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T R A N S P L A N T A T I O N

Transitional B cell cytokines predict renal  
allograft outcomes
Aravind Cherukuri1,2, Alan D. Salama3, Rajil Mehta1,2, Kanishka Mohib1, Leting Zheng1,4, 
Ciara Magee3, Mark Harber3, Hans Stauss5, Richard J. Baker6, Amit Tevar1, Douglas Landsittel1,7, 
Fadi G. Lakkis1,2,8, Sundaram Hariharan1,2, David M. Rothstein1,2,8*

Early immunological biomarkers that predict rejection and chronic allograft loss are needed to inform preemptive 
therapy and improve long-term outcomes. Here, we prospectively examined the ratio of interleukin-10 (IL-10) to 
tumor necrosis factor– (TNF) produced by transitional-1 B cells (T1B) 3 months after transplantation as a 
predictive biomarker for clinical and subclinical renal allograft rejection and subsequent clinical course. In both 
Training (n = 162) and Internal Validation (n = 82) Sets, the T1B IL-10/TNF ratio 3 months after transplantation 
predicted both clinical and subclinical rejection anytime in the first year. The biomarker also predicted sub-
sequent late rejection with a lead time averaging 8 months. Among biomarker high-risk patients, 60% had early 
rejection, of which 48% recurred later in the first posttransplant year. Among high-risk patients without early re-
jection, 74% developed rejection later in the first year. In contrast, only 5% of low-risk patients had early and 5% 
late rejection. The biomarker also predicted rejection in an External Validation Set (n = 95) and in key patient 
subgroups, confirming generalizability. Biomarker high-risk patients exhibited progressively worse renal func-
tion and decreased 5-year graft survival compared to low-risk patients. Treatment of B cells with anti-TNF in vitro 
augmented the IL-10/TNF ratio, restored regulatory activity, and inhibited plasmablast differentiation. To con-
clude, the T1B IL-10/TNF ratio was validated as a strong predictive biomarker of renal allograft outcomes and 
provides a rationale for preemptive therapeutic intervention with TNF blockade.

INTRODUCTION
Despite remarkable short-term renal transplant outcomes, about 35% 
of recipients lose their allograft by 10 years, and this has changed 
little with time (1). Such late allograft loss is increasingly attributed 
to the cumulative effects of underlying subacute immunological 
injury identified only after irreversible damage has already occurred 
(2, 3). In this regard, up to 30% of surveillance biopsies in the first 
posttransplant year show subclinical rejection (4–6). This suggests 
that, although current immunosuppression reduces acute clinical 
rejection, it does not always prevent more subtle immune-mediated 
damage that can smolder unrecognized. Thus, there is a major 
interest in identifying high-risk patients far enough in advance to allow 
preemptive treatment before the effector alloimmune response has 
fully matured and irreversible damage has begun to occur.

Currently used clinical and laboratory parameters, including 
delayed graft function (DGF), serum creatinine, and donor-specific 
antibody (DSA), are associated with worse outcomes but have limited 
predictive value (7, 8). Although frequent surveillance biopsies might 
identify patients with acute rejection, they are invasive and impractical 
(6). Moreover, they cannot identify individuals at high risk for fu-
ture rejection or those whose rejection may be refractory to therapy. 
Thus, there is an imminent need for noninvasive biomarkers to not 
only identify but also predict future rejection and poor long-term 

outcomes. Various transcriptional profiles and protein signatures in 
peripheral blood or urine correlate with the diagnosis of rejection, 
but their ability to predict future rejection or long-term outcomes 
is unclear (9–12). Although transcriptional profiles were recently 
reported to predict rejection and long-term outcomes, their perform-
ance was not assessed in key patient subgroups (including immuno-
suppressive regimen, medication adherence, opportunistic viral 
infections, DGF, and DSA), limiting their generalizability (9, 13–15). 
Moreover, these studies did not provide mechanistic insights that 
might guide therapeutic intervention.

B cells with regulatory activity (Bregs) have been implicated in 
modulating the immune response in alloimmunity, autoimmunity, 
and infectious immunity in both humans and mice (16–21). How-
ever, there are no specific markers for Bregs. We previously showed 
that human regulatory B cell activity is best defined by the ratio of 
interleukin-10 (IL-10) to tumor necrosis factor– (TNF) expres-
sion by immature (transitional) B cells and that this ratio falls with 
late rejection (22, 23). Here, we conducted a prospective, multi-
center observational study to determine whether the ratio of IL-10/
TNF expression by the transitional-1 B (T1B) subset, a marker of 
regulatory B cells in the peripheral blood, is an early predictor of 
acute rejection and clinical course in adult renal transplant recipi-
ents. Furthermore, we studied the effect of TNF blockade on B cell 
regulatory activity to provide a rationale for personalized therapeu-
tic intervention.

RESULTS
University of Pittsburgh Medical Center allograft outcomes
We first assessed clinical outcomes in all patients receiving transplants 
at the University of Pittsburgh Medical Center (UPMC) between 
2013 and 2015 (n = 596). When not medically contraindicated, 
patients underwent two surveillance biopsies at 3 and 12 months in 
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addition to for-cause biopsies. Twenty-one percent of patients had 
no biopsies in the first year. In the remaining 468 patients, 28% 
(n = 138) had one biopsy, and 72% (n = 330) had paired early and 
late biopsies (Fig. 1A). In these 468 patients, clinical T cell–mediated 
rejection (cTCMR) was diagnosed in 16.9% in the first year, and 
surveillance biopsies identified an additional 18.8% of patients with 
subclinical T cell–mediated rejection (scTCMR) (Fig. 1A). Overall, 
3% had mixed antibody-mediated rejection (ABMR) and TCMR, 
and none had pure ABMR. TCMR in the first year was associated 
with a similar decrease in 5-year graft survival whether analyzed in 
all 596 patients transplanted between 2013 and 2015 or only in the 
468 patients who had at least one biopsy (fig. S1).

