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ABSTRACT
Introduction: The kidney biopsy is used to diagnose
and guide initial therapy in patients with lupus
nephritis (LN). Kidney histology does not correlate well
with clinical measurements of kidney injury or predict
how patients will respond to standard-of-care
immunosuppression. We postulated that the gene
expression profile of kidney tissue at the time of biopsy
may differentiate patients who will from those who will
not respond to treatment.
Methods: The expression of 511 immune-response
genes was measured in kidney biopsies from 19
patients with proliferative LN and 4 normal controls.
RNA was extracted from formalin-fixed, paraffin-
embedded kidney biopsies done at flare. After
induction therapy, 5 patients achieved a complete
clinical response (CR), 10 had a partial response (PR)
and 4 patients were non-responders (NRs). Transcript
expression was compared with normal controls and
between renal response groups.
Results: A principal component analysis showed that
intrarenal transcript expression from normal kidney, CR
biopsies and NR biopsies segregated from each other.
The top genes responsible for CR clustering included
several interferon pathway genes (STAT1, IRF1, IRF7,
MX1, STAT2, JAK2), while complement genes (C1R,
C1QB, C6, C9, C5, MASP2) were mainly responsible
for NR clustering. Overall, 35 genes were uniquely
expressed in NR compared with CR. Pathway analysis
revealed that interferon signalling and complement
activation pathways were upregulated in both groups,
while BAFF, APRIL, nuclear factor-κB and interleukin-6
signalling were increased in CR but suppressed in NR.
Conclusions: These data suggest that molecular
profiling of the kidney biopsy at LN flare may be useful
in predicting treatment response to induction therapy.

INTRODUCTION
The percutaneous kidney biopsy is the gold
standard for the diagnosis of glomerular dis-
eases. Perhaps more so than for any other
glomerular disease, biopsy findings are used

to classify and subgroup lupus nephritis (LN)
in order to better inform treatment decisions
and predict prognosis.1 2 Several schemas
have been used to classify LN biopsies, the
most recent being the 2004 International
Society of Nephrology (ISN) and Renal
Pathology Society (RPS) classification.2 3

Although the objective of the ISN/RPS classifi-
cation was to align histology with outcomes,3–5

little progress has been made in using the
kidney biopsy to predict treatment response in
LN. Contributing to this is the poor correl-
ation between clinical findings and renal hist-
ology.6–9 A possible explanation for the
discordance between clinical and histological
findings is that the histological responses of
the kidney to injury are limited, whereas the
pathogenic mechanisms of renal injury in LN
are diverse. It is likely that molecular analysis
of kidney biopsies will provide more informa-
tion about how the kidney will respond to
treatment than histology alone.
To test this hypothesis, we measured tran-

script expression of a panel of immune
response genes in the diagnostic kidney biop-
sies of patients with proliferative LN and eval-
uated their expression profile at flare. Gene
expression profiles were compared between
those who achieved a complete clinical
response and those who did not achieve a

KEY MESSAGES

▸ Not all LN is created equal: The molecular profile
of LN flares that end in complete response differs
from flares that end in no response.

▸ Molecular profiling of the kidney biopsy at LN
flare may help guide treatment and better predict
response.

▸ The addition of molecular analysis to routine
histology will help facilitate the personalization
of LN treatment.
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response after standard-of-care LN induction therapy.
Differentially expressed genes were subject to informat-
ics analyses to predict the immune signalling pathways
that differentiated responders and non-responders
(NRs) at the start of treatment.

METHODS
Kidney biopsies
For this proof-of-concept study, transcript expression was
measured in the kidney biopsies of 19 patients with pro-
liferative (class III or IV±V) LN. These biopsies were
done from 2007 to 2011. The biopsies had been
archived after all clinical testing was completed. The use
of these biopsies was approved by the Hospital
Fernandez ethics board.
As a control, archived kidney tissue from pre-

implantation biopsies of living-donor kidneys (n=4) was
analysed in parallel with the LN biopsies. Pre-implantation
biopsies are done on all donor kidneys at the Ohio State
University Wexner Medical Center as part of the clinical
transplant protocol. The use of these biopsies was
approved by The Ohio State University Institutional
Review Board.

Treatment protocols and outcomes
All patients were treated with standard-of-care immuno-
suppression protocols. Sixty-three per cent of the cohort
received 2000–3000 mg/day mycophenolate mofitel,
while 37% were given 750–1000 mg/month of intraven-
ous cyclophosphamide. All patients received a cortico-
steroid taper starting with 1 mg/kg/day prednisone at
the beginning of induction. The induction period
lasted, in general, 6 months.
The serum creatinine (SCr) concentration and 24 h

urine protein level were available on all patients at flare
and after finishing induction treatment. Complete renal
response was defined as having an improvement in pro-
teinuria to <0.5 g/day with normalisation of SCr. Partial
renal response (PR) was defined as at least a 50% reduc-
tion in proteinuria, to a level <3 g/day, but >0.5 g/day,
with stable or improved SCr.10 Patients who did not
meet either of these criteria were defined as NRs.

RNA extraction and analysis
All biopsies used in this study had been formalin-fixed
and paraffin-embedded (FFPE). Ten micron sections
were cut from the paraffin blocks, and for each biopsy
two sections were deparaffinised and digested with pro-
teinase K. DNA was removed with DNase. RNA was preci-
pitated and the precipitate was added to RNeasy
MinElute spin columns (Qiagen, Redwood City,
California, USA). RNA was eluted in RNase-free water.
The complete details of FFPE deparaffinisation and
RNA extraction can be found in online supplementary
methods 1.
Gene transcript expression was analysed from 250 ng

of extracted RNA using the Nanostring ncounter

platform and the GX human immunology transcript
panel (Nanostring Technologies, Seattle, Washington,
USA).11–13 The ncounter platform was chosen because it
is superior to microarray for quantification of gene
expression in FFPE samples.14 15 The human immun-
ology panel consisted of 511 immune response genes, 6
positive control genes and 6 negative control genes. A
complete list of these genes can be found in online sup-
plementary table S1.
Multiplex RT-PCR using TaqMan Gene expression

assays (Applied Biosystems/Life Technology, Grand
Island, New York, USA, catalogue # 4384267) was done
to verify Nanostring results for a subset of differentially
expressed transcripts. Using a high-capacity
RNA-to-cDNA kit (Applied Biosystems/Life Technology,
catalogue # 4387406), cDNA was generated from 300 ng
total tissue RNA and data were collected during RT-PCR
cycles using gene-specific fluorogenic probes. The com-
plete details of the RT-PCR protocol can be found in
online supplementary methods 2.

Statistical analysis
Before statistical analyses, raw gene expression data were
normalised to the positive spike-in controls and then
log2 transformed. To reduce the false positive rate, only
genes with an expression level at least 2 SDs above the
mean expression of the negative controls were included
in the analysis. Quantile normalisation was used for nor-
malisation across samples. Overall, 382 transcripts sur-
vived normalisation and were further analysed for
differential expression.
Patients were stratified by response status (CR, PR and

NR). Transcript expression levels were compared with
normal kidney tissue and between responder groups to
identify gene signatures and/or pathways that differen-
tiated responders from NRs.
Descriptive statistics are presented as mean±SD or as a

percentage. For clinical variables, t tests, analysis of vari-
ance model or Wilcoxon rank-sum tests were applied as
appropriate, followed by Bonferroni correction for mul-
tiple comparisons. For categorical clinical variables,
Fisher’s exact test was used. Adjusted p values were
reported for each comparison and were considered sig-
nificant if <0.05.
A linear model was used to compare the gene expres-

sion of normal kidney tissue to LN biopsies from
patients who achieved a CR, PR or NR after induction
therapy, and also to directly compare gene expression
between the three LN responder groups. In order to
improve the estimates of variability and differential
expression, variance smoothing methods were
employed.16 p Values were adjusted by controlling the
mean number of false positives at 4 out of 400 genes (ie,
α=0.01). To be considered differentially expressed, at
least a twofold difference in transcript levels and a
p value <0.01 were required for any specific gene.
The RNA analysis for this cohort was conducted in

two batches with 9 samples in the first batch and 10
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samples in the second batch. The control samples were
the same for both batches. To prevent confounding
from batch effect, a batch effect adjustment was applied
for testing expression differences in the linear model
and to standardise the data across the batches.

Pathway analysis
Ingenuity Pathway Analysis (IPA, Qiagen) was used to
identify canonical pathways that were differentially
expressed between the treatment response groups and
controls, and between each treatment response group.
For each comparison, all 382 genes were analysed for
significance. For IPA analysis, transcripts with a p value
<0.05 and at least a 1.5-fold change were included in the
analysis. These criteria were used to include as many sig-
nificant differentially expressed and biologically relevant
genes as possible to enrich pathway analyses. Comparing
CR to control, 68 transcripts met the criteria and were
included in the analysis. Comparing NR to control, 138
transcripts met the criteria and were included in the
analysis. The Ingenuity Knowledge Base was used as the
reference set against which the significant transcripts
were compared for enrichment. Significance of upregu-
lated or downregulated pathways was determined using
Fisher’s exact test and is presented as the negative loga-
rithm of the p value (−log (p value)). A multiple correc-
tions test is not available for IPA; therefore, all values are
reported as unadjusted p values. The predicted activa-
tion state (upregulated or downregulated) of signifi-
cantly expressed pathways was determined by a z-score
algorithm that compared the gene expression data set
with the expected canonical pathway patterns (http://
ingenuity.force.com/ipa).

