded that measurement of both serum ferritin and the serum 
transferrin receptor (sTfR) provides the best approach for estimating the iron status of 
populations as proposed below:  
 

Percentage of serum ferritin 

values below threshold
a 

Percentage of transferrin 

receptor values above
b
 

threshold 

Interpretation 

<20%c <10% Iron deficiency is not 
prevalent 

<20%c 
≥10% Iron deficiency is prevalent; 

inflammation is prevalent 

≥20%d 
≥10% Iron deficiency is prevalent 

≥20%
d 

<10% Iron depletion is prevalent 
aWHO thresholds; bmanufacturers’ thresholds until IS is available; c<30% for pregnant women; d≥30% for pregnant 

women 

 
However, the usefulness of the TfR-Index is currently limited by the lack of standardisation of 
sTfR immunoassays, and the above interpretation awaits validation in population surveys [5]. 
  
An urgent need for an international reference material to standardise sTfR assays was identified 
amongst the priorities for research [5] (there is already an International Standard for ferritin), and 
the WHO subsequently commissioned the production of a standard for the sTfR, with support 
from the Global Alliance for Improved Nutrition (GAIN).  The project is a collaboration between 
Professor Mark Worwood, Professor James Cook and Dr Susan Thorpe.  The WHO mediator 
was Dr Bruno de Benoist, the Senior Advisor on Micronutrients.  There are several commercial 
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immunoassay kits available for measuring sTfR, although their application is “limited by high 
cost of commercial assays and lack of an international standard” [6], as noted above.  The 
reference ranges of these commercial kits not only vary, but are even expressed in different units 
– both mg/L and nmol/L are used.  The reference materials used by the manufacturers to 
calibrate their kits consist of TfR isolated from human placenta, or free sTfR, or sTfR complexed 
with transferrin (the form in which sTfR circulates). 
 
Due to the difficulties in purifying sufficient quantities of sTfR for use as a WHO Reference 
Reagent, it was decided to evaluate a recombinant soluble transferrin receptor (rsTfR) [7] to 
determine its suitability for this use.  The rsTfR is just a few amino acids shorter than circulating 
serum TfR (Figure 1): the choice of the N-terminal start site for rsTfR had been based on studies 
of a previously characterised soluble fragment produced by trypsin digestion of placental TfR 
[8].  In common with sTfR, the trypsin fragment and rsTfR lack two interchain disulfides 
involving Cys-89 and Cys-98, but have been reported to form a stable dimer binding 2 molecules 
of transferrin [7, 9].  A trial collaborative study was conducted in 2007 in which manufacturers 
were invited to assay lyophilised rsTfR preparations.  Pure rsTfR was diluted in 2 matrices to 
give a final concentration of ~50 mg/L (~640 nmol/L based on a MW of 78,000 kDa) in each 
matrix, and lyophilised in ampoules.  The matrices were sTfR-depleted serum (but still 
containing transferrin for complexing with rsTfR), and 5% human albumin solution (HAS; so the 
rsTfR would be in free form).  There were differences in the immunoreactivity of free and 
complexed rsTfR, but the differences were not consistent i.e., some kits measured more rsTfR in 
the serum matrix, other kits measured more rsTfR in the HAS matrix.  As sTfR in serum is 
normally complexed with transferrin, an rsTfR standard diluted and lyophilised in sTfR-depleted 
serum (resulting in complex formation) seemed to be a more appropriate choice for the definitive 
fill than the use of rsTfR lyophilised in HAS, as possible matrix effects would be eliminated.  
The rsTfR preparations showed acceptable parallelism overall to the manufacturers’ standards 
and to the serum samples included in the study, where dilutions of these were tested.  Although 
the laboratories’ estimates of the rsTfR content were not all directly comparable as results were 
returned in mg/L and nmol/L, there was poor agreement even between kits expressing 
concentrations in the same mg/L units.  However, the relationship between values obtained for 
the rsTfR and values obtained for each of 3 serum samples included in the study was similar 
between the different assay methods, suggesting that inter-method agreement would be improved 
by use of a common rsTfR standard.  At a meeting convened at NIBSC with the manufacturers 
in October 2007, following the trial, it was agreed that the rsTfR was potentially suitable as a 
standard provided it could be characterised, had acceptable purity, was stable after lyophilisation, 
and showed parallel dose response curves in all commercially available assays.   
 
