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ABSTRACT 

In order to assess compatibility between donors and recipients for organ transplantation, 

the recipient’s anti-HLA antibody profile is compared to the donor’s HLA typing. Determination 

of the recipient’s anti-HLA antibody profile is done through use of a single antigen bead assay. 

Unfortunately, false positive reactivity within the assay is one of its major limitations. While not 

as dangerous as a false negative, a false positive result can greatly reduce a recipient’s chances of 

receiving an organ. For example, a DRB4 false positive result in the MHC class II single antigen 

bead assay, a patient is considered non-compatible with 50% of the population.  

One of the primary ways false reactivity is identified is through surrogate flow cytometric 

crossmatching, where a donor expressing the antigen of interest is incubated with the recipient’s 

serum to see if a reaction occurs. While surrogate flow cytometric crossmatches are useful in 

determining the true reactivity of a recipient, finding an acceptable donor can often be difficult if 

the patient is highly sensitized. Therefore, it was hypothesized that a cell line expressing an 

MHC antigen of interest could be used in place of a surrogate donor.  

This study focused on using T2 cell lines expressing either DRB4 or 

DQA1*05:01/DQB1*02:01, two common MHC class II false positive results within the single 

antigen bead assay, as surrogate donors for a flow cytometric crossmatch. Results showed that 

the T2 cell line could be used as a surrogate donor. When compared to clinical surrogate 

crossmatches, the T2 cell line surrogate flow cytometric crossmatches showed concordance rates 

of 95% and 92% for DRB4 and DQA1*05:01/DQB1*02:01 respectively. 

In conclusion, it was determined that the T2 cell line could be used as a surrogate donor 

for ruling out false positive results in the single antigen bead assay. While further testing is still 

necessary, the success of this experiment opens the door for further investigation. It is likely that 

other MHC class II antigens could be transduced into the T2 cell line to rule out more false 

positive results, or another cell line could be used to allow MHC class I false positives to be 

ruled out. Overall, the success of this experiment shows promise for the future as new ways are 

found to improve patients’ chances of receiving a transplant, and improve overall outcomes in 

the field of transplantation.
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INTRODUCTION 

Transplantation 

Solid organ and bone marrow transplants are life-saving procedures. When comparing 

donor-recipient pairs for compatibility, the primary focus is matching for HLA-Class I alleles A, 

B, and C, which are expressed on all nucleated cells, and HLA-Class II alleles DR, DQ, and DP 

which are expressed most prominently on antigen presenting cells, such as B-cells, dendritic cells 

and macrophages.1 In an ideal world, the donor and recipient would be matched at every allele. 

However, finding a perfect match is incredibly unlikely, so the next best option is to match for as 

many alleles as possible.2 In solid organ transplantation, any allelic mismatches between the 

recipient and the donor may be a target for rejection. In stem cell transplants, both rejection and 

graft vs host disease (GVHD) are concerns. In addition, anti-HLA antibodies can develop when 

individuals are exposed to MHC complexes on another person’s cells. These sensitizing events 

include pregnancy, blood transfusions, or previous transplants. Ensuring the recipient does not 

have any pre-existing HLA antibodies to donor mismatched alleles is critically important as not 

doing so could lead to various negative outcomes such as graft loss, GVHD, or even death.   

 

Antibody Screening and Single Antigen Bead Assays 

One of the revolutionary assays in improving patient outcomes was the development of the 

solid-phase Single Antigen Bead (SAB) assay to detect specific anti-HLA antibodies that could 

cause graft rejection. For example, instead of indicating that the patient has Class I reactivity, the 

SAB assay shows that there are antibodies to HLA-A2, B5, Cw7, etc. Knowing the specific 

antibody profile of each recipient helps predict if a graft will be rejected or run a higher risk of 

failing, as the presence of an existing donor specific anti-HLA antibody (DSA) indicates an 

unsuitable donor.3  Additionally, if the patient has received a transplant, SAB assays can be utilized 

to monitor if the graft is still healthy, as a spike in DSA post-transplant can indicate that the graft 

might be rejecting. In our laboratory, DSA is considered present when the MFI of the 

corresponding bead is ≥ 2000. It should be noted that while DSA is defined at 2000 MFI, the MFI 

may need to be higher in order to see adverse outcomes.  

This information also allows scientists to use population statistics to create a Calculated 

Panel Reactive Antibody (cPRA) profile which helps determine what percentage of the population 

is an unsuitable donor for the recipient (Fig. 1).4,5  This means that patients with a higher cPRA, 
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will face more difficulty finding acceptable donors, as is often the case when a patient has 

undergone multiple sensitizing events. 

The SAB assay does have limitations, including relatively common false positive results. 
6–9 . The most common cause of false positive reactivity on the SAB assay is cross-reactivity 

between antibodies and denatured antigens on the Luminex beads that form as a byproduct of the 

bead-antigen hybridization process. Previous studies have shown that Immucor’s LIFECODES 

SAB assay has false Class II reactivity with 

alleles HLA-DRB1*09:01, DRB3*01:01, 

DRB3*02:02, DRB3*03:01, DPB1*02:01, 

DPB1*20:01, DPB1*28:01.6 Additionally, 

studies have shown that One Lambda’s SAB 

assay has shown false Class II reactivity to 

DRB1*01, DRB1*01:03, DRB1*04, 

DRB1*07, DRB1*08, DRB1*09, DRB1*10, 

DRB1*11, DRB1*12, DRB1*13, DRB1*14, 

DRB1*15, DRB1*16, DRB1*17, DRB1*18, 

DRB5, DRB3, DRB4, DQB1*02, DQB1*04, 

DQB1*05, DQB1*06, DPB1*20, DPB1*28, 

DQA1*01:01, DQA1*01:02, DQA1*03:01, 

DQA1*04:01, DQ8, DQ9, DPB1*01:01, and 

DQA1*02:01.6,9 When appearing as a false 

positive, these beads produce recognizable 

patterns that indicate false reactivity may be 

present, such as pan-reactivity of all the DRB1 

beads, pan-reactivity to all the DQB1*03 

(DQB1*07, DQB1*08, DQB1*09) beads, or 

the appearance of single alleles, such as the 

DRB4 beads. Of all of the antigens mentioned, 

DQ and DP allele combinations, such as 

DQA1*05:01/DQB1*02:01, 

DQA1*03:02/DQB1*03:02, 

Figure 1: UNOS cPRA Calculator13 - The 
patient shows reactivity to DR53 (DRB4). 
Given that this antibody is defined just under 
50% of the population is not considered to be 
an acceptable donor for the recipient. 
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DQA1*03:02/DQB1*03:03, and DPA1*02:01/DPB1*01:01 along with the DRB4 alleles, 