The availability of paired biopsies (early and late, n = 330) al-
lowed us to analyze TCMR progression in the first year (Fig. 1A). Of 
these 330 patients, 25% had “early” TCMR (0 to 4 months), of which 
more than half (14%) was subclinical (Fig. 1B). Despite treatment, 

44% of those with early TCMR had recurrent or recalcitrant “late” 
TCMR (5 to 12 months). Of the patients without early TCMR (75%), 
23% developed de novo late TCMR. Overall, 28% (94 of 330 patients) 
had late TCMR, of which 70% (66 of 94) was scTCMR. In this cohort 
with paired biopsies, any TCMR in the first year was associated 
with worse graft survival at 5 years (Fig. 1C). Patients with early 
TCMR that resolved with therapy did not have worse outcomes 
than patients with no TCMR (P = 0.07; Fig. 1D). In contrast, those 
with late TCMR (either recurrent or recalcitrant TCMR or de novo 
TCMR), had significantly worse graft survival, identifying patients 
with late TCMR as a high-risk group (P < 0.001). Both late scTCMR 
and cTCMR were associated with decreased graft survival (P = 0.01 
and P < 0.001, respectively; Fig. 1E). Thus, we aimed to identify 
a biomarker that not only predicts any rejection in the first year 
but also specifically predicts late rejection and long-term graft 
outcomes.

Biomarker study population
Of the 468 patients transplanted between 2013 and 2015 who had at 
least one biopsy, 244 participated in the UPMC biorepository. All 
were included in the biomarker study (162 in the Training Set and 
82 in the Validation Set; Fig. 2). The breakdown of biopsies by timing 
and type is depicted in Fig. 2. Key characteristics of study partici-
pants and nonparticipants were similar except for higher live donor 
frequency and associated shorter cold ischemia time among study 
participants (table S1). TCMR rates, both clinical and subclinical, 
were comparable.

Fig. 1. TCMR in the first posttransplant year and associated graft loss. (A) Flow 
diagram showing UPMC transplant recipients according to number of biopsies. 
(B) Three hundred thirty of 596 patients in total underwent paired biopsies at both 
early (0 to 4 months) and late (5 to 12 months) time points in the first posttrans-
plant year. The graphic depicts incidence of TCMR and its progression at early and 
late time points. (C) Five-year death-censored graft survival in the 330 patients 
with or without TCMR in the first posttransplant year. (D) Five-year death-censored 
graft survival in patient groups defined by the progression of TCMR in the first 
posttransplant year. ns, not significant. (E) Five-year death-censored graft survival 
in patients with or without late TCMR. Survival analysis was done by Kaplan-Meier 
method, and curves were compared by log-rank tests. *P < 0.001; **P = 0.01.

Fig. 2. Biomarker study flow diagram for the UPMC cohorts. Patients were 
enrolled from January 2013 to December 2015. Two surveillance biopsies were planned 
at 3 months (range, 2 to 4 months) and 12 months (range, 11 to 14 months) along 
with any for-cause biopsies. For-cause biopsies were performed either for new on-
set proteinuria of >1 g or a 30% increase in serum creatinine from baseline. Patients 
with Banff >1B TCMR were subjected to a repeat biopsy 2 months after initiation of 
therapy. A total of 495 biopsies were performed in total (Training Set, 327; Internal 
Validation Set, 168). *Four patients were excluded (three rituximab treated and 
one with no viable cells).
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T1B IL-10/TNF ratio and TCMR
To determine whether peripheral blood B cell subsets or the ratio of 
IL-10 to TNF expressed by these B cells could predict TCMR, we 
asked whether they differed in patients with and without TCMR in 
the Training Set (fig. S2A). Patients with TCMR had a significantly 
lower frequency of transitional B (TrB) (P < 0.001) and T1B cells 
(P < 0.001) than patients without rejection at all time points (fig. 
S2A). This difference was largest at 3 and 6 months after transplant 
and decreased at 12 months. We next analyzed the ratio of IL-10/
TNF expression by B cell subsets as a measure of pro- versus 
anti-inflammatory cytokine polarization (22). The IL-10/TNF 
ratio within total B (P = 0.01), TrB (P < 0.001), and T1B cells 
(P < 0.001) in patients with TCMR was significantly lower and rela-
tively stable at all time points in the first year (fig. S2B). The differ-
ence in the IL-10/TNF ratio was largest in the TrB and T1B subsets and 
was maximal at 3 months (fig. S2B and S3A). This was also the earliest 
time point for complete B cell reconstitution after Thymoglobulin 
induction. Because we aimed to develop an early predictive bio-
marker that could allow for potential therapeutic intervention, we 
used the 3-month time point for additional analysis. In a logistic 
regression model of B cell subsets and their cytokine ratio assessed 
at 3 months, the T1B IL-10/TNF ratio had the strongest predictive 
value for rejection, and this was confirmed in an independent inter-
nal validation cohort (table S2 and fig. S3B). Therefore, the T1B IL-
10/TNF ratio at 3 months was further examined as a biomarker.

The T1B IL-10/TNF ratio was comparable between patients 
with cTCMR and scTCMR and with various grades of rejection in 
the Training Set (fig. S4, A and B) and Internal Validation Set (fig. 
S4, C and D). In the Training Set, a 71% reduction in the odds of 
TCMR [odds ratio (OR), 0.29; P < 0.001] was observed with every 
unit (integer) increase in the T1B IL-10/TNF ratio (table S2). This 
translated to a receiver operating characteristic area under the curve 
(ROC-AUC) of 0.89 (95% CI, 0.83 to 0.95; P < 0.001) for prediction 
of TCMR in the first year (Fig. 3A). At an optimal cutoff value of 1.3 
for the ratio, sensitivity was 86%, specificity was 86%, and negative 
predictive value (NPV) was 92%. Figure S5 shows TCMR rates at 
various cutoffs in the Training Set. Precision-recall curve (PRC) 
analysis revealed a positive predictive value (PPV) of 80% at 86% 
sensitivity (fig. S6A). Furthermore, the T1B IL-10/TNF ratio pre-
dicted scTCMR with similarly high sensitivity, specificity, NPV, and 
PPV, suggesting utility in guiding surveillance biopsies (Fig. 3B and 
fig. S6B). Moreover, the T1B IL-10/TNF ratio at 3 months predicted 
all late TCMR (recurrent or recalcitrant and de novo) (ROC-AUC, 
0.83) (Fig. 3C and fig. S6C). In patients without early TCMR, the 
ratio predicted late de novo TCMR with an ROC-AUC of 0.90 (Fig. 3D 
and fig. S6D). Thus, the T1B IL-10/TNF ratio is a strong predictor 
of overall TCMR and late TCMR in the first posttransplant year. 
The T1B IL-10/TNF ratio predicted late TCMR with an average 
lead time of 8.0 ± 2.3 months.