A larger, definitive fill of rsTfR in a sTfR-depleted serum matrix was therefore carried out in 
2008 and subjected to another international collaborative study. 

 

Materials and methods 

Recombinant soluble transferrin receptor (rsTfR) 

Expression and characterisation  
rsTfR was prepared from the portion of the human TfR gene encoding residues 121-760 (the C-
terminal amino acid of wild-type TfR) by Caltech (CA, USA).  The choice of the N-terminal 
start site for rsTfR had been based on studies of a previously characterised soluble fragment 
produced by trypsin digestion of placental TfR [8].  Mass spectrometry of rsTfR revealed a 
major peak of 78,336 Da.  A single band was present following sodium dodecyl sulphate (SDS)– 
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polyacrylamide gel electrophoresis (PAGE) of rsTfR (Figure 2).  Analysis of peptides cleaved 
from an SDS-PAGE-derived rsTfR spot using MALDI-TOF confirmed mass identity with 
equivalent theoretical peptides from published TfR sequence data [10, 11].  The rsTfR was 
shown to be glycosylated by a mobility shift of approximately 7,000 Da upon SDS-PAGE of 
rsTfR treated with PNGase F to remove N-linked glycans compared to untreated rsTfR. 
 

Lyophilisation in ampoules   
The concentration of rsTfR was determined from the A280nm and using the adjusted theoretical 
extinction coefficient and molecular weight calculated from its published sequence [7, 10, 11; 
molecular weight = 71,725; extinction coefficient = 93,790; 1 mg/mL solution therefore has an 
absorbance of 1.308].  The rsTfR was diluted to 21.74 mg/L in transferrin receptor-depleted 
human serum that had been tested and found negative for anti-HIV I and II, HBsAg and anti-
HCV (SCIPAC, Sittingbourne, Kent, UK; Appendix 1; sTfR was not detected in the depleted 
serum in immunoassays performed by Dade Behring), dispensed in glass ampoules at 4oC (~0.5 
mL/ampoule), and lyophilised.  The material was coded 07/202.  The mean weight of the 
dispensed solution in 82 ampoules was 0.5062 g.  The imprecision of the filling (CV) was 0.24%, 
the oxygen head space was 0.97%, and the residual moisture was 0.54%, well within the target 
of <1%.  The ampoules were stored in the dark at -20

o
C, except for a small number that were 

stored at temperatures ranging from -70
o
C to +45

o
C for accelerated degradation studies.  No loss 

of activity was detected following lyophilisation.  The number of ampoules filled was ~2000.  
 
Full details of the characterisation of rsTfR, the fill, and the Certificate of Analysis of the sTfR-
depleted serum matrix are located in the relevant Reference Material Design Dossier at NIBSC. 

 

Participants 
Seven laboratories located in Europe and the USA participated in the collaborative study.  The 
laboratories consisted of six manufacturers (of the kits below) and a health protection laboratory.  
Each laboratory is referred to in this report by an arbitrarily assigned number, not necessarily 
representing the order of listing in Appendix 2.  
 

Assay methods 
Commercial assay kits from Beckman Coulter, Inc., Dade Behring Marburg GmbH, Orion 
Diagnostica, R&D Systems, Ramco and Roche were represented.  
 

Collaborative study design 
Each participant was sent 4 ampoules of the rsTfR preparation 07/202 along with 3 ampoules of 
each of 3 serum samples (S1-3).  Participants were requested to assay one ampoule of 07/202 on 
the first day, using their usual set of standards, to establish the range of doses giving responses 
falling within the linear range of their assay.  Participants were requested to subsequently 
reconstitute and assay one ampoule of each of 07/202 and serum samples S1, S2 and S3 
concurrently on each of 3 days, by assaying 2 independent dilution series of each of the 
preparations in 2 separate assays each day, and including 2 independent dilution series of their 
standard if applicable.  Participants were requested to return raw data to NIBSC on results sheets 
provided for statistical analysis, and to additionally return a summary of their own calculated 
results for each assay.  The study protocol is shown is Appendix 3. 