RESULTS
Characteristics of the LN cohort
The demographic, clinical and pathological character-
istics of the LN patients segregated by renal response
after initial therapy are given in table 1. The median
time to follow-up was 10 months (range 6–37 months).
All patients were Caucasian and Hispanic. Although the
clinical and histological findings at biopsy were generally
similar between response groups, NR had more protein-
uria at flare. Additionally, 40% of the flares in the CR
group were relapses, while in NR 75% were relapses
(p=NS). For relapsing patients, their prior flares
occurred two or more years prior to the current flare
event. Immunosuppressive treatment prior to the kidney
biopsy was similar between the groups. Two patients in
the CR group were on azathioprine prior to the kidney
biopsy while three patients were on prednisone only
(≤10 mg/day). In the NR group, one patient was not on
any immunosuppressive therapy prior to biopsy, two
were on prednisone only (≤10 mg/day) and one patient
was on azathioprine. For the PR group, four patients
were off immunosuppression at the time of kidney
biopsy, four patients were on prednisone only (≤20 mg/
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Figure 1 Principal component analysis (PCA) of immune response gene expression in kidney biopsies. (A) The PCA based on

gene expression data for complete responders (CRs), non-responders (NRs) and normal controls. The RNA analysis of this

biopsy set was conducted in two batches. A batch effect adjustment was applied to prevent confounding and both batches are

represented in the figure (batch 1, circles; batch 2, triangles). The normal controls were common to both batches. The PCA

shows that CR (except for one patient), NR and normal controls groups clustered separately from each other. (B) A factor loading

plot using flare data from CR and NR to identify the genes important for the clustering seen in the PCA. Principal component 1

(PC1) was used as it accounted for the highest proportion (35–50%) of variance. For each PC1 loading plot, only the top 20

genes ranked by absolute factor loadings for PC1 were selected. The plots show the top genes contributing to group clustering.
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day) and two patients were on azathioprine. Activity and
chronicity indices were not significantly different
between the responder groups. After induction treat-
ment, SCr and proteinuria improved in the CR and PR
groups, but SCr worsened in the NR group.
A principal component analysis (PCA) of immune

gene transcripts from normal kidney and the LN
responder groups was done (figure 1A). This showed
that normal controls clustered together and were sepa-
rated from the LN responder groups. Additionally, all
but one CR patient clustered together and separately
from NR. The individual patients of the PR group did
not cluster, but instead were distributed between the CR
and NR clusters (data not shown).
Factor-loading plots for each principal component

were created to identify the genes contributing to group
clustering.17 Because principal component 1 (PC1)
seemed to best associate with group clustering, the top
20 genes for PC1 were determined after batch adjust-
ment (figure 1B). The interferon-inducible genes
STAT1, IRF1, IRF7, MX1, STAT2 and JAK2 contributed
prominently to CR clustering. In addition, the prote-
asome genes PSMB8 and PSMB9, known to be induced
by gamma interferon,18 and the T cell co-stimulation
genes CD28 and ICOSLG were important for CR
clustering.
Contributing significantly to NR clustering were genes

for the complement components C1QBP, C1R, MASP,
C6, C9 and C5. Additionally, TGFBI, CEBPB and SPP1
were also important for NR clustering (figure 1B).
TGFBI is known to promote renal fibrosis and has previ-
ously been implicated in LN.19–21 CEBPB encodes the
CCAAT/enhancer binding protein-β and is necessary for
macrophage-mediated removal of apoptotic debris.22

Osteopontin (SPP1) is produced by various immune
cells and is important for regulating several aspects of
the immune system including T-helper cell balance and
B cell production of antibodies.23 Overexpression of
osteopontin has been implicated in the development of
murine LN24 and is associated with human systemic
lupus erythematosus (SLE).25

Immune gene expression profiles in kidney biopsies at LN
flare
Overall, 71 transcripts were differentially expressed in
LN kidneys compared with normal control kidneys
(figure 2). Of these, 19 transcripts were common to
each LN response type (figure 2). Transcripts with
altered expression in LN that were unique to each
response group are listed in table 2.
CR renal tissue showed three unique transcripts,

including human leukocyte antigen (HLA-A) and
interferon-induced helicase C domain protein 1 (IFIH1),
which were upregulated relative to control, and nuclear
factor of activated T cells, cytoplasmic 1 (NFATC1), which was
downregulated. IFIH1 is a cytoplasmic dsRNA sensor
important for activating interferon-alpha, and has been
shown to promote apoptosis, inflammation and

autoantibody production in SLE.26 NFATC1 regulates T
cell proliferation and differentiation and can be blocked
by calcineurin inhibitors.27

Seven transcripts were unique to PR, including
increased expression of complement factor B (CFB), and
decreased expression of interleukin-1 receptor-like-1
(IL1RL1) and FK506 binding protein (FKBP5) (table 2).
IL1RL1 is an IL-1 family member that binds IL-33 and
regulates nuclear factor (NF)-κB-mediated Th2 immune
responses.28 FKBP5 is an immunophilin family member
that binds tacrolimus and rapamycin and is important
for immune regulation.
Twenty transcripts were unique to NR, of which 12

were decreased relative to control and 8 were increased
(table 2). Transcripts with decreased expression
included fas-associated protein with death domain (FADD), a
regulator of apoptosis, programmed-death ligand 1 (CD274/
PD-L1), which regulates autoreactive T cell production,29

interleukin-6 signal transducer (IL-6ST) and IL-6 receptor
(IL-6R). Transcripts with increased expression in NR
kidneys included IL-1 receptor antagonist (IL1RN), a
natural antagonist of IL-1, chemokine C-X3-C motif recep-
tor 1 (CXCR1), the receptor for a chemokine involved in
migration and adhesion of leucocytes, and T cell activa-
tion GTPase activating protein (TAGAP), which plays a role
in T cell activation.30

When CR and NR were directly compared, five tran-
scripts were found to be differentially expressed between
these two extremes of clinical response. Membrane metal-
loendopeptidase (MME) (p=0.0034), a glycoprotein abun-
dant in the proximal tubule of the kidney, FADD

Figure 2 Differential renal gene expression at flare for each

lupus nephritis (LN) responder group compared with normal

kidney. The Venn diagram shows the number of common and

unique genes in each LN responder group. The 19 genes that

were differentially expressed between all LN groups and

normal tissue are listed. Twelve genes were upregulated and

seven genes were downregulated. Three genes were uniquely

expressed in the CR group compared with normal while seven

genes were uniquely expressed in the partial response (PR)

group. A 20-gene signature differentiated non-responders

(NR) from CR and PR groups.
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(p<0.0001) and CD274/PD-L1 (p=0.0002) were ≥2-fold
higher in CR. Complement component C1S (p=0.003)
and integrin beta-2 (ITGB2) (p=0.0007) were ≥2-fold
lower in CR versus NR.

RT-PCR measurement of selected transcripts
MME, ITGB2, MX1, STAT1 and CCL19 mRNA levels were
measured by RT-PCR and compared with the results
obtained using the ncounter platform on the same biop-
sies to confirm trends identified by Nanostring. The
selected transcripts were found to be differentially
expressed between LN groups and controls by
Nanostring, and the same trend in transcript expression
was observed using RT-PCR (see online supplementary
table S2).

Differentially regulated pathways at flare
To integrate all of the differentially expressed tissue tran-
scripts into immunological pathways that may be relevant
to kidney injury in LN, the expression differences of the
genes listed in table 2 were analysed by IPA and differen-
tially activated canonical signalling pathways were identi-
fied. Figure 3 shows the top differentially activated or
suppressed pathways in CR and NR compared with
control. Only immune pathways where an activation
status could be predicted were reported. Interferon sig-
nalling, complement and leucocyte extravasation path-
ways were predicted to be activated in CR and NR, while
PI3K signalling in B-lymphocytes was predicted to be
suppressed (figure 3). Pathway analysis also identified
several differences between CR and NR. For example, in

CR kidneys IL-6, NF-κB, B cell activating factor and toll-
like receptor (TLR) signalling were predicted to be acti-
vated, whereas in NR kidneys these same pathways were
predicted to be suppressed (figure 3).

DISCUSSION
The present work shows that the intrarenal transcript
expression profile of the diagnostic kidney biopsy in LN
differs between patients who had a rapid clinical
response to induction therapy and patients who did not.
This is the first study to examine the association of
future clinical renal response with the molecular profile
of the human LN kidney.
A subset of 19 immune response genes from the tran-

script panel used in this study was differentially
expressed in all LN biopsies compared with normal
kidney tissue. The protein products of these genes are
consistent with our current understanding of how the
immune system is dysregulated in SLE. For example, the
expression of interferon and complement genes was sig-
nificantly increased in LN kidneys, and both pathways
appear to be involved in the pathogenesis of SLE and
LN.31–38 Conversely, the expression of CEBPB was
decreased in LN kidneys. Because macrophages lacking
CEBPB do not remove apoptotic debris very well, such
debris may accumulate and contribute to kidney-specific
autoimmunity and autoantibody production.22 39–41

PCA of transcript expression revealed clustering of LN
flare groups compared with controls. Factor loading plots
of the PCA identified genes that were responsible for the

Table 2 Differentially expressed transcripts at flare in each lupus nephritis (LN) response group compared with normal

controls

Complete response group No response group Partial response group

Gene Fold change* p Value† Gene Fold change* p Value† Gene Fold change* p Value†

HLA-A 2.17 0.0007 LILRA3 2.23 0.0006 CFB 2.2 0

IFIH1 2.16 0.0003 CSF2RB 2.23 0 IL18R1 0.46 0

NFATC1 0.48 0.0002 TAGAP 2.21 0.0004 KIR2DL5A 0.46 0.0108

BTK 2.17 0.0004 NFKBIA 0.44 0

IL1RN 2.11 0.0099 TAL1 0.41 0

CX3CR1 2.07 0.0022 IL1RL1 0.41 0.0011

LCP2 2.01 0.0001 FKBP5 0.11 0

FCGR2C 2.01 0.0005

IGF2R 0.49 0

NOS2 0.49 0.0013

RELB 0.49 0.0118

FADD 0.47 0

PLAU4 0.47 0.0029

ITGA6 0.46 0

CD274 0.46 0.0001

IL6R 0.46 0.0001

IL6ST 0.46 0.0029

ICOSLG 0.45 0

BST1 0.44 0.0003

CD81 0.41 0

*LN compared with normal.
†LN compared with normal.
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separation in both CR and NR. Interferon-inducible
genes appeared to be most responsible for CR clustering
while complement genes seemed most responsible for
clustering in NR.
Direct comparison between CR and NR transcript

expression at flare yielded five differentially expressed
genes. The composition of this panel suggests that the

function or activity of several immune pathways may dis-
tinguish CR from NR. FADD was suppressed in NR com-
pared with CR. FADD binds Fas receptor after it is
engaged by fas-ligand (FasL) and activates an apoptosis
cascade through procaspases 8 and 10. Fas/FasL has pre-
viously been shown to be important for maintaining
immune tolerance through elimination of autoreactive

