
KEEPING THE PROMISE OF IMMUNO-ONCOLOGY 
WITH SIMPLE WESTERN AND SINGLE-CELL WESTERN

AUTOMATED WESTERN ASSAYS TO DEVELOP NEW IMMUNOTHERAPIES
Immuno-oncology has created revolutionary therapies to treat cancer and promises more life-saving therapies for patients needing 
treatment. Among the top approaches for immunotherapies are altering the tumor microenvironment to prevent immunosuppression, 
blocking immune checkpoint inhibitors, and reprogramming immune cells to target antigens presented on cancer cells. Despite the 
diversity of these approaches, there is a shared need for protein analytical methods that preserve precious samples while providing 
assay robustness in terms of sensitivity, reproducibility, and quantification. 

To realize the full potential of immuno-oncology, ProteinSimple, a Bio-Techne brand, provides next-generation protein analytical tools 
to uncover the role of proteins in cancer and novel approaches to developing and analyzing protein-based therapeutics. Simple 
Western™ is a capillary-based automated immunoassay for characterizing proteins in complex mixtures. Unlike traditional Western 
blot, which is time-consuming and often irreproducible, Simple Western provides highly quantitative and reproducible protein 
expression data in a fraction of the time (as little as 3 hours). Single-Cell Westerns on Milo™ perform Western analysis on ~1000 
individual cells simultaneously, providing unparalleled insight into population heterogeneity. These nascent technologies are rapidly 
gaining traction in all areas of biological research, particularly in immuno-oncology and the development of new immunotherapies. 

In this Application Note, we show how Simple Western and Single-Cell Western have the potential to make significant contributions 
to three critical branches of immuno-oncology: angiogenesis of the tumor microenvironment, immune checkpoint inhibition, and 
chimeric antigen T-cell (CAR T-cell) therapy. 

APPLICATION NOTE

https://www.bio-techne.com/resources/literature/cutting-edge-immuno-oncology-simple-western-single-cell-western?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/resources/literature/profiling-immune-cell-populations-in-tumor-microenvironment?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/instruments/simple-western?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/instruments/simple-western?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/instruments/single-cell-western?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/brands/proteinsimple?pdfSource=true_immunooncologywestern
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MATERIALS AND METHODS
These materials & methods are for all Simple Western experiments 
in this study. The materials and methods for Single-Cell Western 
experiments are in our App Note on validating RNAseq data with 
Single-Cell Western. 

The reagents, antibodies, and samples used in this study are 
listed in TABLES 1, 2, and 3, respectively. 

We prepared all samples with 5X FL Standard master mix under 
reducing conditions for 10 minutes at 70 °C. 

PREPARATION OF HYPOXIC/NORMOXIC SAMPLES:

To determine a linear range of recombinant HIF-1α detection, 
we created a 2X serial dilution series from 7.5 ng/mL to 
0.06 ng/mL and a blank background control. With this standard 
curve, we determined HIF-1α protein concentration in treated 
and untreated A549 lysates (0.2 mg/mL). We analyzed treated 
and untreated A549 lysates (1 mg/mL) for VEGFR-2, TGF-β, and 
ANG2 expression. 

PREPARATION OF IMMUNE CHECKPOINT SAMPLES:

To determine a linear range of recombinant PD-1 detection, 
we prepared a 2X serial dilution series from 10 ng/mL down to 
0.16 ng/mL and a blank background control. We analyzed all 
three lysates (Jurkat cells, NK cells, and NSCLC cells) at 1 mg/mL 
concentrations for PD-1 and CTLA-4 detection. To measure TIGIT 
expression, we analyzed lysates at a final concentration of 0.5 
mg/mL.

PREPARATION OF SAMPLES FOR DETECTION OF CAR 
T-CELL THERAPY TARGET CD19:

To determine a linear range of recombinant CD19 detection, we 
prepared a 2X serial dilution series from 2 ng/mL to 0.4 ng/mL 
and a blank background control. We analyzed Daudi and Molt-4 
lysates at 0.2 mg/mL final concentrations.