 

Statistical Methods 
The assays were analysed as parallel-line assays, using the raw assay data (optical densities) as 
the response where available.  Where optical densities were not available, the calculated mg/L or 
nmol/L for the individual dilutions from replicate dilution series was taken as the response.  In  
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all cases, a log transform of the response appeared linear when plotted against the log dose 
(reciprocal dilution).  The usual analysis of variance tests of statistical validity (linearity and 
parallelism) were performed, where there was sufficient replication within individual assays.  
 
Parallelism was also assessed by expressing the slopes of the dose-response of the local standard 
and the serum samples as a ratio of that of the candidate Reference Reagent, and comparing the 
ratios to the expected value of 1.0 (for parallel dose-responses) across assays. 
 
The potencies of the serum samples were expressed relative to the candidate Reference Reagent 
07/202, giving the sTfR content of each serum sample as a percentage of that of the candidate 
Reference Reagent.  This percentage is independent of the units (mg/L or nmol/L) of the 
individual assay results.  An equivalent percentage was also calculated directly from the 
summary results provided by the participating laboratories.  Overall relative potency estimates 
for individual laboratories were calculated as geometric means, and reproducibility within 
laboratories was assessed by calculating the percentage geometric coefficient of variation (GCV) 
across assays.  For each sample, an overall mean across laboratories was calculated as the 
geometric mean of the individual laboratory means, and the reproducibility across laboratories 
was assessed by calculating the GCV across laboratories. 
 
The overall calculated sTfR contents in mg/L or nmol/L provided by the participating 
laboratories were used to summarise results.  These appeared to be based on arithmetic means. 

 

Results 

Data Received 
Data were received from seven participating laboratories.  Throughout this report, laboratories 
are referred to by a code number, allocated at random, and not representing the order of listing of 
laboratories in the Appendix. 
 
Laboratory 1 returned raw assay data as optical densities (OD) in addition to calculated results 
for the dilution series.  Results were expressed as µg/mL.  Six assays with replicate dilution 
series were performed, as requested.  Dilution series of the serum samples S1, S2 and S3 were 
included. 
 
Laboratory 2 returned calculated results in mg/L for two replicate dilution series for each of the 
three days.  The serum samples were tested at a single dilution (neat). 
 
Laboratory 3 returned calculated results in mg/L.  No data from a local standard were returned.   
 
There was limited replication, and limited dilution series for the serum samples, for assays on 
three separate days.  There was an additional single dilution result for 07/202 from a preliminary 
test, but this was not consistent with the other assays, and was not included in the analysis. 
 
Laboratory 4 returned calculated results as nmol/L.  Two assays on each of three days, with 
replicate dilution series, were performed as requested.  Dilution series of the serum samples were 
included.  No data from a local standard were returned.  
 
Laboratory 5 returned calculated results as mg/L, for two replicate dilution series for each of the 
three days.  The serum samples were tested at a single dilution (neat).  
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Laboratory 6 returned raw assay data as optical densities (OD) in addition to calculated results 
for the dilution series.  Results were expressed as nmol/L.  Six assays with replicate dilution 
series were performed, as requested.  Dilution series of the serum samples S1, S2 and S3 were 
included. 
 
Laboratory 7 returned calculated results as mg/L, for two replicate dilution series for each of the 
three days.  The serum samples were tested at a single dilution (neat).  
 

Linearity and parallelism of dose-responses 
Inspection of the plotted assay data (log response against log dose) indicated good quality assays 
in all cases, with no visual evidence of problems with linearity or, where dilution series of the 
serum samples had been included, parallelism.  The agreement between replicate dilutions was 
very close within the individual assays/days.  As a result, the usual analysis of variance tests 
gave some indication of non-linearity or non-parallelism in some assays.  This is something that 
is frequently experienced where assays are highly precise, with very close agreement between 
replicates.   
 