Figure 3 Canonical immune pathway expression in complete responders (CR) and non-responders (NRs) compared with

normal controls at flare. Using Ingenuity Pathway Analysis (IPA), the lupus nephritis (LN) flare groups were compared with

normal kidney based on differentially expressed genes. Only canonical pathways where activation status could be determined by

IPA were included. The bars reflect the p value for each pathway. The p value measures the likelihood that association between

the differentially expressed genes in the data set and the pathway is due to random chance. The smaller the p value, the taller

the bar in the figure, and the less likely the association is due to random chance. All the pathways represented had p values

<0.05 by right-tailed Fisher’s exact test and are considered statistically significant. (A) Pathways that were predicted to be

activated or suppressed in CR flares compared with normal controls. (B) Pathways that were predicted to be activated or

suppressed in NR flares compared with normal controls.
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lymphocytes.42 In murine models, Fas/FasL eradicate
autoreactive T and B cells from germinal centres of sec-
ondary lymphoid organs and deficiency in Fas or FasL
leads to lupus-like disease.43 44 Decreased FADD expres-
sion in NR may contribute to blunted tolerance and
inefficient clearing of apoptotic debris compared with
CR flares.
CD274/PD-L1 is a transmembrane protein that interacts

with the PD-1 receptor and regulates T cell co-stimulation.
It was suppressed in NR relative to CR. The PD-1:PD-L1
pathway is known to eliminate autoreactive T cells and
protect against autoimmunity.45 PD-1−/− mice develop
lupus-like disease including glomerulonephritis.46

Additionally, CD274/PD-L1 has been shown to play an
important role in T regulatory cell generation from naive
CD4 T cells.47 In human SLE, CD274/PD-L1 is suppressed
in flare but returns when disease is in remission.29 This
suggests that suppression of CD274/PD-L1 as seen in NR
may lead to unregulated autoreactive T cell activation and
defective tolerance compared with CR.
Complement is involved in all LN flares; however, the

increased expression of C1 components suggests the
classical pathway may be more active in NR flares.
Finally, increased expression of ITGB2, the integrin beta-
chain subunit for LFA-1, in NR compared with CR sug-
gests that DNA hypomethylation and unregulated T cell
activity may be more prominent in LN flares that end in
NR.48 LFA-1 overexpression is associated with T cell
DNA hypomethylation and has previously been impli-
cated in promoting autoreactivity and lupus-like disease
in experimental animals.49

In a second approach to distinguish future CR from
NR using the initial diagnostic biopsy, transcript profiles
from each group were analysed to identify differentially
activated pathways of immune-mediated kidney injury.
CR biopsies at flare were characterised by activation of
pro-inflammatory (IL-6, NF-κB, TLR signalling) and B
cell (BAFF and APRIL) pathways. These data are consist-
ent with the presumed pathogenesis of SLE and LN. In
contrast, and unexpectedly, while interferon and com-
plement were upregulated in NR, the same
pro-inflammatory and B cell pathways activated in CR
were suppressed in NR kidneys.
There are several potential reasons for the molecular

differences between CR and NR kidneys at flare. While
immunosuppressive medications at the time of biopsy
could be confounders, the NR and CR patients were on
similar types and levels of therapy at flare, so this seems
unlikely. The simplest explanation is that more CR
patients were new onset LN compared with NR, which
was mainly relapsing LN. Although not statistically sig-
nificant, NR had more chronic kidney damage than CR,
as reflected by the higher average value of the chronicity
index. While it is not clear how chronic parenchymal
injury may modify the acute inflammatory processes of
LN, relapsing LN may involve different injury pathways
than de novo LN and may require a different approach
to treatment.

Additionally, differences between CR and NR may be
due to the intrinsic molecular heterogeneity of LN. That
is, some LN may be driven more by autoreactive B cells
and NF-κB-dependent cytokines, while LN in other
patients may be more T cell dependent.36 Finally, the
timing of the biopsy relative to an individual’s point in
the LN flare cycle may contribute to differences
between CR and NR. Despite performing kidney biop-
sies on patients with similar clinical findings, it is gener-
ally not known when LN begins in any individual patient
with SLE. Furthermore, the progression of parenchymal
injury and the kidney’s response to injury at the molecu-
lar level is almost certainly variable between individuals.
Thus, patients who had a rapid clinical response to
standard-of-care therapy may have been biopsied earlier
in their LN flare than patients who did not respond
quickly, and at a time when NF-κB and B cells were
highly active. NRs may have evolved to have increased T
cell-dependent injury due to a continued inability to
remove autoreactive T cells as suggested by suppressed
FADD and CD274/PD-L1 expression and increased LFA-1
at biopsy.
It is likely that the duration of LN, its molecular het-

erogeneity and the timing of biopsy and treatment all
contribute to the discordant gene expression patterns in
CR and NR. No matter what the explanation, these find-
ings suggest that the pathways active at the time of
biopsy may influence response to conventional therapy.
Additionally, understanding the active molecular path-
ways in the kidney when initial treatment is being
decided could identify patients who would benefit from
novel therapies, such as anti-B cell drugs or drugs that
restore immune tolerance.
This study has limitations. The sample size is small

with four patients in the NR group and five patients in
the CR group. The LN cohort was Hispanic and from
Argentina, and the controls were from Ohio. It is pos-
sible that some of the molecular heterogeneity of the
kidney in LN is influenced by race/ethnicity. Therefore,
these results may not be generally applicable to all LN
patients. Additionally, whole kidney cortex was studied.
Because cortex is mostly tubulointerstitum, these data
mainly reflect events occurring in the interstitial com-
partment. There are likely important differences
between the glomeruli and tubulointerstitium. Finally,
because transcript expression does not necessarily cor-
relate with protein expression, proteomic evaluation of
clinical kidney biopsies could compliment transcript
analyses, especially when trying to identify new thera-
peutic targets.
Nonetheless, our data are consistent with and extend

previous studies demonstrating the molecular heterogen-
eity of LN.36 50–52 For example, in a study comparing
gene expression profiles of murine and human LN,
complement, dendritic cell activation, CTLA4 signalling
and antigen presentation pathways were differentially
expressed at flare,50 similar to the pathways we found to
be differentially expressed compared with controls.
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Additionally, another investigation using microarray ana-
lysis of murine kidneys at different disease stages showed
a significant increase in inflammatory gene expression
at the onset of proteinuria that improved with treatment
and returned to baseline levels at clinical remission.51 In
a recent repeat biopsy study of patients with active LN,
serum markers of inflammation increased at flare and
decreased after treatment when remission was achieved.
However, a poor histological response correlated with
higher IL-17 levels at flare and persistently elevated
IL-23 levels after treatment, suggesting that the IL-17/
IL-23 axis may be an important marker of response.53

In summary, these data support the use of molecular
pathology to analyse LN biopsies at the time of flare
diagnosis. Such analyses could identify patients less likely
to respond to standard-of-care therapy, who may do
better with a novel drug, and what the novel drug
should target. The addition of a molecular evaluation to
routine histology would facilitate the personalisation of
LN treatment and would be expected to improve short-
term response rates and decrease long-term chronic
kidney disease. As shown here, this approach is feasible
using routinely collected FFPE biopsies. The differen-
tially activated genes and pathways described here will
need to be verified in a larger population of patients of
different races and ethnicities.
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Supplemental Methods 1. RNA Extraction from FFPE Tissue 

 
RNeasy FFPE kit, catalog number 73504 from Qiagen Valencia, CA 91355 
 

Ten μM FFPE tissue sections in micro-centrifuge tubes were 

deparaffinized by mixing with xylene and washing with ethanol after residual 

xylene was removed. After all the residual ethanol was evaporated, proteinase K 

buffer and proteinase K were added to the samples and incubated at 56ºC for 15 

min and then 80 ºC for 15 min. After incubation, the lower, uncolored phase was 

transferred into a new micro-centrifuge tube and incubated on ice for 3 minutes. 

The supernatant was transferred to a new micro-centrifuge tube without 

disturbing the pellet. DNase Booster buffer and 10µl of DNase I stock was added 

to the sample. The mix was incubated at room temperature for 15 minutes to 

remove DNA. RBC buffer was added to the mix to adjust binding conditions, 

followed by 100% ethanol to precipitate RNA. RNA was added to RNeasy 

MinElute spin columns, washed and eluted in 14-30µl of RNase-free water. 

 

Supplemental Methods 2. Real-Time PCR Protocol 
 
High Capacity RNA-to-cDNA™ Kit, 4387406 
 
TaqMan PreAmp Master Mix Kit 4384267 
 

High Capacity RNA-to-cDNA Kit from Applied Biosystems/Life technology 

was used to generate cDNA for real-time (RT)-PCR. Total RNA (300 ng) was 

mixed with 10µl of 2X reverse transcriptase buffer, 1µl enzyme mix and adjusted 

to a final volume of 20µl. The reaction was mixed and incubated at 37ºC for 60 

minutes and then the reaction was stopped by heating to 95ºC for 5 minutes. 



cDNA was stored at -20 ºC until analyzed. Six sets of 20X Taqman assays, 

including one house-keeping gene and five target genes were pooled together by 

adding 2 µl of each assay and then diluted with 1X TE buffer to a final volume of 

200 µl. To perform the pre-amplification (preamp) reaction, 25 µl of preamp 

master mix was mixed with 12.5 µl of pooled assays and 12.5 µl of cDNA 

generated from the previous step. The mix was incubated at 95 ºC for 10 minutes 

for the initial step, and then at 95 ºC for 15 seconds and 60 ºC for 4 minutes for a 

total of 10 cycles. The preamp product was diluted 1:5 with TE buffer before use 

in the RT-PCR reaction. 5 µl of the diluted preamp product was mixed with 10 µl 

of 2X master mix and 1 µl of each 20X gene expression assay and this was 

adjusted to a final volume of 20 µl. The reaction mix was incubated in the RT-

PCR cycler at 50 ºC for 2 minutes, then 95 ºC for 10 minutes, and then the start 

cycle at 95 ºC for 15 seconds, 60 ºC for 1 minute for a total of 40 cycles. Data 

were collected and analyzed. 