DRB4*01:01 and  DRB4*01:03, have been notably problematic.10,11 

False positives occur for both HLA Class I and Class II, and while not as dangerous as 

false negatives with regards to transplantation failure risk, false positive results may result in a 

qualified individual not receiving a transplant. This is of critical importance as one study by Kim 

et al., showed that overall false positivity rates for both Class I and Class II HLA antibodies in pre-

transplant patients can be around 40% in women and 60% in men.10 This is further solidified by 

Sullivan et. al., who showed that 11% of males have some level of false reactivity to Class II 

antigens.12 This is problematic as each additional positive antigen means that the typing must be 

avoided in the donor, limiting the number of opportunities for the patient to receive the transplant. 

Being able to rule-out false positive results is critical to ensuring that highly sensitized 

patients have greater opportunities to match with a potential donor. False positive DRB4 antibodies 

are prolific and can rule out 50% of all possible donors unacceptable for transplant (Fig. 1).13 

Additionally, while it is not possible to calculate the specific cPRA for patients showing allele-

level reactivity to DQA1*05:01/DQB1*02:01, it can be estimated by calculating the cPRA for 

DR17 which is in strong linkage disequilibrium with that particular DQ2 allele. Therefore, 

DQA1*05:01/DQB1*02:01’s estimated cPRA is 19%.13  

One cause of false reactivity is the sensitivity of the beads themselves. Since only one 

antigen is present on each bead, some beads are more sensitive than donor cells; as the 

concentration of less expressed antigens would be relatively higher on the bead. One of the main 

counters to this increased sensitivity are screening assays. Screening assays use multiple antigens 

per bead, and can aid in identifying false positive results. Due to a different manufacturing process, 

the antigens on the surface of the screening beads are more similar to their native confirmation and 

expression on a cell. While screening beads do not provide details on specific antigens like the 

SAB assay, they can show if a patient has either Class I or Class II reactivity more generally. This 

makes the screening assay ideal in situations where the patient is only expressing false positive 

patterns in a particular class. However, if false positive anti-HLA antibodies are in the presence of 

true anti-HLA antibodies, the screening assay may not be helpful.11 If the individual has other anti-

HLA antibodies, the screening assay would still appear to be positive. Fortunately, the flow 

cytometric crossmatch (FXM) can be used to identify false results in these cases.  
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Flow Crossmatching in Transplantation  

In our laboratory, the FXM is performed by using recipient blood, collected into red-top 

serum tubes and donor blood collected into blood tubes containing acid citrate dextrose (ACD) 

anticoagulant. The recipient serum is aliquoted for use later in the assay while lymphocytes are 

isolated from the donor’s sample. The process for isolating donor lymphocytes begins by 

extracting the buffy layer from the donor whole blood sample and treating it with Rosettesep™ 

lymphocyte enrichment solution (Stemcell Technologies™). The blood is then diluted in a 1:1 

ratio using Roswell Park Memorial Institute 1640 medium (RPMI). In the case of a deceased 

donor, lymph nodes and spleen can be used as a source of lymphocytes. The diluted blood or cells 

from the lymph nodes or spleen is layered over histopaque-1077 in a 2:1 ratio and centrifuged. 

This creates a density gradient where the lymphocytes will form a layer above the histopaque, red 

blood cells and granulocytes create the bottom layer, and plasma and RPMI is above the 

lymphocyte layer. The lymphocytes are collected, treated with red blood cell lysis solution, washed 

with plain RPMI, and diluted to a working concentration of 1.0x106 cells/mL. Cells are then treated 

with pronase to cleave Fc receptors. This reduces non-specific binding of the secondary antibody 

binding to Fc receptors found on B cells14. Pronase can cause false positive results with the T cells 

in the FCXM if the recipient is HIV positive.14,15 In these cases, non-pronased cells can be used in 

the FXM with the understanding that any excessive background signal on the B cells could make 

the results difficult to interpret.16   

At this point the recipient sera are also treated with DTT to remove IgM as this class of 

antibody, typically responsible for autoantibodies, is not correlated to graft loss or rejection, and 

is known to cause false positive results.17 Additionally, some patients may be on antibody therapies 

such as rituximab, a monoclonal human/mouse anti-CD20 antibody, that may require that the 

serum be treated to reduce the likelihood of a false positive result due to it binding IgG during the 

cell staining process.16 

Once the donor cells and recipient sera have both been prepared, the recipient serum is 

incubated with the donor cells. After a 30-minute incubation the cells are washed and incubated 

for another 20 minutes at 40° C, in the dark, with an antibody cocktail of goat-antihuman-CD3-

PerCP-Cy5.5 (BD Biosciences) to detect T-cells, goat-antihuman-CD19-PE (BD Biosciences) to 

detect B cells, and goat-antihuman-IgG-APC (Jackson ImmunoResearch Labs) to detect anti-HLA 
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antibodies bound to either lymphocyte population. CD19 is used to identify B cells, instead of 

CD20, as pronase cleaves the CD20 in addition to the Fc receptor.16 

The cells are analyzed using a flow cytometer. Forward-scatter (FSC) and side-scatter 

(SSC) are used to gate on the donor lymphocyte population. CD3 and CD19 vs. FSC is used to 

identify the T-cell and B-cell populations, respectively. The mean fluorescence intensity (MFI) of 

recipient IgG bound to the surface of the T and B cells is then measured. An increase in the MFI 

of IgG indicates the presence of DSA. 