For laboratories 1, 4 and 6, which included dilution series of the serum samples S1, S2 and S3, a 
further comparison of the parallelism of the candidate Reference Reagent to the serum samples 
was performed, by directly comparing slopes of dose-response lines.  The calculated slopes 
generally varied by less than 10%.  In 5 of the 9 possible comparisons (07/202 to 3 serum 
samples, for 3 laboratories) the differences were significant (p<0.01).  However there was no 
consistent pattern, and the instances of a ‘significant’ difference did not relate to the size of the 
apparent difference in slopes, and in the case of the largest observed difference, it was not 
significant.  A similar analysis of the parallelism of the serum samples to each other indicated a 
similar range of slopes, with variations less than 10%, and 2 of the 9 possible comparisons were 
significant (p<0.01).  For laboratories 1, 2, 5, 6 and 7, which included data on their local standard, 
a similar analysis of slopes was performed to assess the parallelism of the candidate Reference 
Reagent with the local standards.  A similar level of differences in slope was observed, with 
differences generally less than 10%, and 3 of the 5 comparisons being significant (p<0.01). 
 
In summary, it appears that any lack of parallelism between the candidate Reference Reagent 
07/202 and the serum samples is of the same order as that between the different serum samples 
themselves, and also of the same order as differences between local standards and the candidate 
IS.  With highly precise assay systems it is possible to detect small difference in slopes as being 
significant, even if there is little practical effect on the use of the standard. 
 

Estimated sTfR content 
The laboratory mean estimates of (r)sTfR for the candidate Reference Reagent 07/202 and the 
three serum samples are shown in Table 1.  Five laboratories provided estimates in µg/mL or 
mg/L, while two provided estimates in nmol/L.  The results are therefore not directly comparable 
across laboratories.  The two laboratories that estimated nmol/L using different commercial kits 
are in good agreement, as are the two laboratories that estimated mg/L using the same 
commercial kit.  However, for the five laboratories that estimated mg/L, using four different 
commercial kits, there are differences of 4-fold or 5-fold between the laboratory with the lowest 
estimates (7) and the laboratory with the highest estimates (1).  There was some improvement in 
inter-laboratory variability when the mg/L values for 07/202 were converted to nmol/L using 
supplied or estimated molecular weight values for the assay standards (Table 2), although the 
degree of improvement depended on which molecular weight value was used in one of the assay 
methods. 
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The rsTfR preparation was filled at 21.74 mg/L based on the theoretical extinction coefficient 
and theoretical molecular weight of 71,725.  This is equivalent to 303 nmol/L (using the same 
molecular weight value).  This value is extremely close to the nmol/L values estimated by 
laboratories 4 and 6. 

 

sTfR content of serum samples S1-3 relative to 07/202 
The sTfR content of the serum samples was expressed relative to that of the candidate Reference 
Reagent 07/202, as a percentage, using both parallel line analysis, and the results calculated by 
the individual laboratories.  The relative percentages are shown in Tables 3a and 3b for the 
parallel-line estimates and laboratory calculations, respectively.  The overall geometric mean 
across laboratories, and the between laboratory GCVs are also shown. 
 
The results from the parallel line analysis are consistent with those calculated directly from the 
results provided by the laboratories.  Compared to the differences between laboratories noted 
above (Table 1) the expression of the sTfR content of the serum samples relative to a common 
standard has improved agreement between laboratories markedly.  The GCV between 
laboratories is of the order of 15% – 20% for the serum samples. 
 

Repeatability within laboratories 
The repeatability between assays within laboratories was assessed by calculating the CV 
(laboratory summary results) or GCV (estimates relative to 07/202).  They are shown in Tables 
4a and 4b respectively.  Only figures for the parallel line determination of relative sTfR content 
(% of 07/202) are shown.  The equivalent figures based on the laboratory calculations were very 
similar. 
 
The repeatability within laboratories was generally very good, with the majority of CVs or GCVs 
being below 5%.  The results from laboratory 6 are a little more variable, with CVs or GCVs of 
10% or a little more. 
 

Stability 
Accelerated degradation studies were carried out on the candidate Reference Reagent 07/202 and 
also on an earlier trial fill material coded PM-06-011 which had been subjected to elevated 
temperatures for a longer period of time.  Potencies were expressed as a percentage of the sample 
stored at -70˚C. 
 
Trial fill material, PM-06-011:  The R&D systems kit was used to assay samples that had been 
stored at elevated temperatures for 27 months. 