 
 

 

 



Official Symbol Accession Official Full Name 

ABCB1 NM_000927.3 ATP-binding cassette, sub-family B (MDR/TAP), member 1 

ABL1 NM_005157.3 c-abl oncogene 1, non-receptor tyrosine kinase 

ADA NM_000022.2 adenosine deaminase 

AHR NM_001621.3 aryl hydrocarbon receptor 

AICDA NM_020661.1 activation-induced cytidine deaminase 

AIRE NM_000383.2 autoimmune regulator 

APP NM_000484.3 amyloid beta (A4) precursor protein 

ARG1 NM_000045.2 arginase, liver 

ARG2 NM_001172.3 arginase, type II 

ARHGDIB NM_001175.4 Rho GDP dissociation inhibitor (GDI) beta 

ATG10 NM_001131028.1 ATG10 autophagy related 10 homolog (S. cerevisiae) 

ATG12 NM_004707.2 ATG12 autophagy related 12 homolog (S. cerevisiae) 

ATG16L1 NM_198890.2 ATG16 autophagy related 16-like 1 (S. cerevisiae) 

ATG5 NM_004849.2 ATG5 autophagy related 5 homolog (S. cerevisiae) 

ATG7 NM_001136031.2 ATG7 autophagy related 7 homolog (S. cerevisiae) 

ATM NM_000051.3 ataxia telangiectasia mutated 

B2M NM_004048.2 beta-2-microglobulin 

B3GAT1 NM_018644.3 beta-1,3-glucuronyltransferase 1 (glucuronosyltransferase P) 

BATF NM_006399.3 basic leucine zipper transcription factor, ATF-like 

BATF3 NM_018664.2 basic leucine zipper transcription factor, ATF-like 3 

BAX NM_138761.3 BCL2-associated X protein 

BCAP31 NM_005745.7 B-cell receptor-associated protein 31 

BCL10 NM_003921.2 B-cell CLL/lymphoma 10 

BCL2 NM_000657.2 B-cell CLL/lymphoma 2 

BCL2L11 NM_138621.4 BCL2-like 11 (apoptosis facilitator) 

BCL3 NM_005178.2 B-cell CLL/lymphoma 3 

BCL6 NM_001706.2 B-cell CLL/lymphoma 6 

BID NM_001196.2 BH3 interacting domain death agonist 

BLNK NM_013314.2 B-cell linker 

BST1 NM_004334.2 bone marrow stromal cell antigen 1 

BST2 NM_004335.2 bone marrow stromal cell antigen 2 

BTK NM_000061.1 Bruton agammaglobulinemia tyrosine kinase 

BTLA NM_181780.2 B and T lymphocyte associated 

C14orf166 NM_016039.2 chromosome 14 open reading frame 166 

C1QA NM_015991.2 complement component 1, q subcomponent, A chain 

C1QB NM_000491.3 complement component 1, q subcomponent, B chain 

C1QBP NM_001212.3 complement component 1, q subcomponent binding protein 

C1R NM_001733.4 complement component 1, r subcomponent 

C1S NM_001734.2 complement component 1, s subcomponent 

C2 NM_000063.3 complement component 2 

C3 NM_000064.2 complement component 3 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000927.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_005157.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000022.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001621.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_020661.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000383.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000484.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000045.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001172.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001175.4
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001131028.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_004707.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_198890.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_004849.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001136031.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000051.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_004048.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_018644.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_006399.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_018664.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_138761.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_005745.7
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_003921.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000657.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_138621.4
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_005178.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001706.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001196.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_013314.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_004334.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_004335.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000061.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_181780.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_016039.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_015991.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000491.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001212.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001733.4
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001734.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000063.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000064.2


C4A/B NM_007293.2 complement component 4A (Rodgers blood group)/complement component 4B (Chido blood group) 

C4BPA NM_000715.3 complement component 4 binding protein, alpha 

C5 NM_001735.2 complement component 5 

C6 NM_000065.2 complement component 6 

C7 NM_000587.2 complement component 7 

C8A NM_000562.2 complement component 8, alpha polypeptide 

C8B NM_000066.2 complement component 8, beta polypeptide 

C8G NM_000606.2 complement component 8, gamma polypeptide 

C9 NM_001737.3 complement component 9 

CAMP NM_004345.3 cathelicidin antimicrobial peptide 

CARD9 NM_052813.4 caspase recruitment domain family, member 9 

CASP1 NM_001223.3 caspase 1, apoptosis-related cysteine peptidase (interleukin 1, beta, convertase) 

CASP10 NM_032977.3 caspase 10, apoptosis-related cysteine peptidase 

CASP2 NM_032982.2 caspase 2, apoptosis-related cysteine peptidase 

CASP3 NM_032991.2 caspase 3, apoptosis-related cysteine peptidase 

CASP8 NM_001228.4 caspase 8, apoptosis-related cysteine peptidase 

CCBP2 NM_001296.3 chemokine binding protein 2 

CCL11 NM_002986.2 chemokine (C-C motif) ligand 11 

CCL13 NM_005408.2 chemokine (C-C motif) ligand 13 

CCL15 NM_032965.3 chemokine (C-C motif) ligand 15 

CCL16 NM_004590.2 chemokine (C-C motif) ligand 16 

CCL18 NM_002988.2 chemokine (C-C motif) ligand 18 (pulmonary and activation-regulated) 

CCL19 NM_006274.2 chemokine (C-C motif) ligand 19 

CCL2 NM_002982.3 chemokine (C-C motif) ligand 2 

CCL20 NM_004591.1 chemokine (C-C motif) ligand 20 

CCL22 NM_002990.3 chemokine (C-C motif) ligand 22 

CCL23 NM_145898.1 chemokine (C-C motif) ligand 23 

CCL24 NM_002991.2 chemokine (C-C motif) ligand 24 

CCL26 NM_006072.4 chemokine (C-C motif) ligand 26 

CCL3 NM_002983.2 chemokine (C-C motif) ligand 3 

CCL4 NM_002984.2 chemokine (C-C motif) ligand 4 

CCL5 NM_002985.2 chemokine (C-C motif) ligand 5 

CCL7 NM_006273.2 chemokine (C-C motif) ligand 7 

CCL8 NM_005623.2 chemokine (C-C motif) ligand 8 

CCND3 NM_001760.2 cyclin D3 

CCR1 NM_001295.2 chemokine (C-C motif) receptor 1 

CCR10 NM_016602.2 chemokine (C-C motif) receptor 10 

CCR2 NM_001123041.2 chemokine (C-C motif) receptor 2 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_007293.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000715.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001735.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000065.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000587.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000562.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000066.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000606.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001737.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_004345.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_052813.4
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001223.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_032977.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_032982.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_032991.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001228.4
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001296.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_002986.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_005408.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_032965.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_004590.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_002988.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_006274.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_002982.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_004591.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_002990.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_145898.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_002991.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_006072.4
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_002983.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_002984.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_002985.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_006273.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_005623.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001760.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001295.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_016602.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001123041.2


CCR5 NM_000579.1 chemokine (C-C motif) receptor 5 

CCR6 NM_031409.2 chemokine (C-C motif) receptor 6 

CCR7 NM_001838.2 chemokine (C-C motif) receptor 7 

CCR8 NM_005201.2 chemokine (C-C motif) receptor 8 

CCRL1 NM_016557.2 chemokine (C-C motif) receptor-like 1 

CCRL2 NM_003965.4 chemokine (C-C motif) receptor-like 2 

CD14 NM_000591.2 CD14 molecule 

CD160 NM_007053.2 CD160 molecule 

CD163 NM_004244.4 CD163 molecule 

CD164 NM_006016.4 CD164 molecule, sialomucin 

CD19 NM_001770.4 CD19 molecule 

CD1A NM_001763.2 CD1a molecule 

CD1D NM_001766.3 CD1d molecule 

CD2 NM_001767.3 CD2 molecule 

CD209 NM_021155.2 CD209 molecule 

CD22 NM_001771.2 CD22 molecule 

CD24 NM_013230.2 CD24 molecule 

CD244 NM_016382.2 CD244 molecule, natural killer cell receptor 2B4 

CD247 NM_198053.1 CD247 molecule 

CD27 NM_001242.4 CD27 molecule 

CD274 NM_014143.3 CD274 molecule 

CD276 NM_001024736.1 CD276 molecule 

CD28 NM_001243078.1 CD28 molecule 

CD34 NM_001025109.1 CD34 molecule 

CD36 NM_001001548.2 CD36 molecule (thrombospondin receptor) 

CD3D NM_000732.4 CD3d molecule, delta (CD3-TCR complex) 

CD3E NM_000733.2 CD3e molecule, epsilon (CD3-TCR complex) 

CD3EAP NM_012099.1 CD3e molecule, epsilon associated protein 

CD4 NM_000616.4 CD4 molecule 

CD40 NM_001250.4 CD40 molecule, TNF receptor superfamily member 5 

CD40LG NM_000074.2 CD40 ligand 

CD44 NM_001001392.1 CD44 molecule (Indian blood group) 

CD46 NM_172350.1 CD46 molecule, complement regulatory protein 

CD48 NM_001778.2 CD48 molecule 

CD5 NM_014207.2 CD5 molecule 

CD53 NM_001040033.1 CD53 molecule 

CD55 NM_000574.3 CD55 molecule, decay accelerating factor for complement (Cromer blood group) 