 

Surrogate Crossmatching to Confirm Discrepant Results 

While the FXM is performed between patient serum and donor cells, it can also be used to 

identify SAB false-positives through a process known as surrogate flow-cytometric crossmatching 

(sFXM), where the recipient’s serum is incubated with a surrogate donor’s cells that expresses the 

allele in question. In this instance, the surrogate donor is an individual whose typing allows us to 

verify the patient’s antibody reactivity while not necessarily actively undergoing testing to be a 

donor for that recipient. A positive result sFXM indicates true antibody reactivity. The donor is 

chosen by comparing their HLA typing against the suspected false positive HLA antibody. Careful 

consideration is taken to ensure that while the potential false positive antigen(s) are represented in 

the donor, antigens to any other anti-HLA antibodies in the recipient’s SAB assay profile are 

avoided. However, this can be complicated when a patient has previously experienced one or more 

sensitizing events (previous transplant, pregnancy, or blood transfusion) and has multiple anti-

HLA antibodies, making an acceptable surrogate donor difficult to find. 18,19 Additionally, some 

antigens that are likely to react as a false positive, such as A80, are rare within the population 

making it difficult to find donors with this typing. When a surrogate donor needs to be found, we 

use a query to identify employees, or another donor undergoing testing, that express the HLA 

antigen required for the FXM. If one is found, a blood sample is collected and the FXM can be 

performed. Unfortunately, our population of potential surrogate donors is small and it is impossible 

to have a full library of potential HLA antigens at our disposal. Even if an allele is available, rare 

or common, there is still the likelihood that the recipient will have additional HLA antibodies to 

the other antigens that potential surrogate donor carries. Finding a cell source for testing the HLA 

antigen/antibody of concern, while limiting the possibility of other HLA antigens being expressed, 

is a present need. 
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The T2 Cell Line 

The T2 cell line has the potential to be used in sFXM as an alternative to a traditional 

surrogate donor to rule out false class II reactivity. This cell line is easily transduced to express 

individual Class II antigens.20 The T2 cell line is an ideal candidate as they do not express Class II 

antigens, and only have minimal expression of Class I antigens, HLA-A*02, -B*51, and -Cw1 due 

to a mutation that affects the processing and presentation of Class II alleles.21–24 Of the Class I 

antigens produced, A*02 is the highest expressed antigen with B*51 and Cw1 being weak to even 

undetectable on the surface of the cells.21,22  

 This study focused on using HLA-Class II expressing T2 cell lines, in place of a sFXM 

lymphocytes, to emulate B cells in an sFXM and rule out potential false Class II reactivity within 

the SAB Class II assay. Specifically, this study focused on the DQ2(DQA1*05:01/DQB1*02:01) 

and the DR53 (DRB4*01:03) alleles. In addition to comparing the results of the T2 cell sFXM to 

traditional sFXMs, this study also sought to determine the limit of detection for the T2 cell sFXM. 
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METHODS 

IRB Approval and Conflict of Interest 

  Approval for this study was received from Michigan State University’s Biomedical and 

Health Institutional review board under the category of an Expedited 5 study. There is no conflict 

of interest around this study. 

 

Patient Serum Selection 

To identify if the T2 cell sFXM could distinguish when a serum had true or false reactivity 

multiple types of patient samples were tested. Sera from patients with negative SAB assay results 

were used as a control (true negative (TN)). Sera containing known false positive antibody (KFP) 

reactivity and sera containing true positive (TP) antibody reactivity previously confirmed using an 

sFXM were also utilized. It should be noted that, while the DRB4 samples could be classified as 

just TP, the DQ2 study utilized two types of true positive samples as there are a total of five DQ2 

beads in the SAB assay. The first type of TP samples in the DQ2 T2 sFXM were from patients 

showing reactivity to the specific DQA1*05:01/DQB1*02:01 bead (allele-specific). As finding 

patients specifically reactive to that single bead are rare, sera from patients reactive to all five DQ2 

beads (pan-DQ2) were also tested to ensure TP samples could be tested. This was not necessary 

for the DRB4 experiments as a pan-DRa antibody was used as a positive control. Patients were 

excluded if anti-HLA-A*02, -B*51, and -Cw1 antibodies were detected in their Class I SAB assay. 

For the DRB4 study, sera from five TN patients (no antibody reactivity), six KFP patients 

with proven false positive antibody reactivity, and seven TP patients with proven reactivity to 

DRB4 were tested. For the DQ2 study, sera from two TN patients without antibody reactivity, 

three pan-DQ2 patients, three allele-specific patients, and four KFP patients were tested. 

Once all samples were selected, each one, along with their respective patient were assigned 

a number (I.e., Patient 1 = Sample 1, Patient 2 = Sample 2). However, for the first patient identified 

in the study, as will be discussed, multiple sera were tested. In this instance a second number was 

added to clarify the specific sample. (I.e., Patient 1, Sample 1 = Sample 1.1, Patient 1, Sample 2 = 

Sample 1.2). If a patient sample was used in both the DRB4 and DQ2 T2 sFXM, the same number 

was used in both experiments. 

 

 



   8  

HLA Class II Expressing T2 Cells 

The T2 cell lines used in this study were previously cloned in the lab to express either the 

DQB1*02 (DQA1*05:01/DQB1*02:01) or the DRB4*01:03 (DR53) molecule. To summarize, 

cDNA sequences were cloned into MSCV-IRES-GFP retroviral plasmids which were transfected 

into the retrovirus Phoenix 293T cells (provided by Dr. Andrew Fontenot).25,26 The retrovirus was 

used to transduce T2 cells resulting into their respective lines. Cells were stained and sorted for 

high expression of HLA-DRα or DQB1 and GFP expression (FACSAria, BD Biosciences). After 

sorting, RNA was isolated from each cell line (Qiagen RNeasy, 74106) and the DRB1 and 

DQA1/DQB1 sequences verified by Sanger sequencing (Quintara Biosciences).27 Cells lines were 

thawed and then expanded and 

maintained in Iscove’s Complete 

T cell media (ICTM; IMDM-

GlutaMAX supplemented with 

10% FBS +1% thio-streptomycin 

+ 1mM sodium pyruvate).  

Cells were maintained at a 

concentration between 2.0 x105 

and 4.0 x105 cells/mL with a 

viability greater than 90% using 

Trypan Blue. Cells were discarded 

after culturing for 3 weeks and 

new aliquots thawed to ensure 

high receptor expression. 