 
Temp oC R&D kit 

-20 94.9 

+4 96.6 

+20 91.1 

+37 81.2 

+45 62.8 
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Candidate Reference Reagent, 07/202:  Two different assay kits were used (Ramco and R&D), 
giving two independent assays from the pooled contents of 2 ampoules from each temperature.  
Samples had been stored for 15 months at elevated temperatures. 
 

Temp oC Ramco kit R&D kit 

-20 102.7 102.7 

+4 97.3 96.8 

+20 78.8 85.7 

+37 79.9 90.3 

+45 70.8 88.0 

 
The estimated % losses per year and per month were calculated from the Arrhenius model, for 
each method separately, and, for the candidate Reference Reagent, the two methods combined.  
However, the combined data and the data from the Ramco kit for the candidate IS did not give a 
good fit to the Arrhenius model and should therefore be treated with caution. 
 
The combined method estimated % loss per year at -20oC for the candidate Reference Reagent 
was around 2%.  However, this estimate is based on very limited data that did not give a good fit 
to the Arrhenius model, and the standard error of the estimate is of the same magnitude as the 
estimate itself.  In contrast, the estimated % loss per year for the trial fill material is 0.05%, 
which represents very good stability.  This estimate is also based on limited data, but the samples 
had been stored for well over 2 years, so the estimate should be more reliable as to the long term 
stability of rsTfR. 
 
Candidate Reference Reagent 07/202: 
 

% loss per year % loss per month 
Temp oC 

Ramco R&D Combined Ramco R&D Combined 

-20 2.09 2.26 2.15    

+4 6.07 4.42 5.59 0.52 0.38 0.48 

+20    0.97 0.56 0.84 

+37    1.75 0.81 1.42 

 
Trial fill PM-06-011: 
 

Temp 
o
C % loss per year % loss per month 

-20 0.05  

+4 0.61 0.05 

+20  0.22 

+37  0.91 

 
The data available for stability assessment is limited.  The material is not highly unstable, but 
reliable predictions of expected degradation are not possible until further degradation has taken 
place at the elevated temperatures.  Further studies will take place when the samples have been at 
high temperatures for a longer period (2010).  
 

Instructions for Use 
The draft Instructions for Use to accompany this reference material are provided after the 
Appendices. 
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Participant feedback 
Of the 7 laboratories participating in the collaborative study, 3 (2 manufacturers and the health 
protection laboratory) agreed with the recommendation that 07/202 be established as an IS with 
an assigned value of 21.7 mg/L and 303 nmol/L, when reconstituted with 0.5 mL distilled or 
deionised water.  Two manufacturers suggested that additional ring trials with >100 serum 
samples should be performed; feedback is still awaited from 2 other manufacturers. 
 

Discussion 
This study confirms that current methods for the assay of sTfR use a variety of TfR standards 
calibrated in different units, and that there is poor agreement between current assay methods, 
even amongst those using the same mg/L units of measurement. 
 
The usefulness of sTfR as a widely used clinical parameter and a marker of iron deficiency in 
population surveys is currently limited by the lack of standardisation of sTfR immunoassays.  
 
Indeed, the full extent of its usefulness awaits validation.  Because of these limitations, 
manufacturers of sTfR kits were targeted in the collaborative study.  Also, because of the 
relatively limited clinical uptake of the sTfR assay combined with its expense, and our plan to 
assign a value based on actual rsTfR protein content rather than a consensus mean value, it was 
not considered necessary to involve additional laboratories in the study, as there would be no 
‘added value’.   
 
The rsTfR preparation 07/202 demonstrated acceptable overall parallelism to the manufacturers’ 
in-house standards and to 3 serum samples included in the study.  The inclusion of these serum 
samples indicated that the use of rsTfR preparation 07/202 as a Reference Reagent would 
significantly reduce inter-method variability if manufacturers would adopt it.  However, to do so 
would clearly necessitate complete recalibration of some of the kits currently available, and 
redefine reference ranges, which would not be an attractive option to the manufacturers 
concerned.  At the meeting at NIBSC in 2007, there was clearly some reluctance to change 
current reference ranges, despite acknowledgement that the rsTfR was potentially suitable as an 
IS.   
 