CD58 NM_001779.2 CD58 molecule 

http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000579.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_031409.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_001838.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_005201.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_016557.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_003965.4
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_000591.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_007053.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=NM_004244.4
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CD59 NM_000611.4 CD59 molecule, complement regulatory protein 

CD6 NM_006725.3 CD6 molecule 

CD7 NM_006137.6 CD7 molecule 

CD70 NM_001252.2 CD70 molecule 

CD74 NM_001025159.1 CD74 molecule, major histocompatibility complex, class II invariant chain 

CD79A NM_001783.3 CD79a molecule, immunoglobulin-associated alpha 

CD79B NM_021602.2 CD79b molecule, immunoglobulin-associated beta 

CD80 NM_005191.3 CD80 molecule 

CD81 NM_004356.3 CD81 molecule 

CD82 NM_002231.3 CD82 molecule 

CD83 NM_004233.3 CD83 molecule 

CD86 NM_175862.3 CD86 molecule 

CD8A NM_001768.5 CD8a molecule 

CD8B NM_004931.3 CD8b molecule 

CD9 NM_001769.2 CD9 molecule 

CD96 NM_005816.4 CD96 molecule 

CD97 NM_078481.2 CD97 molecule 

CD99 NM_002414.3 CD99 molecule 

CDH5 NM_001795.3 cadherin 5, type 2 (vascular endothelium) 

CDKN1A NM_000389.2 cyclin-dependent kinase inhibitor 1A (p21, Cip1) 

CEACAM1 NM_001712.3 carcinoembryonic antigen-related cell adhesion molecule 1 (biliary glycoprotein) 

CEACAM6 NM_002483.4 carcinoembryonic antigen-related cell adhesion molecule 6 (non-specific cross reacting antigen) 

CEACAM8 NM_001816.3 carcinoembryonic antigen-related cell adhesion molecule 8 

CEBPB NM_005194.2 CCAAT/enhancer binding protein (C/EBP), beta 

CFB NM_001710.5 complement factor B 

CFD NM_001928.2 complement factor D (adipsin) 

CFH NM_001014975.2 complement factor H 

CFI NM_000204.3 complement factor I 

CFP NM_002621.2 complement factor properdin 

CHUK NM_001278.3 conserved helix-loop-helix ubiquitous kinase 

CIITA NM_000246.3 class II, major histocompatibility complex, transactivator 

CISH NM_145071.2 cytokine inducible SH2-containing protein 

CLEC4A NM_194448.2 C-type lectin domain family 4, member A 

CLEC4E NM_014358.2 C-type lectin domain family 4, member E 

CLEC5A NM_013252.2 C-type lectin domain family 5, member A 

CLEC6A NM_001007033.1 C-type lectin domain family 6, member A 

CLEC7A NM_197954.2 C-type lectin domain family 7, member A 

CLU NM_001831.2 clusterin 
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CMKLR1 NM_004072.1 chemokine-like receptor 1 

CR1 NM_000651.4 complement component (3b/4b) receptor 1 (Knops blood group) 

CR2 NM_001006658.1 complement component (3d/Epstein Barr virus) receptor 2 

CRADD NM_003805.3 CASP2 and RIPK1 domain containing adaptor with death domain 

CSF1 NM_000757.4 colony stimulating factor 1 (macrophage) 

CSF1R NM_005211.2 colony stimulating factor 1 receptor 

CSF2 NM_000758.2 colony stimulating factor 2 (granulocyte-macrophage) 

CSF2RB NM_000395.2 colony stimulating factor 2 receptor, beta, low-affinity (granulocyte-macrophage) 

CSF3R NM_156038.2 colony stimulating factor 3 receptor (granulocyte) 

CTLA4_all (common probe) NM_005214.3 cytotoxic T-lymphocyte-associated protein 4 

CTLA4-TM (membrane-bound form) NM_005214.3 cytotoxic T-lymphocyte-associated protein 4 

sCTLA4 (soluble form) NM_001037631.1 cytotoxic T-lymphocyte-associated protein 4 

CTNNB1 NM_001098210.1 catenin (cadherin-associated protein), beta 1, 88kDa 

CTSC NM_001814.4 cathepsin C 

CTSG NM_001911.2 cathepsin G 

CTSS NM_004079.3 cathepsin S 

CUL9 NM_015089.2 cullin 9 

CX3CL1 NM_002996.3 chemokine (C-X3-C motif) ligand 1 

CX3CR1 NM_001337.3 chemokine (C-X3-C motif) receptor 1 

CXCL1 NM_001511.1 chemokine (C-X-C motif) ligand 1 (melanoma growth stimulating activity, alpha) 

CXCL10 NM_001565.1 chemokine (C-X-C motif) ligand 10 

CXCL11 NM_005409.4 chemokine (C-X-C motif) ligand 11 

CXCL12 NM_000609.5 chemokine (C-X-C motif) ligand 12 

CXCL13 NM_006419.2 chemokine (C-X-C motif) ligand 13 

CXCL2 NM_002089.3 chemokine (C-X-C motif) ligand 2 

CXCL9 NM_002416.1 chemokine (C-X-C motif) ligand 9 

CXCR1 NM_000634.2 chemokine (C-X-C motif) receptor 1 

CXCR2 NM_001557.2 chemokine (C-X-C motif) receptor 2 

CXCR3 NM_001504.1 chemokine (C-X-C motif) receptor 3 

CXCR4 NM_003467.2 chemokine (C-X-C motif) receptor 4 

CXCR6 NM_006564.1 chemokine (C-X-C motif) receptor 6 

CYBB NM_000397.3 cytochrome b-245, beta polypeptide 

DEFB1 NM_005218.3 defensin, beta 1 

DEFB103A NM_001081551.2 defensin, beta 103A 

DEFB103B NM_018661.3 defensin, beta 103B 

DEFB4A NM_004942.2 defensin, beta 4A 

DPP4 NM_001935.3 dipeptidyl-peptidase 4 

DUSP4 NM_057158.2 dual specificity phosphatase 4 
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EBI3 NM_005755.2 Epstein-Barr virus induced 3 

EDNRB NM_003991.2 endothelin receptor type B 

EGR1 NM_001964.2 early growth response 1 

EGR2 NM_000399.3 early growth response 2 

ENTPD1 NM_001098175.1 ectonucleoside triphosphate diphosphohydrolase 1 

EOMES NM_005442.2 eomesodermin 

ETS1 NM_005238.3 v-ets erythroblastosis virus E26 oncogene homolog 1 (avian) 

FADD NM_003824.2 Fas (TNFRSF6)-associated via death domain 

FAS NM_000043.3 Fas (TNF receptor superfamily, member 6) 

FCAR NM_133280.1 Fc fragment of IgA, receptor for 

FCER1A NM_002001.2 Fc fragment of IgE, high affinity I, receptor for; alpha polypeptide 

FCER1G NM_004106.1 Fc fragment of IgE, high affinity I, receptor for; gamma polypeptide 

FCGR1A/B NM_000566.3 Fc fragment of IgG, high affinity Ia, receptor (CD64)/Fc fragment of IgG, high affinity Ib, receptor (CD64) 

FCGR2A NM_021642.3 Fc fragment of IgG, low affinity IIa, receptor (CD32) 

FCGR2A/C NM_201563.4 Fc fragment of IgG, low affinity IIa, receptor (CD32)/Fc fragment of IgG, low affinity IIc, receptor for (CD32) 

FCGR2B NM_001002273.1 Fc fragment of IgG, low affinity IIb, receptor (CD32) 

FCGR3A/B NM_000570.4 Fc fragment of IgG, low affinity IIIa, receptor (CD16a)/Fc fragment of IgG, low affinity IIIb, receptor (CD16a) 

FCGRT NM_004107.4 Fc fragment of IgG, receptor, transporter, alpha 

FKBP5 NM_001145775.1 FK506 binding protein 5 

FN1 NM_212482.1 fibronectin 1 

FOXP3 NM_014009.3 forkhead box P3 

FYN NM_002037.3 FYN oncogene related to SRC, FGR, YES 

GATA3 NM_001002295.1 GATA binding protein 3 

GBP1 NM_002053.1 guanylate binding protein 1, interferon-inducible 

GBP5 NM_052942.3 guanylate binding protein 5 

GFI1 NM_005263.2 growth factor independent 1 transcription repressor 

GNLY NM_006433.2 granulysin 

GP1BB NM_000407.4 glycoprotein Ib (platelet), beta polypeptide 

GPI NM_000175.2 glucose-6-phosphate isomerase 

GPR183 NM_004951.3 G protein-coupled receptor 183 

GZMA NM_006144.2 granzyme A (granzyme 1, cytotoxic T-lymphocyte-associated serine esterase 3) 

GZMB NM_004131.3 granzyme B (granzyme 2, cytotoxic T-lymphocyte-associated serine esterase 1) 

GZMK NM_002104.2 granzyme K (granzyme 3; tryptase II) 

HAMP NM_021175.2 hepcidin antimicrobial peptide 

HAVCR2 NM_032782.3 hepatitis A virus cellular receptor 2 

HFE NM_139011.2 hemochromatosis 

HLA-A NM_002116.5 major histocompatibility complex, class I, A 

HLA-B NM_005514.6 major histocompatibility complex, class I, B 
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HLA-C NM_002117.4 major histocompatibility complex, class I, C 