 

T2 Cell Crossmatching 

The testing of T2 cells followed an adapted flow crossmatch protocol. Briefly, T2 cells 

were collected, washed twice in plain RPMI, and incubated with a 1:1 dilution of pronase and 

RPMI for 30 minutes. Cells were then washed twice in RPMI enriched with 5% FBS (5% RPMI) 

and diluted to a working concentration of 1.0x106 cells/mL in 5% RPMI. 200uL of cells were 

added to each well of a 96-well plate and spun down. The supernatant was then removed using the 

flick method. The cells were incubated with 30uL of 5% RPMI and 20uL of DTT-treated serum 

Figure 2: T2 cell sFXM Gating Strategy – Forward 
(FSC) and Side Scatter (SSC) were used to gate around 
the T2 cells. The median T2 cell IgG APC MFI was 
recorded. 
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for 30 minutes. Cells were washed three times in phosphate-buffered saline solution (PBS) before 

staining them with a 1:90 dilution of goat-antihuman-IgG-APC (Jackson ImmunoResearch Labs) 

in PBS and incubated at 4oC in the dark, for 20 minutes. Cells were washed twice more in cold 

PBS before they were run through a flow cytometer (Cytoflex, Beckman Coulter). The red and 

blue laser were utilized to detect APC (excitation: 650nm, bp = 660/20nm) and SSC (bp = 

488/4nm) respectively. Cell populations were gated using FSC and SSC, and the median IgG APC 

MFI was recorded (Fig. 2). All samples were tested in multiple runs in duplicate within each run. 

 

Limit of Detection 

Sera confirmed to contain true anti-HLA antibody (TP) in their respective assay and with 

a corresponding SAB assay result ≥ 5000 MFI were serially diluted with negative control sera then 

tested on the HLA-expressing T2 cells following the T2 cell XM protocol above. 

 

Analysis 

The MFIs of the anti-human IgG for each patient sample were normalized to the negative 

control using a compensated MFI (patient sample - negative control). Cutoffs for determining 

negative and positive results were established and compared to the result of the initial sFXM. 
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DISCUSSION – EXPERIMENT SET-UP 

Setting up the T2 cell sFXM – Gathering Patient Samples 

Identifying known false positive samples for the experiment. 

In the case of both TP and KFP results, the patients’ SAB assay needed to first be suspected 

of having false reactivity to the DQA1*05:01/DQB1*02:01, and/or both the DRB4*01:01 and 

DRB4*01:03 beads where the SAB assay MFI is greater than 2,000. Most often false results are 

suspected if the beads in question are the only positive results within the SAB assay, or if there are 

no other corresponding antibodies present. For example, in the case of 

DQA1*05:01/DQB1*02:01, anti-HLA antibodies may be detected to other class II antigens while 

no other DQ antigens are detected. If the result were “real” we would expect some reactivity 

amongst all DQ2 antigens, not just the one bead. It would also be suspected to be real if it appeared 

with DR17 as the genes encoding for DRB1*17 and DQA1*05:01/DQB1*02:01 are linked and 

inherited together. Therefore, if someone has been sensitized to one, it would be expected that they 

would have been sensitized to the other. For the DRB4 beads, results would be suspect if there are 

no anti-HLA antibodies detected to DRB1*04 or DRB1*07 as these genes are linked to DRB4. 

Results may also be suspected of false reactivity if there is a discrepancy between the SAB assay 

and another assay, such as an FXM or screening assay. Additionally, if there is no indication that 

the antibody should be present based on patient history i.e., the patient has no sensitization events, 

the results may be investigated further. 

   

Sample Limitations – Changing SAB assay results causes difficulties in finding positive samples. 

 The major limitation of this study for both antigens, tested was DRB4 or 

DQA1*05:01/DQB1*02:01, was the lack of TP samples. Due to the nature of the SAB assay giving 

false positive results, the number of TP samples confirmed by sFXM was limited. The pool of 

overall TP patients was further reduced due to patients having non-compatible anti-Class I HLA 

antibodies. Furthermore, there were instances in which a potential sample was identified; however, 

due to the need for additional testing previously, there was no serum left. When investigating the 

patient history for other potential samples, the newer samples on the patient showed that their SAB 

assay was now negative. Thus, additional serum from a patient previously deemed TP may not 

have been able to be used in this study. The multiple limitations encountered made it difficult to 
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get a large enough sample size to combat any outlying data points, or find general trends within 

some of the data sets. 

 

Identifying and explaining variable MFIs within the T2 cell sFXM 

Originally samples were analyzed based on MFI cutoffs, as is done in our clinical sFXM 

assay. In the clinical FXM assay, a negative result for T-cells is an MFI less than 2,000, a negative 

result for pronased B-cells is less than 3,000 MFI, or less than 10,000 if the cells are not pronased. 

However, the second experiment testing the DRB4 T2 cell sFXM had increased background with 

a raw negative control MFI = 7,389 with the next highest negative control resulting with an MFI 

= 2,657. In this case, all the subsequent samples also had higher MFIs due to the increased 

background, with TN and KFP patients also having raw MFIs ranging from 5,414 to 13,797.  

There are multiple potential explanations for the increased MFIs. The primary explanation 

is that the run was likely under-washed after the fluorochromes were added causing a higher 

background. This likely arose due to a change in how the XM was performed compared to the 

clinical method, using a 96-well plate instead of microcentrifuge tubes. The fact that the 

subsequent DRB4 and DQ2 XMs all had negative controls with MFIs < 2,000 as techniques 

improved, further substantiates this explanation. 

It is also possible that the experiment run with increased background was under-pronased. 

As stated above, pronase is used on B-cells to cleave the Fc receptor and reduce overall background 

in the FXM assay. While other labs may titrate their pronase, our lab uses 750uL of a 1:1 ratio of 

RPMI to pronase for anywhere from 3.0x106 to 1.0x107 cells. The overall cell concentration 

pronased in this run was approximately 8.0x106 cells. Therefore, it is possible that due to the large 

number of cells, more pronase was needed, resulting in an XM with a higher background. This is 

corroborated by the fact that, in our laboratory, clinical non-pronased XMs can have a negative 

XM MFI up to 10,000. 