Performing additional ring trials with >100 serum samples as suggested by 2 of the 
manufacturers would not change the proposed value assignment, which is based upon the rsTfR 
protein content, and delaying establishment of the Reference Reagent would only encourage 
manufacturers to delay addressing the challenges of recalibration.  Also, to have a Reference 
Reagent in place would assist additional manufacturers entering the sTfR assay market. 
 
Stability data on 07/202 is currently limited as ~50% degradation at the higher temperatures is 
necessary to provide data that gives a good fit to the Arrhenius model.  Stability assays will 
therefore be repeated after a longer period at the elevated temperatures. 
  

Proposal 
It is proposed that rsTfR preparation 07/202, is established as a WHO Reference Reagent with 
assigned values of 21.7 mg/L and 303 nmol/L (when reconstituted with 0.50 mL distilled or 
deionised water).  These values apply to free rsTfR monomer.  The Reference Reagent is 
intended to be used to standardise immunoassays for sTfR. 
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Implementation plan 
• Manufacturers will be informed about the availability of the Reference Reagent directly and 

through publication of the report in an international scientific journal.  

• Representatives of the International Federation of Clinical Chemistry and Laboratory 
Medicine (IFCC) Committee for Plasma Proteins will be informed about the availability of 
the Reference Reagent. 

• The issue of sTfR assays will be raised at the next meeting of the UKNEQAS for 
Haematinics in September (Dr S Thorpe is a member of the Scientific Advisory Group).  
NEQAS helps to ensure clinical laboratory test results are accurate, reliable and comparable.  
It would encourage use of appropriately standardised assays if NEQAS could monitor assays 
for sTfR in the same way they do for ferritin and folate etc., as this identifies laboratories 
using outlying methods.  Although this is only UK-based, NEQAS has influence over both 
laboratories participating in the scheme and manufacturers.   

• WHO are in a strong position to encourage or insist upon the use of appropriately 
standardised kits when they carry out population surveys of iron status. 
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Table 1 

 

Laboratory mean estimate of (r)sTfR content for the candidate Reference Reagent 07/202 

and the three serum samples S1-3 
 
 

Lab 07/202 S1 S2 S3 Units 

1 102.2 3.77 7.27 12.63 

2 33.5 1.35 1.92 4.09 

3 60.5 1.90 3.53 7.53 

5 60.9 1.99 3.94 8.17 

7 17.9 0.86 1.61 2.96 

mg/L 

4 318.1 13.25 27.1 49.87 

6 336.0 16.57 29.0 52.72 
nmol/L 
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Table 2 

 

Laboratory mean estimate of rsTfR content in nmol/L for the candidate Reference Reagent 

07/202 
 

Lab Method 
Mean 

conc
n
 

Standard 

MW supplied 

by 

manufacturer 

Conversion to 

nmol/L 

Converted 

conc
n
 

nmol/L 

Using 
manufacturers 
conversion to 

R&Da 

396.8 

1 Ramco 
102.2 
mg/L 

Free placental 
form 

190 kDa 

Using 
manufacturers 

MW value 
537.9 

2 Orion 
33.5 
mg/L 

Bound sTfR 
(standardised 
against R&D) 

- 

Using 
manufacturers 
conversion to 

R&Db 

453.9 

Using MW of 
235 kDa 

257.4 

Using mg/L x 
8.5 = nmol/Le 514.3 3 Roche 

60.5 
mg/L 

Bound sTfR 
235c kDa,  
320d kDa 

Using MW of 
320 kDa 

189.1 

Using MW of 
235 kDa 

259.1 

Using mg/L x 
8.5 = nmol/L 

517.7 5 Roche 
60.9 
mg/L 

Bound sTfR 
235 kDa,  
320 kDa 

Using MW of 
320 kDa 

190.3 

7 
Dade 

Behring 
17.9 
mg/L 

Bound sTfR 80 kDa 

Using MW of 
80 kDa 

(supplied by 
manufacturer) 