HLA-DMA NM_006120.3 major histocompatibility complex, class II, DM alpha 

HLA-DMB NM_002118.3 major histocompatibility complex, class II, DM beta 

HLA-DOB NM_002120.3 major histocompatibility complex, class II, DO beta 

HLA-DPA1 NM_033554.2 major histocompatibility complex, class II, DP alpha 1 

HLA-DPB1 NM_002121.4 major histocompatibility complex, class II, DP beta 1 

HLA-DQA1 NM_002122.3 major histocompatibility complex, class II, DQ alpha 1 

HLA-DQB1 NM_002123.3 major histocompatibility complex, class II, DQ beta 1 

HLA-DRA NM_019111.3 major histocompatibility complex, class II, DR alpha 

HLA-DRB1 NM_002124.2 major histocompatibility complex, class II, DR beta 1 

HLA-DRB3 NM_022555.3 major histocompatibility complex, class II, DR beta 3 

HRAS NM_005343.2 v-Ha-ras Harvey rat sarcoma viral oncogene homolog 

ICAM1 NM_000201.2 intercellular adhesion molecule 1 

ICAM2 NM_000873.3 intercellular adhesion molecule 2 

ICAM3 NM_002162.3 intercellular adhesion molecule 3 

ICAM4 NM_001039132.1 intercellular adhesion molecule 4 (Landsteiner-Wiener blood group) 

ICAM5 NM_003259.3 intercellular adhesion molecule 5, telencephalin 

ICOS NM_012092.2 inducible T-cell co-stimulator 

ICOSLG NM_015259.4 inducible T-cell co-stimulator ligand 

IDO1 NM_002164.3 indoleamine 2,3-dioxygenase 1 

IFI16 NM_005531.1 interferon, gamma-inducible protein 16 

IFI35 NM_005533.3 interferon-induced protein 35 

IFIH1 NM_022168.2 interferon induced with helicase C domain 1 

IFIT2 NM_001547.4 interferon-induced protein with tetratricopeptide repeats 2 

IFITM1 NM_003641.3 interferon induced transmembrane protein 1 (9-27) 

IFNA1/13 NM_024013.1 interferon, alpha 1/interferon, alpha 13 

IFNA2 NM_000605.3 interferon, alpha 2 

IFNAR1 NM_000629.2 interferon (alpha, beta and omega) receptor 1 

IFNAR2 NM_000874.3 interferon (alpha, beta and omega) receptor 2 

IFNB1 NM_002176.2 interferon, beta 1, fibroblast 

IFNG NM_000619.2 interferon, gamma 

IFNGR1 NM_000416.1 interferon gamma receptor 1 

IGF2R NM_000876.1 insulin-like growth factor 2 receptor 

IKBKAP NM_003640.3 inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase complex-associated protein 

IKBKB NM_001556.1 inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase beta 

IKBKE NM_014002.2 inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase epsilon 

IKBKG NM_003639.2 inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase gamma 

IKZF1 NM_006060.3 IKAROS family zinc finger 1 (Ikaros) 
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IKZF2 NM_016260.2 IKAROS family zinc finger 2 (Helios) 

IKZF3 NM_183232.2 IKAROS family zinc finger 3 (Aiolos) 

IL10 NM_000572.2 interleukin 10 

IL10RA NM_001558.2 interleukin 10 receptor, alpha 

IL11RA NM_147162.1 interleukin 11 receptor, alpha 

IL12A NM_000882.2 interleukin 12A (natural killer cell stimulatory factor 1, cytotoxic lymphocyte maturation factor 1, p35) 

IL12B NM_002187.2 interleukin 12B (natural killer cell stimulatory factor 2, cytotoxic lymphocyte maturation factor 2, p40) 

IL12RB1 NM_005535.1 interleukin 12 receptor, beta 1 

IL13 NM_002188.2 interleukin 13 

IL13RA1 NM_001560.2 interleukin 13 receptor, alpha 1 

IL15 NM_172174.1 interleukin 15 

IL16 NM_004513.4 interleukin 16 

IL17A NM_002190.2 interleukin 17A 

IL17B NM_014443.2 interleukin 17B 

IL17F NM_052872.3 interleukin 17F 

IL18 NM_001562.2 interleukin 18 (interferon-gamma-inducing factor) 

IL18R1 NM_003855.2 interleukin 18 receptor 1 

IL18RAP NM_003853.2 interleukin 18 receptor accessory protein 

IL19 NM_013371.3 interleukin 19 

IL1A NM_000575.3 interleukin 1, alpha 

IL1B NM_000576.2 interleukin 1, beta 

IL1R1 NM_000877.2 interleukin 1 receptor, type I 

IL1R2 NM_173343.1 interleukin 1 receptor, type II 

IL1RAP NM_002182.2 interleukin 1 receptor accessory protein 

IL1RL1 NM_016232.4 interleukin 1 receptor-like 1 

IL1RL2 NM_003854.2 interleukin 1 receptor-like 2 

IL1RN NM_000577.3 interleukin 1 receptor antagonist 

IL2 NM_000586.2 interleukin 2 

IL20 NM_018724.3 interleukin 20 

IL21 NM_021803.2 interleukin 21 

IL21R NM_021798.2 interleukin 21 receptor 

IL22 NM_020525.4 interleukin 22 

IL22RA2 NM_181310.1 interleukin 22 receptor, alpha 2 

IL23A NM_016584.2 interleukin 23, alpha subunit p19 

IL23R NM_144701.2 interleukin 23 receptor 

IL26 NM_018402.1 interleukin 26 

IL27 NM_145659.3 interleukin 27 

IL28A NM_172138.1 interleukin 28A (interferon, lambda 2) 
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IL28A/B NM_172139.2 interleukin 28A (interferon, lambda 2)/interleukin 28B (interferon, lambda 3) 

IL29 NM_172140.1 interleukin 29 (interferon, lambda 1) 

IL2RA NM_000417.1 interleukin 2 receptor, alpha 

IL2RB NM_000878.2 interleukin 2 receptor, beta 

IL2RG NM_000206.1 interleukin 2 receptor, gamma 

IL3 NM_000588.3 interleukin 3 (colony-stimulating factor, multiple) 

IL32 NM_001012633.1 interleukin 32 

IL4 NM_000589.2 interleukin 4 

IL4R NM_000418.2 interleukin 4 receptor 

IL5 NM_000879.2 interleukin 5 (colony-stimulating factor, eosinophil) 

IL6 NM_000600.1 interleukin 6 (interferon, beta 2) 

IL6R NM_000565.2 interleukin 6 receptor 

IL6ST NM_002184.2 interleukin 6 signal transducer (gp130, oncostatin M receptor) 

IL7 NM_000880.2 interleukin 7 

IL7R NM_002185.2 interleukin 7 receptor 

IL8 NM_000584.2 interleukin 8 

IL9 NM_000590.1 interleukin 9 

ILF3 NM_001137673.1 interleukin enhancer binding factor 3, 90kDa 

IRAK1 NM_001569.3 interleukin-1 receptor-associated kinase 1 

IRAK2 NM_001570.3 interleukin-1 receptor-associated kinase 2 

IRAK3 NM_007199.1 interleukin-1 receptor-associated kinase 3 

IRAK4 NM_016123.1 interleukin-1 receptor-associated kinase 4 

IRF1 NM_002198.1 interferon regulatory factor 1 

IRF3 NM_001571.5 interferon regulatory factor 3 

IRF4 NM_002460.1 interferon regulatory factor 4 

IRF5 NM_002200.3 interferon regulatory factor 5 

IRF7 NM_001572.3 interferon regulatory factor 7 

IRF8 NM_002163.2 interferon regulatory factor 8 

IRGM NM_001145805.1 immunity-related GTPase family, M 

ITGA2B NM_000419.3 integrin, alpha 2b (platelet glycoprotein IIb of IIb/IIIa complex, antigen CD41) 

ITGA4 NM_000885.4 integrin, alpha 4 (antigen CD49D, alpha 4 subunit of VLA-4 receptor) 

ITGA5 NM_002205.2 integrin, alpha 5 (fibronectin receptor, alpha polypeptide) 

ITGA6 NM_000210.1 integrin, alpha 6 

ITGAE NM_002208.4 integrin, alpha E (antigen CD103, human mucosal lymphocyte antigen 1; alpha polypeptide) 

ITGAL NM_002209.2 integrin, alpha L (antigen CD11A (p180), lymphocyte function-associated antigen 1; alpha polypeptide) 

ITGAM NM_000632.3 integrin, alpha M (complement component 3 receptor 3 subunit) 

ITGAX NM_000887.3 integrin, alpha X (complement component 3 receptor 4 subunit) 

ITGB1 NM_033666.2 integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen CD29 includes MDF2, MSK12) 
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ITGB2 NM_000211.2 integrin, beta 2 (complement component 3 receptor 3 and 4 subunit) 

ITLN1 NM_017625.2 intelectin 1 (galactofuranose binding) 

ITLN2 NM_080878.2 intelectin 2 

JAK1 NM_002227.1 Janus kinase 1 

JAK2 NM_004972.2 Janus kinase 2 

JAK3 NM_000215.2 Janus kinase 3 

KCNJ2 NM_000891.2 potassium inwardly-rectifying channel, subfamily J, member 2 

KIR_Activating_Subgroup_1 NM_001083539.1 killer cell immunoglobulin-like receptor 

KIR_Activating_Subgroup_2 NM_014512.1 killer cell immunoglobulin-like receptor 

KIR_Inhibiting_Subgroup_1 NM_014218.2 killer cell immunoglobulin-like receptor 

KIR_Inhibiting_Subgroup_2 NM_014511.3 killer cell immunoglobulin-like receptor 

KIR3DL1 NM_013289.2 killer cell immunoglobulin-like receptor, three domains, long cytoplasmic tail, 1 

KIR3DL2 NM_006737.2 killer cell immunoglobulin-like receptor, three domains, long cytoplasmic tail, 2 

KIR3DL3 NM_153443.3 killer cell immunoglobulin-like receptor, three domains, long cytoplasmic tail, 3 