The T1B IL-10/TNF ratio was then validated in the Internal 
Validation Set (ROC-AUC, 0.92; 95% CI, 0.86 to 0.89; P < 0.001) 
(Fig. 3E). At the cutoff value of 1.3 determined in the Training Set, 
it predicted TCMR in the first year with sensitivity of 86%, spec-
ificity of 91%, NPV of 91%, and PPV of 86% (fig. S6E). Once again, 
the T1B IL-10/TNF ratio at 3 months strongly predicted scTCMR 
(ROC-AUC, 0.92; 95% CI, 0.85 to 0.99; P < 0.001) (Fig. 3F and fig. 
S6F), all late TCMR (ROC-AUC, 0.82; P < 0.001), and de novo late 
TCMR (ROC-AUC, 0.85; P < 0.001) (Fig. 3, G and H, and fig. S6, 
G and H).

When the Training and Internal Validation Sets were combined 
(n = 244), the T1B IL-10/TNF ratio identified three distinct risk 
categories: high risk (ratio, 0 to 1.3; 83% TCMR incidence), inter-
mediate risk (ratio, 1.31 to 6; 18% TCMR incidence), and low risk 
(ratio, >1.6; 6.5% TCMR incidence) (Fig. 4A). Next, we examined 
all 174 patients who underwent both early (0 to 4 months) and late 
(5 to 12 months) biopsies to analyze TCMR progression in these 
risk groups. As shown in Fig. 4B, 44% (77 of 174) of patients were 
high risk, 10% (18 of 174) intermediate risk, and the remaining 46% 
(79 of 174) low risk. In the high-risk group, 60% had early TCMR at 
the time of biomarker evaluation and, despite antirejection therapy, 

Fig. 3. Prediction of TCMR in Training and Internal Validation Sets. (A to D) ROC 
curves depicting ROC-AUC and 95% CI for the prediction of all TCMR (A), scTCMR 
(B), late TCMR (C), or de novo late TCMR (D) in the Training Set. (E to H) ROC curves 
for the Internal Validation Set for the prediction of all TCMR (E), scTCMR (F), late 
TCMR (G), or de novo late TCMR (H). Biomarker performance was tested at an opti-
mal cutoff value of 1.3 based on the Training Set. For calculating the ROC-AUC, the 
data distribution was assumed to be nonparametric.
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48% developed recurrent or recalcitrant late TCMR. In high-risk patients 
who did not have early TCMR, 74% subsequently developed de novo 
late TCMR. Overall, 58% of patients in the high-risk group had late 
rejection. In contrast, only 5% of low-risk patients had early and 5% 
had late TCMR. The incidence of TCMR in the intermediate-risk 
category, comprising only 10% of the patients, was 6% (early) and 
17% (late). Thus, the T1B IL-10/TNF ratio identified not only patients 
with markedly high rates of early TCMR but also those with late TCMR, 
whether recurrent or recalcitrant TCMR or de novo TCMR. In com-
parison, histological diagnosis of early rejection alone was poorly 
predictive of subsequent rejection because 55% of all early rejec-
tions resolved and 56% of all late rejections were de novo (Fig. 4B).

External validation
The T1B IL-10/TNF ratio as a marker for TCMR in the first year 
was further validated in an independent external cohort of 95 kidney 

allograft recipients at the Royal Free Hospital, London. Unlike the 
UPMC cohorts which received Thymoglobulin, these patients 
received induction with Basiliximab, and only underwent for-cause 
biopsies. Demographic characteristics are summarized in table S3. 
Again, TCMR within the first posttransplant year was associated 
with a significantly lower T1B IL-10/TNF ratio compared to those 
without TCMR (P < 0.001; fig. S7). An increased ratio was associated 
with significantly reduced odds of cTCMR (OR, 0.15; 95% CI, 0.06 
to 0.41; P < 0.001). This translated into an ROC-AUC of 0.92 
(P < 0.001) for prediction of cTCMR (Fig. 5, A and B). At the cutoff 
value of 1.3 for the ratio, determined in the Training Set, sensitivity 
was 75%, specificity was 92%, PPV was 67%, and NPV was 4%. The 
T1B IL-10/TNF ratio at 3 months predicted late cTCMR with an 
ROC-AUC of 0.88 (95% CI, 0.74 to 1.00; P = 0.001) (Fig. 5, C and D). 
Because protocol biopsies were not performed in this cohort, we were 
not able to assess either early or late scTCMR. None of the late cTCMRs 
were recurrent. Thus, the biomarker performed equally well in this 
distinct patient population that received different immunosuppression 
and only underwent for-cause biopsies.

To eliminate bias resulting from rejection episodes that occurred 
before biomarker determination at 3 months (range, 61 to 120 days), 
we reanalyzed the T1B IL-10/TNF ratio excluding patients who had 
TCMR before biomarker determination. In the Training Set, the 
T1B IL-10/TNF ratio predicted TCMR that occurred either con-
comitant with or after the determination of the biomarker with an 
ROC-AUC of 0.89 (95% CI, 0.83 to 0.96; P < 0.001). At the cutoff 
value for the cytokine ratio of 1.3, the sensitivity was 89%, specificity 
was 85%, PPV was 76%, and NPV was 93% (fig. S8A). Similarly, in 

Fig. 4. Risk stratification of patients based on their T1B IL-10/ TNF ratio. 
(A) Patients in both the Training and Internal Validation Sets (n = 240) were com-
bined and grouped on the basis of the distribution of their T1B IL-10/ TNF ratio. 
TCMR rates are shown for each group. Three risk categories were apparent. High 
risk, T1B IL-10/TNF ratio of 0 to 1.3 (red box, overall TCMR rate of 83%). Intermedi-
ate risk, T1B IL-10/TNF ratio of 1.31 to 1.6 (gray box, TCMR rate of 18%). Low risk, 
T1B IL-10/TNF ratio greater than 1.6 (black box, overall TCMR rate of 6.5%). (B) A 
total of 174 patients from this combined cohort with paired biopsies at both early 
and late time points were used to study the progression of TCMR in relation to the 
biomarker. Early TCMR: high-risk group, 60% versus low-risk group, 5%; P < 0.001. 
De novo late TCMR: high-risk group, 74% versus low-risk group, 5%; P < 0.001. All 
late TCMR (both de novo and recurrent/recalcitrant): high-risk group, 58% versus 
low-risk group, 5%; P < 0.001. Groups were compared by Fisher’s exact test.