223.7 

4 
Beckman 
Coulter 

318.1 
nmol/L 

Free sTfR - - 318.1 

6 R&D 
336.0 

nmol/L 

Bound sTfR 
calibrated 

against master 
calibrator of 

free sTfR 

74 kDa - 336.0 

 
amultiply Ramco value by 3.8685 and add 1.3965 to get nmol/L 
bmultiply Orion value by 13.55 to get nmol/L (based on MW of 73.8 kDa) 
cMW value supplied after trial fill for complexed sTfR (2 x sTfR + 1 x Tf) 
dMW value supplied after definitive fill for complexed sTfR (2 x sTfR + 2 x Tf?) 
eConversion factor supplied by manufacturer (for sTfR monomer?) 
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Table 3a 
sTfR content of serum samples S1-3 as a percentage of that of the candidate Reference 

Reagent 07/202: based on parallel line analysis at NIBSC 

 

 

Lab S1 S2 S3 

1 3.57 6.76 11.86 

2 4.09 5.77 12.16 

3 3.46 6.44 13.29 

4 3.14 6.95 13.64 

5 3.40 6.66 13.65 

6 4.94 8.45 15.16 

7 4.74 9.03 16.78 

    

Overall 3.85 7.07 13.70 

Between Lab %GCV 19.1 17.0 12.8 

 

 

 

 

Table 3b 

 

sTfR content of serum samples S1-3 as a percentage of that of 07/202: based on 

laboratories’ own calculations 

 

 

Lab S1 S2 S3 

1 3.68 7.11 12.35 

2 4.04 5.72 12.20 

3 3.14 5.83 12.45 

4 4.17 8.52 15.68 

5 3.27 6.47 13.41 

6 4.88 8.59 15.63 

7 4.81 9.00 16.58 

    

Overall 3.95 7.21 13.94 

Between Lab %GCV 18.9 21.0 14.0 
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Table 4a 

 

Between assay repeatability of laboratory summary results (%CV) 

 

 

Lab 07/202 S1 S2 S3 

1 2.0 3.2 3.6 4.0 

2 1.6 2.5 1.9 2.0 

3 0.9 5.3 5.9 0.8 

4 4.5 1.5 3.3 4.3 

5 1.9 3.5 1.8 1.9 

6 5.6 17.3 13.3 11.7 

7 3.2 4.4 1.9 2.4 

 

 

 

 

Table 4b 

 

Between assay repeatability (%GCV) of laboratory estimates of sTfR in serum samples S1-

3 relative to 07/202: based on parallel line analysis at NIBSC 

 
 

Lab S1 S2 S3 

1 2.2 2.7 3.6 

2 1.7 2.2 1.2 

3 7.3 4.9 1.4 

4 6.3 5.0 7.0 

5 2.0 0.4 0.5 

6 10.5 10.0 10.7 

7 4.2 3.8 2.4 
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Figure 1    Diagrammatical representation of the structures of TfR, sTfR and rsTfR 
 

 
 

   N-linked glycosylation site 

   O-linked glycosylation site 
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Figure 2    Sodium dodecyl sulphate (SDS)–polyacrylamide gel electrophoresis (PAGE) of 

rsTfR prior to dilution and lyophilisation to show purity 

 

 
 
 
The relative positions of the molecular weight markers are shown (Mr x 10

-
3). 
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Appendix 1    Certificate of analysis of sTfR-depleted serum used as 

diluent for rsTfR 
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Appendix 2   Participants of the collaborative study 
Gun-Britt Sulonen, Orion Diagnostica, Finland 
Harald Althaus, Dade Behring Marburg GmbH, A Siemens Company, Germany 
Günter Trefz, Roche Diagnostics GmbH, Germany 
Christine Pfeiffer, Centers for Disease Control and Prevention, USA 
Nikolina Babic, Beckman Coulter Inc., USA 
Samuel Pearlman, R&D Systems, USA 
Jeffrey Grubb, Ramco Laboratories Inc., USA 



WHO/BS/09.2104  

Page 20 
 

Appendix 3    

 
COLLABORATIVE STUDY TO EVALUATE RECOMBINANT SOLUBLE 

TRANSFERRIN RECEPTOR FOR ITS SUITABILITY TO SERVE AS AN 

INTERNATIONAL STANDARD (CS313) 

 

COLLABORATIVE STUDY PROTOCOL 

 

AIM  

 

To evaluate a recombinant soluble transferrin receptor (rsTfR) preparation for its suitability to 

serve as an International Standard to standardise assays for serum TfR. 