KIT NM_000222.2 v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog 

KLRAP1 NR_028045.1 killer cell lectin-like receptor subfamily A pseudogene 1 

KLRB1 NM_002258.2 killer cell lectin-like receptor subfamily B, member 1 

KLRC1 NM_002259.3 killer cell lectin-like receptor subfamily C, member 1 

KLRC2 NM_002260.3 killer cell lectin-like receptor subfamily C, member 2 

KLRC3 NM_007333.2 killer cell lectin-like receptor subfamily C, member 3 

KLRC4 NM_013431.2 killer cell lectin-like receptor subfamily C, member 4 

KLRD1 NM_002262.3 killer cell lectin-like receptor subfamily D, member 1 

KLRF1 NM_016523.1 killer cell lectin-like receptor subfamily F, member 1 

KLRF2 NM_001190765.1 killer cell lectin-like receptor subfamily F, member 2 

KLRG1 NM_005810.3 killer cell lectin-like receptor subfamily G, member 1 

KLRG2 NM_198508.2 killer cell lectin-like receptor subfamily G, member 2 

KLRK1 NM_007360.1 killer cell lectin-like receptor subfamily K, member 1 

LAG3 NM_002286.5 lymphocyte-activation gene 3 

LAIR1 NM_002287.3 leukocyte-associated immunoglobulin-like receptor 1 

LAMP3 NM_014398.3 lysosomal-associated membrane protein 3 

LCK NM_005356.2 lymphocyte-specific protein tyrosine kinase 

LCP2 NM_005565.3 lymphocyte cytosolic protein 2 (SH2 domain containing leukocyte protein of 76kDa) 

LEF1 NM_016269.3 lymphoid enhancer-binding factor 1 

LGALS3 NM_001177388.1 lectin, galactoside-binding, soluble, 3 

LIF NM_002309.3 leukemia inhibitory factor (cholinergic differentiation factor) 

LILRA1 NM_006863.1 leukocyte immunoglobulin-like receptor, subfamily A (with TM domain), member 1 

LILRA2 NM_006866.2 leukocyte immunoglobulin-like receptor, subfamily A (with TM domain), member 2 

LILRA3 NM_006865.3 leukocyte immunoglobulin-like receptor, subfamily A (without TM domain), member 3 
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LILRA4 NM_012276.3 leukocyte immunoglobulin-like receptor, subfamily A (with TM domain), member 4 

LILRA5 NM_181879.2 leukocyte immunoglobulin-like receptor, subfamily A (with TM domain), member 5 

LILRA6 NM_024318.2 leukocyte immunoglobulin-like receptor, subfamily A (with TM domain), member 6 

LILRB1 NM_001081637.1 leukocyte immunoglobulin-like receptor, subfamily B (with TM and ITIM domains), member 1 

LILRB2 NM_005874.1 leukocyte immunoglobulin-like receptor, subfamily B (with TM and ITIM domains), member 2 

LILRB3 NM_006864.2 leukocyte immunoglobulin-like receptor, subfamily B (with TM and ITIM domains), member 3 

LILRB4 NM_001081438.1 leukocyte immunoglobulin-like receptor, subfamily B (with TM and ITIM domains), member 4 

LILRB5 NM_001081442.1 leukocyte immunoglobulin-like receptor, subfamily B (with TM and ITIM domains), member 5 

LITAF NM_004862.3 lipopolysaccharide-induced TNF factor 

LTA NM_000595.2 lymphotoxin alpha (TNF superfamily, member 1) 

LTB4R NM_181657.3 leukotriene B4 receptor 

LTB4R2 NM_019839.4 leukotriene B4 receptor 2 

LTBR NM_002342.1 lymphotoxin beta receptor (TNFR superfamily, member 3) 

LTF NM_002343.2 lactotransferrin 

LY96 NM_015364.2 lymphocyte antigen 96 

MAF NM_005360.4 v-maf musculoaponeurotic fibrosarcoma oncogene homolog (avian) 

MALT1 NM_006785.2 mucosa associated lymphoid tissue lymphoma translocation gene 1 

MAP4K1 NM_007181.3 mitogen-activated protein kinase kinase kinase kinase 1 

MAP4K2 NM_004579.2 mitogen-activated protein kinase kinase kinase kinase 2 

MAP4K4 NM_004834.3 mitogen-activated protein kinase kinase kinase kinase 4 

MAPK1 NM_138957.2 mitogen-activated protein kinase 1 

MAPK11 NM_002751.5 mitogen-activated protein kinase 11 

MAPK14 NM_001315.1 mitogen-activated protein kinase 14 

MAPKAPK2 NM_004759.3 mitogen-activated protein kinase-activated protein kinase 2 

MARCO NM_006770.3 macrophage receptor with collagenous structure 

MASP1 NM_139125.3 mannan-binding lectin serine peptidase 1 (C4/C2 activating component of Ra-reactive factor) 

MASP2 NM_139208.1 mannan-binding lectin serine peptidase 2 

MBL2 NM_000242.2 mannose-binding lectin (protein C) 2, soluble 

MBP NM_002385.2 myelin basic protein 

MCL1 NM_021960.3 myeloid cell leukemia sequence 1 (BCL2-related) 

MIF NM_002415.1 macrophage migration inhibitory factor (glycosylation-inhibiting factor) 

MME NM_000902.2 membrane metallo-endopeptidase 

MR1 NM_001531.2 major histocompatibility complex, class I-related 

MRC1 NM_002438.2 mannose receptor, C type 1 

MS4A1 NM_152866.2 membrane-spanning 4-domains, subfamily A, member 1 

MSR1 NM_002445.3 macrophage scavenger receptor 1 

MUC1 NM_001018017.1 mucin 1, cell surface associated 

MX1 NM_002462.2 myxovirus (influenza virus) resistance 1, interferon-inducible protein p78 (mouse) 
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MYD88 NM_002468.3 myeloid differentiation primary response gene (88) 

NCAM1 NM_000615.5 neural cell adhesion molecule 1 

NCF4 NM_000631.4 neutrophil cytosolic factor 4, 40kDa 

NCR1 NM_004829.5 natural cytotoxicity triggering receptor 1 

NFATC1 NM_172389.1 nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 1 

NFATC2 NM_012340.3 nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 2 

NFATC3 NM_004555.2 nuclear factor of activated T-cells, cytoplasmic, calcineurin-dependent 3 

NFIL3 NM_005384.2 nuclear factor, interleukin 3 regulated 

NFKB1 NM_003998.2 nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 

NFKB2 NM_002502.2 nuclear factor of kappa light polypeptide gene enhancer in B-cells 2 (p49/p100) 

NFKBIA NM_020529.1 nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha 

NFKBIZ NM_001005474.1 nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, zeta 

NLRP3 NM_001079821.2 NLR family, pyrin domain containing 3 

NOD1 NM_006092.1 nucleotide-binding oligomerization domain containing 1 

NOD2 NM_022162.1 nucleotide-binding oligomerization domain containing 2 

NOS2 NM_000625.4 nitric oxide synthase 2, inducible 

NOTCH1 NM_017617.3 notch 1 

NOTCH2 NM_024408.3 notch 2 

NT5E NM_002526.2 5'-nucleotidase, ecto (CD73) 

PAX5 NM_016734.1 paired box 5 

PDCD1 NM_005018.1 programmed cell death 1 

PDCD1LG2 NM_025239.3 programmed cell death 1 ligand 2 

PDCD2 NM_144781.2 programmed cell death 2 

PDGFB NM_033016.2 platelet-derived growth factor beta polypeptide 

PDGFRB NM_002609.3 platelet-derived growth factor receptor, beta polypeptide 

PECAM1 NM_000442.3 platelet/endothelial cell adhesion molecule 

PIGR NM_002644.2 polymeric immunoglobulin receptor 

PLA2G2A NM_000300.2 phospholipase A2, group IIA (platelets, synovial fluid) 

PLA2G2E NM_014589.1 phospholipase A2, group IIE 

PLAU NM_002658.2 plasminogen activator, urokinase 

PLAUR NM_001005376.1 plasminogen activator, urokinase receptor 

PML NM_002675.3 promyelocytic leukemia 

POU2F2 NM_002698.2 POU class 2 homeobox 2 

PPARG NM_015869.3 peroxisome proliferator-activated receptor gamma 

PPBP NM_002704.2 pro-platelet basic protein (chemokine (C-X-C motif) ligand 7) 

PRDM1 NM_001198.3 PR domain containing 1, with ZNF domain 

PRF1 NM_005041.3 perforin 1 (pore forming protein) 

PRKCD NM_006254.3 protein kinase C, delta 
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PSMB10 NM_002801.2 proteasome (prosome, macropain) subunit, beta type, 10 

PSMB5 NM_001130725.1 proteasome (prosome, macropain) subunit, beta type, 5 

PSMB7 NM_002799.2 proteasome (prosome, macropain) subunit, beta type, 7 

PSMB8 NM_004159.4 proteasome (prosome, macropain) subunit, beta type, 8 (large multifunctional peptidase 7) 

PSMB9 NM_002800.4 proteasome (prosome, macropain) subunit, beta type, 9 (large multifunctional peptidase 2) 

PSMC2 NM_002803.3 proteasome (prosome, macropain) 26S subunit, ATPase, 2 

PSMD7 NM_002811.3 proteasome (prosome, macropain) 26S subunit, non-ATPase, 7 

PTAFR NM_000952.3 platelet-activating factor receptor 

PTGER4 NM_000958.2 prostaglandin E receptor 4 (subtype EP4) 

PTGS2 NM_000963.1 prostaglandin-endoperoxide synthase 2 (prostaglandin G/H synthase and cyclooxygenase) 

PTK2 NM_005607.3 PTK2 protein tyrosine kinase 2 

PTPN2 NM_002828.2 protein tyrosine phosphatase, non-receptor type 2 

PTPN22 NM_015967.4 protein tyrosine phosphatase, non-receptor type 22 (lymphoid) 

PTPN6 NM_002831.5 protein tyrosine phosphatase, non-receptor type 6 

PTPRC_all (common probe) NM_080921.2 protein tyrosine phosphatase, receptor type, C 

CD45R0 NM_080921.3 protein tyrosine phosphatase, receptor type, C 

CD45RA NM_002838.4 protein tyrosine phosphatase, receptor type, C 

CD45RB ENST00000367367.1 protein tyrosine phosphatase, receptor type, C 

PYCARD NM_013258.3 PYD and CARD domain containing 

RAF1 NM_002880.2 v-raf-1 murine leukemia viral oncogene homolog 1 

RAG1 NM_000448.2 recombination activating gene 1 

RAG2 NM_000536.3 recombination activating gene 2 

RARRES3 NM_004585.3 retinoic acid receptor responder (tazarotene induced) 3 

RELA NM_021975.2 v-rel reticuloendotheliosis viral oncogene homolog A (avian) 