Fig. 5. Prediction of TCMR in the External Validation Set. The cutoff value of 1.3 
determined in the Training Set was used to assess biomarker performance. (A) Pre-
diction of any cTCMR in the first posttransplant year. (B) Precision-recall curve ana-
lyzing precision (PPV) versus recall (sensitivity) for the T1B IL-10/TNF ratio for any 
cTCMR in the first year. (C) Prediction of late cTCMR in the first posttransplant year. 
(D) Precision-recall curve for late cTCMR prediction by the T1B IL-10/TNF ratio. For 
calculating the ROC-AUC, the data distribution was assumed to be nonparametric.
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both the Internal and External Validation Sets, the T1B cytokine 
ratio strongly predicted TCMR in the first posttransplant year even 
when patients with TCMR diagnosed before biomarker determina-
tion were excluded (fig. S8, B and C).

Stratified analysis
Once the biomarker was validated, we combined all three patient 
cohorts to assess its performance in patients stratified by key demo-
graphic and clinical variables. As shown in Fig. 6, the ratio was 
associated with a similarly low OR regardless of recipient age, gender, 
ethnicity, donor source, human leukocyte antigen (HLA) mismatches, 
type of induction immunosuppression, DGF, serum creatinine at 
3 months, or adherence to immunosuppression. Furthermore, the 
ratio predicted TCMR in all subgroups, with ROC-AUCs ranging 
from 0.87 to 0.94 (Fig. 6). Although patients with DSA in the first 
year had a lower ratio than those without DSA, the biomarker 
performed equally well in both groups (Fig. 6 and fig. S9). Last, the 
ratio was not influenced by either cytomegalovirus (CMV) or BK 
virus (BKV) infection (Fig. 6 and fig. S10). Thus, the T1B IL-10/
TNF ratio predicted TCMR in key patient subgroups, confirming 
generalizability.

To assess reproducibility, two trained laboratory personnel using 
the same experimental protocol independently performed assays to 
determine the IL-10/TNF ratio in samples from eight healthy 
donors, starting with separate frozen aliquots of peripheral blood 
mononuclear cells (PBMCs) through flow cytometric analysis. The 
mean coefficient of variation (CV) between these personnel was 

12.6% (fig. S11A). Furthermore, the CV for T1B IL-10/TNF ratio 
determined by the same individual on two different days (n = 6) was 
3.8% (fig. S11B). Thus, both interpersonal and intrapersonal vari-
ability in evaluating the IL-10/TNF ratio were relatively low.

Long-term allograft outcomes
Our ultimate goal was to develop an early biomarker that risk-stratifies 
patients for long-term allograft outcomes. Analysis of 1-year biop-
sies in the UPMC cohorts revealed an increase in chronic damage 
manifest as interstitial fibrosis and tubular atrophy (IFTA) in high-
risk (ratio of ≤1.3) compared to low-risk (ratio of >1.6) patients 
(fig. S12). Renal function, assessed by estimated glomerular filtration 
rate (eGFR), progressively declined in high-risk compared to low-
risk patients in both the UPMC (P = 0.003) and the London 
(P = 0.01) cohorts between 3 months and 4 years after transplantation 
(Fig. 7, A and B). High-risk patients had significantly worse 5-year 
overall and death-censored graft survival compared to low-risk pa-
tients (P < 0.001; Fig. 7, C to E; P = 0.001; Fig. 7F). Furthermore, a 
composite endpoint of allograft loss or impending graft loss (eGFR 
of <30 ml/min and eGFR of >30%) was also significantly greater in 
the high-risk group (P < 0.001; Fig. 7, G and H). In a multivariate 
Cox proportional hazard model, an increase in the T1B IL-10/TNF 
ratio was associated with a significantly lower hazard of death-censored 
graft loss (P = 0.004), overall graft loss (P = 0.001), or the composite 
endpoint (P < 0.001), independent of factors commonly associated 
with poor transplant outcomes such as eGFR at 3 months, DGF, 
and DSA (table S4). Last, in the subset of patients with no rejection 
at 3 months, biomarker high-risk patients still had significantly worse 
5-year overall and death-censored graft survival (P = 0.001 or lower) 
and a higher incidence of the composite endpoint as compared to 
low-risk patients (P = 0.002 or lower), highlighting the ability of the 
biomarker to risk-stratify apparently stable renal transplant patients 
who lacked concomitant or prior rejection at 3 months (fig. S13). 
Thus, a low T1B IL-10/TNF ratio strongly predicted TCMR and 
was also associated with early allograft scarring, progressive decline 
in allograft function, and graft loss.

Effect of TNF blockade on B cells
Because B cells in high-risk patients exhibited a more proinflamma-
tory cytokine profile based on their low IL-10/TNF ratio, we com-
pared the regulatory activity of B cells in PBMCs from high- and 
low-risk patients by examining the effect of B cell depletion on cyto-
kine expression by activated CD4+ T cells (fig. S14A). B cell deple-
tion significantly increased TNF (P = 0.02) and interferon- (IFN) 
(P = 0.02) expression and decreased IL-10 expression (P = 0.02) by 
CD4+ T cells in PBMCs from low-risk patients, suggesting that B cells 
were exerting regulatory activity (Fig. 8A and fig. S14B). In contrast, 
B cell depletion increased expression of the regulatory cytokine 
IL-10 by CD4+ T cells in PBMCs from high-risk patients, suggesting 
that B cells in these patients were predominantly proinflammatory. 
Next, B cells from healthy volunteers were stimulated in the 
presence or absence of anti-TNF (fig. S15A). Anti-TNF treatment 
not only increased the IL-10/TNF ratio in B cells and individual 
B cell subsets, but also inhibited the expression of other proinflam-
matory cytokines including IL-6, IL-12, and granulocyte-macrophage 
colony-stimulating factor (GM-CSF; Fig. 8B and figs. S15B and 
S16). B cells were then washed and cultured with activated autologous 
CD4+ T cells to examine B cell regulatory activity in an established 
in vitro assay (fig. S17A) (22, 24). Compared to untreated B cells, 

Fig. 6. Forest plot of T1B IL-10/TNF ratio, TCMR, and patient subgroups. 
Patients combined from all three study cohorts were stratified by key clini-
cal variables. The OR for TCMR was determined for each subgroup using logistic 
regression. The forest plot depicts odds ratios (ORs) for TCMR for each integer unit 
increase in the T1B IL-10/TNF ratio. The column to the right shows the ROC-AUC 
derived for the predictive ability of IL-10/TNF ratio in each patient subgroup to 
identify TCMR in the first posttransplant year. Error bars represent 95% CI for the 
ORs. MM, mismatch.
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those treated with anti-TNF signifi-
cantly increased IL-10 (P = 0.003) and 
decreased TNF (P = 0.003) expression 
by CD4+ T cells (Fig. 8C and fig. S17B). 
Last, we examined the effect of anti- 
TNF on differentiation of B cells into 
plasmablasts in vitro. TNF blockade 
significantly reduced plasmablast differ-
entiation (P < 0.001), and the resulting 
plasmablasts expressed increased IL-10 
(P < 0.001; Fig. 8, D and E, and fig. S18). 
TNF blockade also strongly reduced se-
cretion of complement-fixing immuno-
globulin G1 (IgG1) and IgG3 by the 
plasmablasts (Fig. 8F). Thus, TNF block-
ade in vitro restored B cell regulatory 
activity, reduced differentiation of B cells 
into plasmablasts, skewed them toward 
IL-10–expressing regulatory cells, and 
inhibited the secretion of complement- 
fixing antibodies.