Another variable that might have had some influence on the overall background of the cells 

is how the T2 cells are transfected to express the antigen of interest. When inserting the gene that 

encodes for the antigen of interest, green fluorescent protein (GFP) is utilized to verify the gene 

was successfully inserted. The presence of GFP likely caused increased background noise, thus 

causing a generalized increase in the resulting MFI values.  
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While the aforementioned possibilities explain how an increased MFI can occur, there are 

also variables that could cause either an increase or decrease in overall MFI due to the nature of 

the T2 cells themselves. These include, the age of the cells, cell concentration within culture, and 

cell viability, which may lead to variance in the overall MFI. To reduce the variance as much as 

possible it was determined that cells should be cultured for a minimum of three days before 

experimentation in order to ensure proper cell growth and development. Additionally, after the 

third repeat run using the DQA1*05:01/DQB1*02:01 cells failed, it was determined that the cells 

should not be used if they are older than three weeks. The failed run was later repeated with a new 

set of cells and yielded usable results. 

 

Interpretation of the T2 cell sFXM 

As stated previously, our laboratory uses raw MFI cutoffs of 2,000 (T-cell) and 3,000 (B-

cell) in our clinical FXM to identify negative XM results. Most other transplant laboratories use a 

different method. Some labs use a compensated MFI (cMFI), where the negative control MFI is 

subtracted from the patient sample’s MFI, to establish MFI cutoffs. Others may use channel-shifts 

where a ratio of the MFI intensity between a sample and the negative control is evaluated.  

As such, all three options were evaluated for the T2 cell sFXM. Each patient sample was 

averaged together to get a raw MFI, then the cMFI and ratio were calculated (Fig. 3). It was 

determined that cMFI cutoffs would be used for the T2 cell sFXM to compensate for the increased 

background in the second DRB4 repeat. Results would be compared to the raw MFI results of the 

clinical assay as there is negligible background in those results, and the assay has been validated 

using raw MFI values. This allows the MFI values between the SAB assay, sFXM, and T2 cell 

sFXM to be compared, while keeping the data interpretation between the assays as similar as 

possible. 
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Figure 3: Data Interpretation options – Results of the T2 cell sFXMs were analyzed by raw 
MFI, cMFI, and ratios. The average for each patient was calculated and plotted. Results were 
then compared to the sFXM results.  
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RESULTS/DISCUSSION – THE DRB4 T2 CELL sFXM 

DRB4 Transfected T2 Cells Can Be Used for Surrogate Crossmatching 

Concordance between the surrogate flow 

cytometric crossmatch and the DRB4 T2 

surrogate flow cytometric crossmatch is 95%.

After evaluating patient antibody 

histories, a total of 5 TN samples, 6 KFP, and 

9 TP samples were selected for the DRB4 

study. All samples were run in duplicate 

within two or three runs resulting in a total of 

86 points of data. Of the 20 patient samples 

used in this experiment, one was deemed non-

concordant. It should be noted that three 

samples used in this experiment were not the 

original sample that confirmed the patient’s 

reactivity as TP. Therefore, sFXMs were ran 

on these samples to confirm reactivity. Sample 

1.3 and sample 7 showed known false positive 

reactivity making them concordant with the T2 

cell sFXM.  

Sample 5 was non-concordant. 

Understanding this discrepancy requires more 

nuance as investigation into the patient’s 

history showed that two sFXMs were 

performed on this sample. One resulted as 

negative and the other as positive. As such the 

patient was clinically deemed true positive to 

err on the side of caution. Overall, the 

concordance rate is 95% (Table 1).  

 

Table 1: DRB4 Crossmatch Concordance 

Patients and their corresponding 
concordance between their sFXM and T2 
sFXM testing for DRB4 reactivity are listed. 
Note that Patient 1.1 - Patient 1.3 are all 
samples from the same patient collected at 
different times.  
 
* Sample is not the same as the sample used 
for the initial sFXM. A new sFXM was 
performed on these samples to confirm 
reactivity. 
 
† Samples had a negative sFXM, however 
they were deemed as true positive based on 
a B-cell shift. 
 
‡ Sample had 2 sFXMs completed on the 
same sample within one week of each other. 
One was negative the other was positive. 
Sample was to be treated as true positive. 
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DRB4 T2 Crossmatch Statistics – Determining the cutoffs between negative, known false positive, 

and true positive results. 

Of the concordant DRB4 samples, the mean T2 cell sFXM cMFI of each group was 341 

for TN, 1,115 for KFP, and 25,229 for TP (Table 2). Sample means for each group were compared 

to each other using the Kruskal-Wallis test due to the limited number of overall patients in this 

study. Analysis showed that the TN and KFP data sets were similar (p > 0.9999), the TN and TP 

sets were statistically different (p = 0.0001), and the KFP and TP sets were statistically different 

(p < 0.0001). (Table 3). 

It was found that all TP patients had an average T2 cell sFXM cMFI greater than 10,000 

while all TN and KFP patients had average cMFIs less than 7,000 (Table 4). This lines up nicely 

with the clinical results for non-pronase B-cell FXM where MFI< 10,000 is interpretated as 

negative. Therefore, it was concluded that the cutoff between a positive and negative result is 

Table 2: DRB4 T2 cell sFXM Descriptive Statistics 

The cMFIs of concordant DRB4 T2 cell sFXM were analyzed to find the absolute 
minimum, absolute maximum, mean, and standard deviation. 

Table 3: DRB4 T2 cell sFXM Analysis of Variance 

A Kruskal-Wallis test was performed to compare the mean values of each group in 
the T2 cell sFXM. 
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10,000 cMFI. It should be noted that repeated experiments may lower this cut-off as improved 

techniques may reduce the overall background. 

Dilution Study – The limit of detection in the DRB4 T2 crossmatch is similar to the surrogate 

crossmatch.   

Two patient sera were chosen for serial dilutions to determine the limit of detection. Both 

samples were diluted with negative control serum until the expected SAB assay MFI was < 2,000, 

as the antigen is no longer considered defined once the MFI is below that cutoff. Sample 6, was 

diluted from neat (T2 cell sFXM cMFI = 26,980) to 1:16 (T2 cell sFXM cMFI = -454). Sample 3, 

was titrated from the neat sample (T2 cell sFXM cMFI = 11,816) to 1:8 (T2 cell sFXM cMFI = -

1376).  For both patients, once the SAB assay MFI reached approximately 5,000, the T2 cell sFXM 

cMFI was below 10,000 (Fig. 4).  