RELB NM_006509.2 v-rel reticuloendotheliosis viral oncogene homolog B 

RORC NM_001001523.1 RAR-related orphan receptor C 

RUNX1 NM_001754.4 runt-related transcription factor 1 

S100A8 NM_002964.3 S100 calcium binding protein A8 

S100A9 NM_002965.2 S100 calcium binding protein A9 

S1PR1 NM_001400.3 sphingosine-1-phosphate receptor 1 

SELE NM_000450.2 selectin E 

SELL NR_029467.1 selectin L 

SELPLG NM_003006.3 selectin P ligand 

SERPING1 NM_000062.2 serpin peptidase inhibitor, clade G (C1 inhibitor), member 1 

SH2D1A NM_001114937.2 SH2 domain containing 1A 

SIGIRR NM_021805.2 single immunoglobulin and toll-interleukin 1 receptor (TIR) domain 

SKI NM_003036.2 v-ski sarcoma viral oncogene homolog (avian) 

SLAMF1 NM_003037.2 signaling lymphocytic activation molecule family member 1 
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SLAMF6 NM_001184714.1 SLAM family member 6 

SLAMF7 NM_021181.3 SLAM family member 7 

SLC2A1 NM_006516.2 solute carrier family 2 (facilitated glucose transporter), member 1 

SMAD3 NM_005902.3 SMAD family member 3 

SMAD5 NM_005903.5 SMAD family member 5 

SOCS1 NM_003745.1 suppressor of cytokine signaling 1 

SOCS3 NM_003955.3 suppressor of cytokine signaling 3 

SPP1 NM_000582.2 secreted phosphoprotein 1 

SRC NM_005417.3 v-src sarcoma (Schmidt-Ruppin A-2) viral oncogene homolog (avian) 

STAT1 NM_007315.2 signal transducer and activator of transcription 1, 91kDa 

STAT2 NM_005419.2 signal transducer and activator of transcription 2, 113kDa 

STAT3 NM_139276.2 signal transducer and activator of transcription 3 (acute-phase response factor) 

STAT4 NM_003151.2 signal transducer and activator of transcription 4 

STAT5A NM_003152.2 signal transducer and activator of transcription 5A 

STAT5B NM_012448.3 signal transducer and activator of transcription 5B 

STAT6 NM_003153.3 signal transducer and activator of transcription 6, interleukin-4 induced 

SYK NM_003177.3 spleen tyrosine kinase 

TAGAP NM_054114.3 T-cell activation RhoGTPase activating protein 

TAL1 NM_003189.2 T-cell acute lymphocytic leukemia 1 

TAP1 NM_000593.5 transporter 1, ATP-binding cassette, sub-family B (MDR/TAP) 

TAP2 NM_000544.3 transporter 2, ATP-binding cassette, sub-family B (MDR/TAP) 

TAPBP NM_003190.4 TAP binding protein (tapasin) 

TBK1 NM_013254.2 TANK-binding kinase 1 

TBX21 NM_013351.1 T-box 21 

TCF4 NM_003199.1 transcription factor 4 

TCF7 NM_003202.2 transcription factor 7 (T-cell specific, HMG-box) 

TFRC NM_003234.1 transferrin receptor (p90, CD71) 

TGFB1 NM_000660.3 transforming growth factor, beta 1 

TGFBI NM_000358.2 transforming growth factor, beta-induced, 68kDa 

TGFBR1 NM_004612.2 transforming growth factor, beta receptor 1 

TGFBR2 NM_001024847.1 transforming growth factor, beta receptor II (70/80kDa) 

THY1 NM_006288.2 Thy-1 cell surface antigen 

TICAM1 NM_014261.1 toll-like receptor adaptor molecule 1 

TIGIT NM_173799.2 T cell immunoreceptor with Ig and ITIM domains 

TIRAP NM_148910.2 toll-interleukin 1 receptor (TIR) domain containing adaptor protein 

TLR1 NM_003263.3 toll-like receptor 1 

TLR2 NM_003264.3 toll-like receptor 2 

TLR3 NM_003265.2 toll-like receptor 3 
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TLR4 NM_138554.2 toll-like receptor 4 

TLR5 NM_003268.3 toll-like receptor 5 

TLR7 NM_016562.3 toll-like receptor 7 

TLR8 NM_016610.2 toll-like receptor 8 

TLR9 NM_017442.2 toll-like receptor 9 

TMEM173 NM_198282.1 transmembrane protein 173 

TNF NM_000594.2 tumor necrosis factor 

TNFAIP3 NM_006290.2 tumor necrosis factor, alpha-induced protein 3 

TNFAIP6 NM_007115.2 tumor necrosis factor, alpha-induced protein 6 

TNFRSF10C NM_003841.3 tumor necrosis factor receptor superfamily, member 10c, decoy without an intracellular domain 

TNFRSF11A NM_003839.2 tumor necrosis factor receptor superfamily, member 11a, NFKB activator 

TNFRSF13B NM_012452.2 tumor necrosis factor receptor superfamily, member 13B 

TNFRSF13C NM_052945.3 tumor necrosis factor receptor superfamily, member 13C 

TNFRSF14 NM_003820.2 tumor necrosis factor receptor superfamily, member 14 

TNFRSF17 NM_001192.2 tumor necrosis factor receptor superfamily, member 17 

TNFRSF1B NM_001066.2 tumor necrosis factor receptor superfamily, member 1B 

TNFRSF4 NM_003327.2 tumor necrosis factor receptor superfamily, member 4 

TNFRSF8 NM_152942.2 tumor necrosis factor receptor superfamily, member 8 

TNFRSF9 NM_001561.4 tumor necrosis factor receptor superfamily, member 9 

TNFSF10 NM_003810.2 tumor necrosis factor (ligand) superfamily, member 10 

TNFSF11 NM_003701.2 tumor necrosis factor (ligand) superfamily, member 11 

TNFSF12 NM_003809.2 tumor necrosis factor (ligand) superfamily, member 12 

TNFSF13B NM_006573.4 tumor necrosis factor (ligand) superfamily, member 13b 

TNFSF15 NM_001204344.1 tumor necrosis factor (ligand) superfamily, member 15 

TNFSF4 NM_003326.2 tumor necrosis factor (ligand) superfamily, member 4 

TNFSF8 NM_001244.3 tumor necrosis factor (ligand) superfamily, member 8 

TOLLIP NM_019009.2 toll interacting protein 

TP53 NM_000546.2 tumor protein p53 

TRAF1 NM_005658.3 TNF receptor-associated factor 1 

TRAF2 NM_021138.3 TNF receptor-associated factor 2 

TRAF3 NM_145725.1 TNF receptor-associated factor 3 

TRAF4 NM_004295.2 TNF receptor-associated factor 4 

TRAF5 NM_004619.3 TNF receptor-associated factor 5 

TRAF6 NM_145803.1 TNF receptor-associated factor 6 

TYK2 NM_003331.3 tyrosine kinase 2 

UBE2L3 NM_198157.1 ubiquitin-conjugating enzyme E2L 3 

VCAM1 NM_001078.3 vascular cell adhesion molecule 1 

VTN NM_000638.3 vitronectin 
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Supplemental Table 1. Nanostring ncounter® GX Human Immunology Kit1  
1Nanostring gene expression panels can be found at 
http://www.nanostring.com/products/gene_expression_panels 
 

XBP1 NM_005080.2 X-box binding protein 1 

XCL1 NM_002995.1 chemokine (C motif) ligand 1 

XCR1 NM_005283.2 chemokine (C motif) receptor 1 

ZAP70 NM_001079.3 zeta-chain (TCR) associated protein kinase 70kDa 

ZBTB16 NM_006006.4 zinc finger and BTB domain containing 16 

ZEB1 NM_001128128.1 zinc finger E-box binding homeobox 1 

Internal Reference Genes     

ABCF1 NM_001090.2 ATP-binding cassette, sub-family F (GCN20), member 1 

ALAS1 NM_000688.4 aminolevulinate, delta-, synthase 1 

EEF1G NM_001404.4 eukaryotic translation elongation factor 1 gamma 

G6PD NM_000402.2 glucose-6-phosphate dehydrogenase 

GAPDH NM_002046.3 glyceraldehyde-3-phosphate dehydrogenase 

GUSB NM_000181.1 glucuronidase, beta 

HPRT1 NM_000194.1 hypoxanthine phosphoribosyltransferase 1 

OAZ1 NM_004152.2 ornithine decarboxylase antizyme 1 

POLR1B NM_019014.3 polymerase (RNA) I polypeptide B, 128kDa 

POLR2A NM_000937.2 polymerase (RNA) II (DNA directed) polypeptide A, 220kDa 

PPIA NM_021130.2 peptidylprolyl isomerase A (cyclophilin A) 

SDHA NM_004168.1 succinate dehydrogenase complex, subunit A, flavoprotein (Fp) 

TBP NM_001172085.1 TATA box binding protein 

TUBB NM_178014.2 tubulin, beta 

RPL19 NM_000981.3 ribosomal protein L19 
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Supplemental Table 2. Gene Expression: Comparing Nanostring to RT-PCR1 
Genes CR Flares NR Flares 

Nanostring RT-PCR2 Nanostring RT-PCR  
MX1 8.63 4.16 3.77 3.45 

STAT1 4.42 4.66 2.89 4.67 

CCL19 3.52 6.59 2.82 8.34 

MME 0.4 0.59 0.15 -0.01 

ITGB2 1.67 3.99 3.45 2.09 
1All expression values are reported as fold-change compared to normal controls. 
OAZ1 was used as the internal control for RT-PCR.  
2RT-PCR values were obtained using threshold cycle quantification method (CT) and 
reported as ΔΔCT 
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