DISCUSSION
Chronic allograft failure is a leading cause 
of renal allograft loss. Previous studies 
have shown that TCMR in the first year, 
particularly within the first 6 months, has 
a detrimental effect on long-term graft 
survival (25). Here, inclusion of surveil-
lance biopsies to detect scTCMR at both 
early and late time points within the first 
year revealed that early TCMR that re-
solved with treatment actually had a 
relatively small impact on graft survival. 
In contrast, patients with early TCMR 
that was recurrent or recalcitrant and 
patients with de novo late TCMR were at 
higher risk for graft loss. Most late TCMR 
is clinically silent and is already associated 
with increased allograft scarring. Thus, 
it is imperative to find predictive bio-
markers that can identify these high-risk 
patients early enough so that preemptive 
therapy can be instituted.

In this study, we prospectively tested 
and validated the T1B IL-10/TNF ra-
tio as a strong predictor of cTCMR and 
scTCMR in the first year. At 3 months, 
this biomarker identified high-risk patients, 
60% of whom had early TCMR, which 
recurred in 50% despite antirejection 
therapy. Moreover, among the 40% with-
out early TCMR, 74% had de novo late 
TCMR. In marked contrast, <10% of low-
risk patients had either early or late rejec-
tion. Standard-of-care immuno suppression 
is failing this high–immunological risk 
cohort, who subsequently exhibit decreased 

Fig. 7. Association between T1B IL-10/TNF ratio and long-term clinical outcomes. Patients in the combined 
Training and Internal Validation Sets (A, C, E, and G) and in the External Validation Set (B, D, F, and H) were divided 
into high-risk (≤1.3) and low-risk groups (>1.6) based on their T1B IL-10/TNF ratio. eGFRs were compared using re-
peated-measures modeling and Geisser-Greenhouse correction. (A) Mean eGFR values of high-risk versus low-risk 
patients in the combined Training and Internal Validation Sets (milliliters per minute). ^P = 0.005 and ^^P = 0.003. 
(B) Mean eGFR values of high-risk versus low-risk patients in the External Validation Set. #P = 0.02; ##P = 0.008; 
###P = 0.01. (C and D) Overall graft survival for the combined Training and Internal Validation Sets (C) and External 
Validation Set (D). (E and F) Death-censored graft survival for the combined Training and Internal Validation Sets 
(E) and the External Validation Set (F). (G and H) Composite endpoint (CEP) comprised of death, graft loss, and im-
pending graft loss (eGFR of <30 ml/min and decline in eGFR of >30%) for the combined Training and Internal Valida-
tion Sets (G) and the External Validation Set (H). Survival analysis was done by Kaplan-Meier method, and curves were 
compared by log-rank test.
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GFR and poorer graft survival whether 
or not they had early TCMR. Thus, this 
biomarker will allow introduction of 
truly preemptive therapy by identify-
ing high-risk patients with an average 
lead time of about 8 months. Because 
the majority of all TCMR in the first 
year is subclinical and overwhelmingly 
occurs in high-risk patients, the T1B 
IL-10/TNF ratio may also inform the 
use of surveillance biopsies in renal 
transplantation.

The clinical utility of any biomarker 
relies on generalizability. The T1B IL-
10/TNF ratio strongly predicts TCMR 
irrespective of donor type, HLA matching, 
DGF, DSA, induction immunosuppres-
sion, calcineurin inhibitor (CNI) adher-
ence, and whether or not surveillance 
biopsies were performed. Furthermore, 
the biomarker was not affected by op-
portunistic viral infection. However, there 
are several limitations. Although the T1B 
IL-10/TNF ratio could predict both 
scTCMR and cTCMR with similar sen-
sitivity and specificity, the ratio did not 
differ in patients according to grade of 
TCMR. Thus, the biomarker cannot be used 
to risk-stratify patients according to the 
severity of rejection. Regardless, the bio-
marker did prognosticate renal transplant 
outcomes. Furthermore, the biomarker 
identifies patients at high risk for poor 
outcomes despite treatment of their re-
jection episodes. However, the study was 
not designed to examine the effect of anti-
rejection therapy on the biomarker. The 
observed rate of ABMR in this nonse-
lected group of consecutive renal transplant 
recipients was 3%—similar to that reported 
in other studies of nonsensitized renal 
transplant recipients on tacrolimus (TAC)– 
based immunosuppression in the first 
posttransplant year (26–29). This low 
incidence of ABMR precluded our ability 
to determine whether the biomarker could 
differentiate between TCMR and ABMR.  
Last, although the biomarker is based on 
a cellular assay, the interpersonal and 
intrapersonal CVs were low (12 and 4%, 
respectively). The generalizability and 
low variability of the biomarker should 
allow for widespread application (30).

B cells produce antibodies that can 
contribute to allograft rejection (8, 31). 
However, B cells can also either augment 
or inhibit effector T cell responses in 
various disease settings, highlighting their 
role as both proinflammatory effector 