 

Table 4: DRB4 SAB Assay, sFXM, and T2 cell sFXM Results 

Each patient’s SAB assay MFI, sFXM MFI, and average T2 cell sFXM 
cMFI have been listed.  
 
*Sample is non-concordant. 
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Therefore, it can be 

concluded that the limit of 

detection in the SAB assay 

for DRB4 is an MFI = 5,000 

to yield consistent a positive 

result in the T2 cell sFXM 

assay. This aligns with what 

would be expected in an 

sFXM where antibodies 

usually are not detectable 

when they are less than 5,000 

MFI on the SAB assay (Table 4). Understanding this limit not only provides guidance on the 

requirements a sample would need to qualify for this assay if it were to be used clinically, but also 

provides explanations for the non-concordant sample. 

 

Troubleshooting inconsistencies within the assay. 

 Due to the number of samples utilized in this experiment, the clinical protocol was adapted 

so XMs were performed directly in a 96-well plate; whereas the clinical assay utilizes 

microcentrifuge tubes and then transfers samples to a 96-well plate. Since cells were added directly 

in the plate instead of the microcentrifuge tubes, new techniques such as the flick method for 

removing the supernatant, and vortexing the 96-well plate to resuspend cells were utilized. 

Inconsistencies in the flick method and vortexing of the plate likely meant the cells were not being 

fully washed, or not being fully resuspended, leading to increased MFI values in the second DRB4 

run as excessive fluorochromes remained in the samples as they were loaded onto the flow 

cytometer. As techniques improved, more consistent data was available for future runs in both the 

second half of the DRB4 study, and the DQ2 study.  

 

Troubleshooting discrepant samples. 

Explaining Conflicting Results Due to the Limit of Detection.  

Sample 5 had the only non-concordant result in the DRB4 experiment. Investigation into 

the patient’s history provides multiple explanations as to why the discrepancy may be present. 

Figure 4: DRB4 Dilution Study – Patient sample were 
serially diluted in 1:2 ratios. The corresponding SAB 
MFI and T2 cell sFXM cMFI were then recorded under 
their respective dilution. 
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First, Sample 5’s average DRB4 SAB assay MFI was 4,730, which has shown to be at the limit of 

detection in the sFXM. Therefore, it is likely that the antibodies present were not strong enough to 

elicit a positive result. Additionally, we found that two sFXMs were run using the same sample, 

one week apart, using two different donors to evaluate for the presence of DRB4 antibodies. These 

sFXMs showed conflicting results where one sFXM showed a negative result, and the other was 

just over the positive threshold. While difficult to identify an exact reason for the discrepancies 

within the sFXMs, it is possible that one donor had better expression of DRB4 than the other 

leading to differing results. Therefore, it is not completely unexpected that the patient’s sample 

would be negative on the T2 cell sFXM. 

 

Examining Patient Reactivity Over Time. 

Among the positive samples tested, three of them were from the same patient, Patient 1 

(Samples 1.1 - 1.3), who was originally deemed to be a TP using the sFXM. Sample 1.1 was 

collected in the beginning of October 2023, while Sample 1.2 was collected at the end of October 

2023. Sample 1.3, collected in February of 2024, was the patient’s most recent sample at the time 

of the experiment and was the first sample to be tested using the DRB4 T2 cells sFXM. In the 

initial test, sample 1.3, had an average SAB assay MFI of 12,013. However, when tested using the 

DRB4 T2 cell sFXM, the resulting cMFI was -90. Upon further investigation it was decided that 

the original sFXM sample, Sample 1.1, as well as the sample that was collected directly after, 

Sample 1.2, should be run alongside sample 1.3. When tested using the T2 cell sFXM, the results 

were cMFIs were 55,458 for sample 1.1 and 13,781 for sample 1.2 making both samples 

concordant with the expected positive sFXM result. 

After establishing that samples 1.1 and 1.2 were concordant but sample 1.3 was not, an 

updated sFXM using donor cells was performed to confirm reactivity. The updated sFXM showed 

that Patient 1.3 was indeed negative making the T2 cell sFXM concordant. 
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One other pattern for Patient 1 still required investigation. Although both the surrogate and T2 cell 

sFXMs showed a decrease in reactivity over time, the SAB assay MFI increased between samples 

1.2 and 1.3 (Fig. 5). Investigation into the patient’s history showed Sample 1.1 was ordered as a 

6-hour STAT post-transplant sample needing evaluation for DSA. The need for STAT testing is 

indicative of a possible rejection event.  The rejection event could have caused an increase in 

antibody production, causing an increase in the SAB assay MFI. This is confirmed by the TP 

sFXM. Following the initial sample, the patient’s overall antibody load was reduced with 

immunosuppressive treatment leading to 

subsequent negative sFXMs. However, non-

specific binding to misfolded and partial 

proteins in the SAB assay continued due to 

general antibodies found in the patient’s 

serum. It should be noted that some 

monoclonal antibody-based therapies, such 

as rituximab, may also cause some level of 

MFI increase in the SAB assay but are not 

always the main cause, as false reactivity 

has also been seen in pre-transplant patients 

not undergoing immunosuppressive 

therapy.  

It is possible that even if there was some “true” reactivity was present in Patient 1’s SAB 

assay samples, the real MFI was “masked” by additional non-specific binding, making the MFI 

appear more elevated. For example, while the Sample 1.1’s average SAB assay MFI was 19,864, 

non-specific binding may be responsible for a significant portion. If the non-specific binding were 

removed, it is possible that the average MFI would be closer to 10,000. While still positive and 

detectable by both the traditional and T2 cell sFXMs, the lower MFI would mean that treatment 

would likely reduce the antibody load to an MFI close to 5,000 in subsequent samples. Therefore, 

while the subsequent samples still appear positive in the SAB assay, masking by non-specific 

binding is likely the cause. 