PRODUCT VENDOR PART NUMBER

12-230 kDa Peggy Sue 
Separation Module

ProteinSimple SM-S001

Protein Normalization Module ProteinSimple AM-PN01

12-230 kDa Jess/Wes 
Separation Module

ProteinSimple SM-W004

Antibody Diluent 2 ProteinSimple 042-203

Milk-Free Antibody Diluent ProteinSimple 043-524

Anti-Rabbit Secondary Antibody ProteinSimple 042-206

Anti-Mouse Secondary Antibody ProteinSimple 042-205

Anti-Goat Secondary Antibody ProteinSimple 043-522-2

Luminol-S ProteinSimple 043-311

Peroxide ProteinSimple 043-379

ANTIBODY VENDOR PART 
NUMBER DILUTION

HIF-1 alpha R&D Systems MAB1536 1:50

VEGF Receptor 2
Cell Signaling 
Technologies

9698S 1:50

TGF-β Antibody 
Cell Signaling 
Technologies

3711s 1:50

ANG2 Abcam ab155106 1:50

PD1 Novus Biologicals NBP1-88104 1:50 

PD-L1
Cell Signaling
Technologies

29122S 1:50

CTLA-4 R&D Systems AF-386-PB 1:50

TIGIT Novus Biologicals NBP2-7973 1:50 

CD19 Novus Biologicals NBP2-67229 1:100

Goat Anti-Mouse ProteinSimple 042-205 RTU

Goat Anti-Rabbit ProteinSimple 042-206 RTU

Donkey Anti-Goat ProteinSimple 043-522-2 RTU

NAME VENDOR PART NUMBER

Recombinant Human HIF-1 
alpha Protein

Novus Biologicals NBP1-45300

A549 Lysate Treatments: 1% O2, 
CoCl2 (4h) and Untreated

Provided by 
collaborator

N/A

HUVEC Lysate Treatments
Provided by 
collaborator

N/A

Recombinant Human PD-1 Fc 
Chimera Protein, CF

Novus Biologicals 1086-PD-050

NSCLC and NK Cells
Provided by 
collaborator

N/A

Jurkat Whole Cell Lysate
Santa Cruz 
Biotechnology

SC-2204

Recombinant Human CD19 GST 
(N-Term) Protein

Novus Biologicals H00000930-P01

MOLT-4 Lysate
Santa Cruz 
Biotechnology

SC-2233

Daudi Cell Lysate
Santa Cruz 
Biotechnology

SC-2415

TABLE 1. Reagents used in this study.

TABLE 2. Antibodies used in this study. All antibodies were diluted in Antibody 
Diluent 2, except for CTLA-4, which was diluted in Milk-Free Diluent. RTU: Ready to 
use. (Note: Antibodies from Sheep and Goat perform optimally in Milk-Free Diluent.)

TABLE 3. Samples used in this study.

https://www.bio-techne.com/instruments/single-cell-western/protein-validation-of-your-single-cell-rna-sequencing-data-milo?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/instruments/single-cell-western/protein-validation-of-your-single-cell-rna-sequencing-data-milo?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/12-230-kda-separation-module-for-peggy-sue-or-sally-sue-systems_sm-s001?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/protein-normalization-assay-module-for-fluorescence-based-total-protein-assays_am-pn01?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/12-230-kda-separation-module_sm-w001?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/antibody-diluent-2_042-203?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/milk-free-antibody-diluent_043-524?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/anti-rabbit-secondary-hrp-antibody_042-206?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/anti-mouse-secondary-hrp-antibody_042-205?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/anti-goat-secondary-hrp-antibody_043-522-2?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/luminol-s_043-311?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/peroxide_043-379?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/antibodies/human-mouse-rat-hif-1-alpha-hif1a-antibody-241809_mab1536?pdfSource=true_immunooncologywestern
https://www.novusbio.com/products/pd-1-antibody_nbp1-88104?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/antibodies/human-ctla-4-antibody_af-386-pb?pdfSource=true_immunooncologywestern
https://www.novusbio.com/products/tigit-antibody-tigit-3017_nbp2-79793?pdfSource=true_immunooncologywestern
https://www.novusbio.com/products/cd19-antibody-jf100-06_nbp2-67229?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/anti-mouse-secondary-hrp-antibody_042-205?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/anti-rabbit-secondary-hrp-antibody_042-206?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/anti-goat-secondary-hrp-antibody_043-522-2?pdfSource=true_immunooncologywestern
https://www.novusbio.com/products/hif-1-alpha-recombinant-protein_nbp1-45300?pdfSource=true_immunooncologywestern
https://www.novusbio.com/products/recombinant-human-pd-1-fc-chimera-protein-cf_1086-pd?pdfSource=true_immunooncologywestern
https://www.novusbio.com/products/cd19-recombinant-protein_h00000930-p01?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/resources/literature/simple-way-reduce-background-signal-associated-with-anti-goat-secondary-antibodies?pdfSource=true_immunooncologywestern
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TRACKING ANGIOGENESIS FOR MORE EFFECTIVE IMMUNOTHERAPIES

Depletion of oxygen in organs and tissues is called hypoxia. 
Hypoxia of the tumor microenvironment results from increased 
cellular proliferation and decreased blood supply combined. 
As a result, angiogenesis occurs, whereby the tumor develops 
vasculature independent of the original tissue. However, 
angiogenesis of the tumor microenvironment promotes 
immunosuppression both locally and systemically. Thus, 
monitoring and blocking the expression of protein factors that 
promote angiogenesis can inhibit the immunosuppressive 
response and lead to more effective immunotherapies. 