Fig. 8. Effect of anti-TNF on regulatory B cell activity and in vitro plasmablast differentiation. (A) PBMCs ob-
tained at 3 months from low-risk (n = 4) and high-risk patients (n = 4) were subjected to B cell depletion or were left 
undepleted, followed by anti-CD3 stimulation. Within each patient group (high and low risk), the change in expres-
sion of each cytokine by CD4+ T cells after B cell depletion was compared to the baseline expression without B cell 
depletion. The percent change in CD4+ T cell cytokines with B cell depletion between low- and high-risk groups is 
depicted. (B) Analysis of the IL-10/TNF ratio in total B cells and individual B cell subsets from healthy volunteers 
(n = 9) stimulated for 24 hours either in the presence of isotype control antibody or anti-TNF antibody. (C) Analysis 
of the proportion of CD4 T cells producing IL-10 (left) and TNF (right) after anti-CD3 stimulation. CD4 T cells were 
cultured alone or cocultured with B cells in the presence of isotype control or anti-TNF antibody (n = 4 healthy vol-
unteers). (D) B cell differentiation into plasmablasts (induced by culture with TLR7 agonist, R848, and recombinant 
human IL-2) in the presence of either isotype control or anti-TNF antibody (n = 17 patients 3 months after trans-
plant). (E) Comparison of the proportion of plasmablasts expressing IL-10 generated as in (D). (F) Comparison of re-
spective IgG subclass concentration in the cell culture supernatants by plasmablasts generated as in (D). Paired 
comparisons were analyzed by Wilcoxon signed-rank test. Comparison of multiple groups was done by Kruskal-Wallis 
test. Bars depict mean values with error bars representing SEM.
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B cells (Beffs) and Bregs (32–36). In clinical transplantation, deple-
tion of B cells in the peri-transplant period with rituximab (human-
ized anti-CD20) markedly increased acute renal allograft rejection 
and worsened cardiac allograft vasculopathy, suggesting that Bregs 
play an important role in engraftment (37, 38). However, there ex-
ists no specific marker to identify Bregs, and they are most commonly 
identified by their expression of IL-10. In mice, specific deletion of 
B cell–expressed IL-10 markedly increases the inflammatory response 
in vivo, and addition of anti–IL-10 blocks in vitro human Breg 
activity (22, 39). Various human B cell phenotypic subsets are reportedly 
enriched for IL-10 expression, including canonical B cell subsets, 
CD138+ plasmablasts, CD24hiCD27+ memory, CD25hiCD71hiCD73−, 
TNFR2+, TIM1+, and CD271+CD431+CD11b+ B cells; however, only 
a small proportion of B cells within each of these subpopulations 
actually expresses IL-10, and each comprises only a fraction of all 
IL-10+ B cells (17, 40–47). Although all canonical B cell subsets ex-
press IL-10, TrB cells are the most enriched (22, 24). Canonical 
B cell subsets also express proinflammatory cytokines like TNF, 
demonstrating that individual B cell subsets contain both Bregs and 
Beffs. We have shown that “Breg activity” is best characterized by 
the ratio of IL-10/TNF because this provides a readout of the number 
of Bregs relative to proinflammatory Beffs in any given subset, and this 
correlates with their in vitro suppressor activity (22). Thus, TrB cells 
have the highest IL-10/TNF ratio and suppress autologous T cell 
proinflammatory cytokine expression in vitro. Whereas anti–IL-10 
diminished the in vitro Breg activity of TrB cells, anti-TNF re-
vealed the activity of Bregs within the naïve and memory B subsets. 
Thus, it is likely that all IL-10+ B cells are regulatory but that the 
ratio of IL-10/TNF expression within a given subset best identifies 
the balance between Bregs and Beffs (22). Why the regulatory B cell 
balance (IL-10/TNF ratio) within the T1B subset turns out to be 
the best predictive biomarker for renal allograft rejection and out-
comes is not clear. TrB cells are short-lived immature B cells that 
either mature into naïve B cells or undergo apoptosis. However, it is 
possible that TrB cells maintain their original cytokine profile when 
they mature or are activated in immune or parenchymal tissues (46).

The T1B cytokine ratio is distinct from other biomarkers in 
transplantation in that it identifies an immunological imbalance that 
might be amenable to therapeutic manipulation. Supporting this, 
we demonstrated that TNF neutralization augments the T1B IL-10/
TNF ratio and that these B cells exhibit increased in vitro Breg 
activity. Anti-TNF also inhibited plasma cell differentiation and 
suppressed complement-fixing antibody secretion. Moreover, it has 
been shown that treatment of rheumatoid arthritis patients with 
anti-TNF increases IL-10+ B cells in vivo, supporting the notion 
that TNF blockade may work through modulation of Breg-to-Beff 
ratios (48). Although data in transplantation are limited, anti-TNF 
successfully rescued a series of nine small bowel allograft recipients 
who had rejection resistant to both steroids and T cell depletion 
therapy with OKT3 antibody (49). Thus, we provide a rationale for 
the use of anti-TNF to improve clinical outcomes in immunologically 
high-risk renal transplant recipients by restoring Breg activity.

In conclusion, we identified an early immunological biomarker 
in renal transplant recipients that predicts subsequent TCMR and 
graft loss. By identifying high-risk patients before further damage 
and maturation of the immune response have occurred, this bio-
marker could be used to guide surveillance biopsies and personalize 
immunosuppression in attempts to improve clinical course. The evidence 
that TNF blockade may reverse a Breg-to-Beff imbalance provides a 

rationale for testing this therapeutic approach in high-risk kidney 
transplant patients.

MATERIALS AND METHODS
Study design
This is a prospective observational study of nonpreselected adult 
renal transplant recipients who underwent transplantation between 
January 2013 and December 2014 at the UPMC to examine the role 
of B cells and their cytokines as predictive biomarkers for allograft 
rejection and subsequent outcomes. The biomarker was validated in 
a further prospective cohort of patients transplanted in 2015 from 
the UPMC and in an independent cohort of patients transplanted 
between 2011 and 2014 at the Royal Free Hospital in London.
Outcomes study
In a prospective observational study, we initially examined allograft 
outcomes in all adult kidney transplant recipients at the UPMC be-
tween 2013 and 2015 (n = 596; Fig. 1A). Unless medically contrain-
dicated, patients underwent two surveillance biopsies at 3 and 12 months 
in addition to for-cause biopsies. Surveillance biopsies were not 
performed if patients had a for-cause biopsy within 1 month. On 
the basis of the timing, biopsies were classified as either early (0 to 
4 months) or late (5 to 12 months). Of the 596 total patients, 468 
(79%) had at least one biopsy in the first posttransplant year. A total 
of 138 of these had one biopsy (early or late), and 330 had paired 
early and late biopsies (71%). A total of 128 (21%) patients did not 
undergo any biopsies.
Biomarker study
All patients transplanted at the UPMC between 2013 and 2015 were 
approached to participate in a biorepository where PBMCs were 
cryopreserved at regular intervals and at the time of any biopsies. Of 
the 468 who had at least one biopsy, 244 (52%) consented to enroll 
in the biorepository and were used in the biomarker portion of this 
study (Fig. 2). Patients transplanted in 2013 and 2014 constituted 
the Training Set (n = 162). Four patients were excluded because they 
received prior rituximab or had no viable cells. Patients transplanted 
in 2015 comprised the Internal Validation Set (n = 82). A total of 
327 biopsies were performed in the Training Set (for cause, 84; sur-
veillance, 243) and 168 in the Internal Validation Set (for cause, 55; 
surveillance, 113). In the Training Set, 121 (77%) patients had paired 
early and late biopsies. In the Internal Validation Set, 53(64%) had paired 
early and late biopsies. Patients were followed until March 2020.