 

Figure 5: Patient 1 Reactivity Over Time – 
Patient 1’s PRA reactivity, and corresponding T2 
cell sFXMs were plotted following a rejection 
episode.  
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RESULTS/DISCUSSION – THE DQ2 T2 CELL sFXM 

DQA1*05:01/DQB1*02:01 Transfected T2 cells Can Be Used in Surrogate Crossmatching 

Concordance between the surrogate flow cytometric crossmatch and the DQ2 T2 surrogate flow 

cytometric crossmatch is 92%.  

Two TN samples, three pan DQ2 reactive, three DQA1*05:01/DQB1*02:01 (allele-

specific) positive, and four KFP samples were selected for the study. All samples were run in 

duplicate on two or three runs depending on the available serum, resulting in a total of 58 points 

of data. Of the 12 patient samples included in this experiment, one serum sample from the allele-

specific group was different than the original serum used to determine that the patient was a TP 

because all the original sera were used for prior clinical testing. When a negative result emerged 

on the T2 cell sFXM, an sFXM was able to be performed for this newer sample. The result of the 

updated sFXM was negative making the sample concordant. The overall concordance rate for this 

experiment was 92% with one non-concordant result, Sample 20 (Table 5.) Unfortunately, an 

sFXM could not be performed on Sample 20, due to the patient’s high reactivity to MHC class-I 

antigens.   

Table 5: DQ2 Crossmatch Concordance 

Patients and their corresponding concordance between their 
sFXM and T2 sFXM testing for DRB4 reactivity are listed. 
 
* Sample is not the same as the sample used for the initial 
sFXM. A new sFXM was performed on these samples to 
confirm reactivity. 
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DQ2 T2 Crossmatch Statistics - Determining the cutoffs between true negative, known alse 

positive, and true positive results. 

Of the concordant DQ2 samples, the mean T2 cell sFXM cMFI were 391 for TN, 1,008 for 

KFP, 8,018 for allele-specific, and 29,289 for pan-DQ2 (Table 6). The means of each group were 

analyzed using a Kruskal-Wallis test due to the limited sample size. The following groups were 

statistically similar to one another: TN vs. KFP (p = 0.8408), pan DQ2 vs. Allele Specific (p > 

0.9999). TN vs. Allele-Specific (p = 0.0002), TN vs. pan-DQ2 (p < 0.0001), KFP vs. Allele-

Specific (p = 0.0016), and KFP vs. pan-DQ2 (p < 0.0001) were statistically different. (Table 7).  

It was found that all TP patients, regardless whether they were pan-DQ2 or allele-specific, 

had an average T2 sFXM cMFI greater than 2,000 while all TN and KFP patients had an average 

cMFI less than 2,000 (Table 8). These values correlate with our clinical assays using pronase that 

shows B-cell FXM interpretation where less than 3,000 MFI is negative. The accepted cutoff 

between a positive and negative result is 2,000 cMFI. It should be noted that the lower cutoff value 

Table 6: DQ2 T2 cell sFXM Descriptive Statistics 

The cMFIs of concordant DQ2 T2 cell sFXM were analyzed to find the 
absolute minimum, absolute maximum, mean, and standard deviation. 

Table 7: DQ2 T2 cell sFXM Analysis of Variance 

A Kruskal-Wallis test was performed to compare the mean values of each group in 
the T2 cell sFXM. 
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of the DQ2 T2 cell sFXM compared to the DRB4 T2 cell sFXM is likely due to improved 

techniques reducing the overall background.  

 

Determining the Limit of Detection for the DQ2 T2 Crossmatch. 

Dilution Study – Inconclusive and irreproducible data resulted in the limit of detection being 

determined by other means. 

Two samples were chosen to perform serial dilutions on to determine the limit of detection 

for the DQ2 T2 sFXM. Both samples were diluted with negative control serum until the expected 

SAB assay MFI was < 2,000. The allele-specific patient serum, Sample 3, and pan-DQ2 serum 

Sample19, were diluted from neat to 1:8 with negative control serum. Sample 3 was initially 

titrated from the neat (T2 cell sFXM cMFI = 9,588) to 1:8 (T2 cell sFXM cMFI = 1,198). This 

result however, was not repeatable in subsequent runs. Sample 29’s reactivity did not decrease 

with titration; the cMFI of all dilutions were consistently above 43,000. (Fig. 6). Overall, the 

experiment was inconclusive as the experiment were not reproducible. 

Table 8: DQ2 SAB Assay, sFXM, and T2 cell sFXM results 
 

Each patient’s SAB assay MFI, sFXM MFI, and T2 cell sFXM cMFI have been 
listed.  
 
*Patient is non-concordant. 
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 Although the dilution experiment did not yield consistent results, there were other ways 

the limit of detection was able to be estimated. In evaluating each patient’s SAB MFI, it was 

determined that of all concordant TP patients, the lowest SAB MFI was 6,061 (Table 8). This is 

similar to what we would expect in the clinical assay where the cutoff for detection is an SAB MFI 

of approximately 5,000. 

 

Examining the inconsistent results from the dilution study. 

The dilution studies performed using the DQ2 T2 cells did not produce repeatable results 

to determine the limit of detection. Results from Sample 19 did not yield reduced T2 cell sFXM 

cMFIs upon dilution. Therefore, the patient’s sample would have needed to be diluted lower in 

order to see a reduction in the T2 cell sFXM cMFI. (Fig. 11).  This is likely due to the patient’s 

pan-DQ2 reactivity, which should have been accounted for when determining how far to dilute the 

sample. 

While one of Sample 3’s dilutions showed potential in determining a limit of detection, the 

age of the T2 cells may have also contributed to inconsistent results. While the repeat showed a 

decrease in the cMFI, the whole set of data was discarded as overall results for all patients on the 

run were inconsistent. When the cMFI titration was repeated, the serum was on its final freeze 

thaw cycle. This caused less reactivity in the undiluted sample, which was mirrored by the lack of 

reduction in the cMFIs of the diluted samples. 

Figure 6: DQ2 Dilution Study – Patient samples were serially diluted in 1:2 
ratios. The corresponding expected SAB MFI and T2 cell sFXM cMFI were 
then recorded under their respective dilution. The sample shown for Sample 3 
is the one repeat that showed dilution. 
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It should be noted that Sample 3 was used in both the DRB4 and DQ2 experiments. This 

meant that this serum had more freeze/thaw cycles compared to any other patient. Our laboratory 

has a limit of five freeze/thaw cycles per sample as more cycles can affect antibody integrity. 