 

 MATERIALS PROVIDED 

 

4 ampoules of rsTfR lyophilised in sTfR-free serum – labelled as rsTfR, 07/202 

3 ampoules of each of serum samples 1, 2 and 3. 

 

RECONSTITUTION 

 

Do not open ampoules or reconstitute until the day of assay. 

 

Open the ampoules according to the Instructions for Use (IFU) accompanying the materials.  

Reconstitute the contents of each ampoule with 0.5 or 1.0 ml deionized or distilled water 

according to the IFU.  Vortex gently to ensure complete dissolution. 

Please take into account that these preparations contain material of human origin and 

apply all relevant safety procedures for use and subsequent disposal.  

 

ASSAY DESIGN 

 

DAY 1:  Reconstitute and assay one ampoule of 07/202 in your usual assay system and using 

your usual set of standards to establish the range of doses that give responses falling within the 

linear range of your assay.  Each ampoule of 07/202 contains 10.91 µg rsTfR; the 

concentration in the reconstituted contents (0.5 mL) is therefore 21.82 mg/L. 

 

DAY 2:  Reconstitute and assay one ampoule of each of the 4 preparations provided.  

  

Please assay 2 independent dilution series (i.e. each series of at least 4 dilutions should be 

prepared separately from the neat, reconstituted ampoule contents using your usual assay diluent; 

do not assay duplicates of a single dilution series) of each of the preparations in 2 separate assays.  

Two independent dilution series of your standard should be included on each microtitre plate 

used if applicable.  Please ensure that the dose-responses of the rsTfR preparation fall within the 
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linear range of the assay.  The sera have sTfR concentrations varying from low normal to 1.5x 

the upper limit of the normal reference range. 

 

DAY 3:  Reconstitute another ampoule of each preparation and assay as for Day 2. 

 

DAY 4:  Reconstitute the last ampoule of each preparation and assay as for Day 2. 

 

Please enter the raw data i.e. dilutions or concentrations of standard tested and responses, on the 

assay results sheet provided (p3).  There should be 6 sets of results, 2 from each of 3 days. 

Please also enter your own estimates of the rsTfR and sTfR concentrations of the study 

preparations on the summary sheet provided (p4) and provide the information requested. 

 

Return the results to:   Dr SJ Thorpe, Biotherapeutics, NIBSC, Blanche Lane, South Mimms, 

Potters Bar, Herts EN6 3QG, UK, by 28
th

 March 2008. 

Tel:  +44 (0)1707 641251; Fax:  +44 (0)1707 641057; email: sthorpe@nibsc.ac.uk 



WHO/BS/09.2104  

Page 22 
 

Collaborative Study to assess rsTfR as a candidate IS 

ASSAY RESULTS SHEET (please copy this sheet as necessary)    

DAY:                                                                ASSAY: 

Name:                                                      Laboratory: 

Date: 

Response 

Preparation 

Dilution 

(i.e. neat, ½, ¼ 

etc) or 

concentration 

of standard 

Replicate 1 Replicate 2 

Your 

standard 

 

 

 

 

 

 
 

 
 
 
 
 
 

  

07/202 

candidate 

IS 

 

 

 

 

   

Serum 

sample 1 

 

 

 

 

 

   

Serum 

sample 2 

 

 

 

 

 

   

Serum 

sample 3 
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Collaborative Study to assess rsTfR as a candidate IS 

 

Summary sheet of your own estimates of sTfR in the study preparations relative to your 

own standard 

 

 

Preparation Day sTfR concentration Mean sTfR concentration 

  Assay 1 Assay 2  

1 
  

2 
  07/202 

candidate IS 

3 
  

 

1 
  

2 
  

Serum 

sample 1 

 

3 
  

 

1 
  

2 
  

Serum 

sample 2 

 

3 
  

 

1 
  

2 
  

Serum 

sample 3 

 

3 
  

 

  
 

Source of your TfR standard: 

 

Is your standard the free receptor or is it bound to transferrin? 

 

Molecular weight of your standard: 

 

Source of TfR used to raise the antibodies used in your assay: 

 

Type of antibody (monoclonal or polyclonal): 
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