A total of 95 patients transplanted between May 2011 and October 
2014 at the Royal Free Hospital, London, constituted the External 
Validation Set. All patients were followed for 5 years to assess graft 
outcomes and only underwent for-cause biopsies. The study proto-
col was approved by the University of Pittsburgh Institutional 
Review Board (#PRO13060220, REN13040245/PRO12030552, and 
PRO14040614) and the U.K. National Research Ethics Committee 
(#10/H0711/36).

Immunosuppression
Induction immunosuppression consisted of either Thymoglobulin 
(6 mg/kg total; UPMC) or Basiliximab (London) and methylpred-
nisolone (500 mg). All patients underwent rapid 7-day prednisolone 
taper and were then maintained on mycophenolate mofetil and 
TAC (target trough concentrations: 8 to 12 ng/ml for 3 months and 
6 to 10 ng/ml after 3 months). Patients with calculated panel reac-
tive antibodies of >90% were also maintained on oral prednisolone 
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(5 mg/day). Banff 1A or 1B TCMR, whether clinical or subclinical, 
was treated with three doses of methylprednisolone (250 mg each). 
Banff ≥2A and steroid-resistant TCMR were treated with Thymo-
globulin (maximum 6 mg/kg) over 4 to 5 days. Acute ABMR was 
treated with four to six treatments of plasmapheresis and intrave-
nous IgG. Maintenance prednisolone (5 mg/day) was added for all 
patients with rejection.

Monitoring
Blood was drawn at 0, 1, 3, 6, 9, and 12 months to monitor for DSA 
as well as BKV and CMV infections. DSA was assessed by One 
Lambda single antigen beads per the manufacturer’s instructions. 
An adjusted median fluorescence intensity of ≥1000 was used to 
detect DSA. CMV and BK were assessed by the hospital clinical 
laboratory based on nucleic acid detection.

B cell cytokines and function
PBMCs were separated from peripheral blood by Ficoll density cen-
trifugation and cryopreserved at each center. For analysis, PBMC 
aliquots were thawed and assessed by flow cytometry. In the Training 
Set, various B cell subsets and their IL-10/TNF ratio were exam-
ined longitudinally in 430 PBMC samples analyzed 1, 3, 6, and 
12 months after transplant. On the basis of this, the T1B IL-10/
TNF ratio was examined at 3 months in the validation sets.

Monoclonal antibodies and biologic reagents
Anti-human fluorochrome-conjugated monoclonal antibodies (mAbs) 
included BUV-737-CD19, PE-Cy7-CD3, BV421-CD38, BV605-
CD24, BUV395-CD27, AF488-IgD, APC-IgM, PECy7-CD138, PE–
IL-10, PE-Texas Red-IFN, and AF488-TNF from BD Biosciences. 
Functional-grade anti-CD3 (HIT3a) was from BD Biosciences, and 
chimeric anti-human TNF (infliximab) was from Janssen Pharma-
ceuticals. Resiquimod (R848) and recombinant human IL-2 (rhIL-2) 
were from R&D Systems, and CpG-ODN-2006 was from InvivoGen.

Assessment of the IL-10/TNF ratio
PBMCs were suspended in RPMI 1640 supplemented with 10% 
fetal bovine serum, 1% penicillin-streptomycin, and l-glutamine at 
2.5 × 106 cells/ml (complete RPMI) and stimulated for 24 hours on 
a monolayer of NIH 3T3 cells stably expressing CD40L and CpG-
ODN2006 (10 g/ml; InvivoGen). CD40L-expressing 3T3 cell line 
was provided by G. Freeman from Dana-Farber Cancer Institute 
(50). Phorbol 12-myristate 13-acetate (PMA; 50 ng/ml), ionomycin 
(500 ng/ml), and brefeldin A were added for the last 5 hours of culture. 
Cells were stained with surface markers, fixed and permeabilized 
using the Cytofix/Cytoperm kit (BD Biosciences), and then stained 
for intracellular cytokines (IL-10 and TNF). Flow cytometry was 
performed using a BD LSRFortessa flow cytometer (Becton Dickinson), 
and data were analyzed using Kaluza software (Beckman Coulter). 
Cursors were set using isotype and fluorochrome-matched negative 
controls for intracellular staining. Total B cells were defined by sur-
face expression as CD19+CD3−, and B cell subsets were further 
identified as CD24+++CD38+++ T1B cells, CD24++CD38++ transitional-2 
B cells (T2B), CD24+CD38+ naïve cells, and CD24+++CD38− mem-
ory cells. The gating strategies for individual T1B and T2B sub-
sets, IL-10 and TNF expression, and the IL-10/TNF ratio by these 
subsets are shown in figs. S19 and S20 and have been described in 
previous studies (22, 23, 51). The T1 and T2 subsets were readily 
distinguishable because the more immature T1 subset repopulates 

before the T2 subset after Thymoglobulin induction. Once estab-
lished, the same gates were used in both validation cohorts.

B cell depletion and T cell cytokines
CD19+ B cells were depleted from PBMCs of high-risk (n = 4) and 
low-risk (n = 4) patients from the UPMC cohort 3 months after 
transplantation using immunomagnetic beads (STEMCELL Tech-
nologies) per the manufacturer’s instructions. Nondepleted PBMCs 
or those depleted of CD19+ B cells were cultured in 96-well U-bottom 
tissue culture plates (Corning), coated with purified anti-human CD3 
mAb (0.5 mg/ml) for 72 hours. PMA, ionomycin, and brefeldin A 
were added for the last 6 hours of the culture. After surface staining 
for CD4+ T cells and fixation, cells were permeabilized using the 
Cytofix/Cytoperm kit (BD Biosciences) and then stained for intra-
cellular cytokines (IL-10, TNF, and IFN). CD4+ T cell cytokines with 
or without B cell depletion were analyzed using a BD LSRFortessa.

Effect of anti-TNF on B and T cell cytokine expression
PBMCs (2.5 × 106 cells/ml) from healthy volunteers (n = 8) were 
stimulated for 24 hours on a monolayer of NIH 3T3 cells stably ex-
pressing CD40L and CpG-ODN2006 (10 g/ml; InvivoGen) in the 
presence of anti-TNF mAb (infliximab, 125 mg/ml) or an isotype 
control (IgG1k). PMA (50 ng/ml), ionomycin (500 ng/ml), and 
brefeldin A were added for the last 5 hours of culture. IL-10 and 
TNF expression in B cells and subsets were analyzed as detailed in 
the “Assessment of the IL-10/TNF ratio” section.