Sample 3’s DQ2 repeat sample was on its final freeze thaw cycle when the final repeat was 

performed, which may have contributed to the inconsistent results. 

 

Troubleshooting Discrepant Samples. 

 Identifying outlying data points. 

The third repeat for Sample 18 in the DQ2 study was identified as an outlier. The average 

cMFI of the final repeat was 2,302 just over the cutoff of a true positive sample at 2,000. This did 

not agree with previous results. The T2 cell sFXM repeats for this sample had cMFIs of -243 and 

-187 and the SAB assay MFI was 0. Additionally, this sample was used as a negative control in 

the DRB4 study, showing a maximum cMFI of 249. The outlying cMFI result of 2,302 was most 

likely due to ineffective washing. Including this data point did not change the overall result for the 

patient, nor did it have an impact on any statistical analysis of the patient groups. 

 

Explaining conflicting results in a Pan-DQ2 patient. 

 Sample 20 had a negative T2 cell sFXM with an overall average cMFI of 1,044. In 

examining the patient’s SAB assay, all five DQ2 beads were above the estimated limit of detection, 

with the DQA1*05:01/DQB1*02:01 bead having an MFI of 7,593. No prior sFXM had been 

performed on this patient because they were pan-DQ2 reactive. Further investigation showed the 

patient was highly sensitized to MHC Class I antigens, and no donors with a compatible class I 

typing could be found to allow for an sFXM. This inability to verify the non-concurrent sample 

shows just how difficult it can be to confirm suspected false positive results in a highly sensitized 

patient.  
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CONCLUSION 

Experiment success and limitations both show the need for an assay that can be used to rule 

out known false positives 

In conclusion, these data successfully demonstrate that HLA-expressing T2 cell lines can 

be used as surrogate donor cells to confirm false positivity in the SAB assay. The concordance rate 

for both T2 cell sFXMs was greater than 90%. The specific issues with sample and assay 

limitations were identified.  First, for both DRB4 and DQA1*05:01/DQB1*02:01, our results 

suggest that the patient’s SAB assay MFI needs to be ≥ 5,000 to reliably result in a positive T2 

cell sFXM assay. Additional dilution experiments are needed to confirm this limit of detection. 

This is especially true in the DQ2 T2 cell sFXM where the limit of detection is an estimate. 

 Second, the cMFI cutoff for determining a result as TP or KFP in the T2 cell sFXM assay 

mirrors the clinical FXM. For the DRB4 T2 cell sFXM, the cutoff of 10,000 is the same as the 

clinical non-pronase B-cell FXM. For the DQ2 T2 cell sFXM, the cMFI cutoff between TN and 

FP results is 2,000 MFI, which is lower than the clinical pronase B-cell FXM at 3,000 MFI. As the 

parent cell lines are the same, with repeat testing and improved techniques, it is likely that 

background will be reduced in the DRB4 assay making the cutoff similar to the DQ2 T2 cell sFXM. 

Regardless, both T2 cell sFXM had similar results as the clinical assay, demonstrating the potential 

for future clinical use. 

Further testing, especially for the DQA1*05:01/DQB1*02:01 antigen, is complicated by 

finding patients with true positive allele-specific antibodies. When these patients are found, the 

reactivity is often weak. In fact, the difficulty in finding TP patients for this study exemplifies the 

need for the cultured cell assay described here that is specifically dedicated to ruling out false 

positive results. This was demonstrated when the expected pan-DQ2 patient was suspected to have 

some level of false reactivity.  

Our internal records show that previously determined TP antibody reactivity may become 

negative with time, as in the case of Patient 1. In some cases, the SAB assay also becomes negative, 

while other times, like in the case of Patient 1, the SAB assay may remain positive. This 

demonstrates the SAB assay’s often-inconsistent nature, and how other potential immunological 

factors such as memory causing an increase in antibodies, common epitopes and cross-reactivity 

can make TN results positive and mask weak positive results as being stronger than they are. 
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Impact of false positives on patient care 

Identifying and ruling-out false positive results ensures that patients have as many 

opportunities as possible to receive a transplant. While sFXMs are an excellent option to identify 

these results, it can be difficult to find surrogate donors, especially in the case of highly sensitized 

patients. In these cases, false positive patterns may be suspected, but are unable to be ruled out. 

The T2 cell sFXM shows proof that a cell line can be used to rule out false positive patterns, not 

only for class II anti-HLA antibodies, but likely class I as well, improving the chances for 

transplant recipients match with a potential donor. 

Another area in which the T2 cell sFXM could be beneficial is in cord-blood transplants. 

In this type of transplant, donor samples for XM testing are unavailable. In theory, the T2 cell 

could be used to verify antibody reactivity, much in the same way XMs are used in solid organ 

transplantation. 

 

The T2 cell sFXM shows promise for the future 

These experiments show that a cell line can be used as an sFXM donor, suggesting that 

other class II antigens could be transfected into the T2 cell line. Additionally, transfecting MHC 

Class I antigens into the cell line K562 could be used to rule out class I reactivity. As manufacturers 

create/change lots and antigens on their SAB assays, new false positive patterns emerge. 

Anecdotally, as of the writing of this paper, our lab has moved to a new lot of our class II SAB 

assay. While this change removed a common false positive pan-DRB1 reactive pattern, the false 

positive DRB4, and DQA1*05:01/DQB1*02:01 patterns remain, and new ones specific to 

DRB1*01:02 and DPB1*14:01 have emerged. While the DRB1*01:02 does not have a significant 

impact on a patient’s cPRA at 0%, DPB1*14:01 increases a patient’s cPRAs to 3%.13  

As technology currently stands, it is unlikely that all false reactive patterns will be removed 

from SAB assays. While this study only focuses on two common false positive reaction patterns, 

T2 cells or other cell lines could be transfected to express new antigens of interest. Further 

investigation into using cell lines as potential sFXM donors can help make up for the current 

limitations within the SAB assay and sFXM assay and would contribute to improved transplant 

success.  
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