To assess the effect of anti-TNF on B cell regulatory function, 
magnetically enriched B cells from four healthy volunteers were 
stimulated with anti-human CD40 mAb and CpG-ODN 2006 
(10 mg/ml) for 24 hours in the presence or absence of anti-TNF 
(125 mg/ml). After 24 hours, both anti-TNF–treated and untreated 
B cells were washed three times in complete RPMI. Washed B cells 
were then cocultured 1:1 with magnetically purified CD4+ T cells in 
96-well U-bottom tissue culture plates (Corning) coated with puri-
fied anti-human CD3 mAb (0.5 mg/ml) for 72 hours. CD4+ T cell–
expressed IL-10 and TNF were analyzed by intracellular staining 
as described in the “B cell depletion and T cell cytokines” section.

Plasmablast differentiation
PBMCs (1 × 106/ml) from 17 UPMC renal allograft recipients 
3 months after transplantation were suspended in complete RPMI 
at 2.5 × 106 cells/ml and stimulated for 6 days with rhIL-2 (1000 U/ml) 
and resiquimod (2.5 mg/ml) (52, 53). On day 6, an aliquot of cell 
culture supernatant was removed and cryopreserved for analysis of 
IgG subclasses by enzyme-linked immunosorbent assay per the 
manufacturer’s instructions (Invitrogen). After this, PMA (50 ng/ml), 
ionomycin (500 ng/ml), and brefeldin A were added to the cell cul-
ture for 5 hours. The phenotype of the cultured cells was then 
assessed using anti-human mAbs for CD19, IgD, CD24, CD27, and 
CD38 followed by intracellular cytokine staining for IL-10.

Outcomes
Outcomes were biopsy-proven rejection in the first posttransplant 
year, IFTA at 1 year, eGFR at 1 to 4 years, graft loss at 5 years, and a 
composite endpoint of graft loss or impending graft loss (eGFR of 
<30 ml/min and reduction in eGFR >30% from baseline) at 5 years. 
Biopsies were scored by transplant pathologists using Banff 2013 
criteria to define TCMR or ABMR (54). Here, the term TCMR re-
fers to Banff grade 1A rejection or greater. Diagnosis of cTCMR was 
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based on clinically indicated (for-cause) biopsies and scTCMR on 
surveillance biopsies (performed without evidence of renal dys-
function). cTCMR rate was based on the total number of patients in 
the cohort, whereas scTCMR rate was based on the number of 
patients who underwent surveillance biopsies. eGFR was estimated 
by chronic kidney disease epidemiology collaboration (CKD EPI)  
equation (55).

Statistical analysis
Continuous variables are presented as means ± SEM and categori-
cal variables as percentages. Continuous variables were compared 
using Mann-Whitney U test. Multiple group comparison used anal-
ysis of variance (ANOVA) with Dunnett’s post hoc correction or 
Kruskal-Wallis test. Chi-square test compared categorical variables. 
Nonparametric paired comparisons used Wilcoxon matched-pairs 
signed-rank test. Predicted probabilities and ORs for acute rejection 
were calculated using an unadjusted logistic regression. ROC curve 
analysis was used to obtain optimal sensitivity and specificity of the 
studied markers. Given the asymmetric nature of the outcome 
(TCMR), PRCs were used to assess the PPV of the T1B IL-10/TNF 
ratio at the given sensitivity.

Furthermore, patients from the Training Set and the two valida-
tion sets were combined and stratified by key clinical variables 
including the following: age (classified as younger or older based on 
age greater or less than the median); gender (male or female); 
ethnicity (Caucasian or others); donor source [live versus deceased 
(including both brain-dead and circulatory-dead donors)]; HLA 
mismatches (classified as higher or lower based on values greater or 
less than the median); induction immunosuppression (Thymoglobulin 
or Basiliximab); DGF (DGF or primary graft function); DSA in the 
first posttransplant year (detected or not detected); serum creatinine 
at 3 months (classified as higher or lower based on values greater or 
less than the median); CMV (more than 5000 copies/ml) or BK 
viremia (more than 10,000 copies/ml) by polymerase chain reaction; 
and CNI adherence assessed by the measurement of CNI intra-
patient variability (IPV), as previously described (56–58). A CNI-IPV 
cutoff value of >35% was used to define nonadherence, as described 
previously (27). OR and predicted probability for TCMR were cal-
culated using T1B IL-10/TNF ratio at 3 months as a continuous 
variable by logistic regression and ROC curve analysis performed 
for each of the abovementioned strata.

Renal function assessed by eGFR was compared longitudinally 
between the high- and the low-risk patients using repeated-measures 
ANOVA with Geisser-Greenhouse correction. eGFR values at dif-
ferent time points were compared between the groups by Sidak post 
hoc test. Random missing values of eGFR were addressed by multi-
ple imputation (five imputations). Overall graft loss, death-censored 
graft loss, and a composite endpoint of graft loss and impending 
graft loss were analyzed by the Kaplan-Meier method, and survival 
curves were compared between high- and low-risk patients by log-
rank test. Impending graft loss was defined as an eGFR of <30 ml/min 
and a >30% decline in eGFR from the baseline at 3 months (27). In 
a multivariable Cox proportional hazards model, the hazard for 
graft loss with each unit increase in the biomarker value was ana-
lyzed independent of eGFR, DSA, and DGF (factors commonly 
associated with poor graft outcomes).

SUPPLEMENTARY MATERIALS
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Abstract

One-sentence summary: A low transitional-1 B cell IL-10/TNF ratio predicts rejection and supports pre-
emptive intervention for patients after kidney transplantation.

Editor’s Summary:
A ratio to predict rejection

Current strategies to identify rejection of transplanted kidneys rely on invasive surveillance biopsies or have 
limited predictive value. Thus, identification of an early and noninvasive biomarker to predict rejection is 
required. Here, Cherukuri et al. characterized a ratio of interleukin-10 (IL-10) to tumor necrosis factor– 
(TNF) expressed by transitional B cells as a biomarker of early T cell–mediated allograft rejection. The 
authors found that the ratio of IL-10 to TNF produced by transitional B cells predicted rejection at 3 months 
after transplantation in three patient cohorts. These findings suggest that the IL-10/TNF ratio may be an 
effective biomarker that can be used clinically to tailor therapy based on risk of rejection.
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