HIF-1α belongs to the family of hypoxia-inducible transcription 
factors that mediate cellular reprogramming under low oxygen 
conditions through several genes such as VEGFR-2, TGF-β, and 
ANG2. TABLE 4 lists the expected expression of these angiogenic 
factors in normoxic and hypoxic conditions. We used the Simple 
Western instrument Peggy Sue to quantify the expression of 
these angiogenic factors in cancer cells under normoxic and 
hypoxic conditions. 

NORMOXIC HYPOXIC REFERENCE

HIF-1α Basal Upregulated 1

VEGFR-2 Upregulated Downregulated 2

ANG2 Basal Upregulated 3

TGF-β Basal Upregulated 4

Beginning with HIF-1α, we determined if we could detect and 
quantify this target by preparing a 2X serial dilution series of 
recombinant HIF-1α from 7.5 ng/mL to 0.06 ng/mL, and we 
included a blank negative control. When we analyzed this serial 
dilution series using Simple Western, a linear range was revealed 
with an R2 of 0.9749, and as little as 0.06 ng/mL could be detected 
(FIGURE 1).

Next, we sought to determine if HIF-1α expression in hypoxic 
versus normoxic cancer cells. To do so, we analyzed A549 cells 
treated with 1% O2, treated with CoCl2 (a hypoxic memetic5), 
and untreated cells. As expected, this analysis revealed strong 
upregulation of HIF-1α under both hypoxic conditions (FIGURE 2). 
Using the standard curve generated in FIGURE 1, we quantified 
the amount of HIF-1α in each sample (TABLE 5). While we barely 
detected HIF-1α in untreated cells, we measured 2 ng of HIF-1α 
in cells treated with CoCl2 and 4 ng of HIF-1α in cells treated with 
1% O2. These results demonstrate the ability of Simple Western 
to detect and quantify HIF-1α in cancer cells, which generated 
results that were consistent with previous observations.1
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FIGURE 1. Simple Western can detect recombinant HIF-1α with a linear range from 7.5 ng/mL to 0.06 ng/mL. Shown are overlaid 
electropherograms of HIF-1α. The graph inset shows the linear relationship between HIF-1α peak and area and concentration.

TABLE 4. The expected protein regulation of angiogenic factors in under normoxic 
and hypoxic conditions. 

[LYSATE] TREATMENT HIF-1a (ng) STD. 
DEV. %CV

0.2 mg/mL

A549 1% O2 3.99 0.3 8%

A549 CoCl2 (4h) 2.04 0.3 12%

A549 Untreated 0.01 0.1 444%

TABLE 5. Average HIF-1α concentration in treated and untreated lysates analyzed in 
3 replicates with standard deviation and %CV values. The %CV for HIF-1α in 
untreated cells was high because the signal was barely detectable above baseline. 

https://www.bio-techne.com/p/simple-western/peggy-sue_004-800?pdfSource=true_immunooncologywestern
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Single-Cell Western can detect HIF-1α at a single-cell resolution 
to provide information on population heterogeneity in HIF-1α 
expression that Simple Western and traditional Western blot 
cannot offer. For example, when HeLa cells were treated with 
the hypoxic mimetic deferoxamine (DFO) and mixed 1:1 with 
untreated cells, approximately half of the cells expressed HIF-
1α. In contrast, the other half did not express HIF-1α (FIGURE 3). 
Furthermore, 100% of cells transcribed HIF-1α, as revealed by 
RNAseq analysis (data not shown). These results with Single-Cell 
Western indicate that cells regulate HIF-1α at the protein level 
upon oxygen depletion. For more information on how Single-
Cell Western can validate RNAseq data and reveal population 
heterogeneity, see our App Note on validating RNAseq data with 
Single-Cell Western.

VEGFR-2 is a direct transcriptional target of HIF-1a, and its 
expression may also respond to hypoxia. Therefore, we used 

Simple Western to measure VEGFR-2 in hypoxic and normoxic 
A549 and HUVEC cells. While VEGFR-2 remained at basal levels 
in A549 cells under hypoxic conditions, VEGFR-2 expression 
decreased in hypoxic HUVEC cells (FIGURE 4), consistent with 
previous observations.2

Finally, we measured angiogenic factors ANG2 and TGF-β in 
hypoxic versus normoxic cells. Under these conditions, ANG2 
remained at basal levels in cells treated with CoCl2, but ANG2 
strongly increased in cells treated with 1% O2 (FIGURE 5). As 
expected, TGF-β was upregulated ~3X under both hypoxic 
treatment conditions (FIGURE 6). Taken together, Simple Western 
and Single-Cell Western can detect and quantify angiogenic 
factors under normoxic and hypoxic conditions. The ability to 
characterize the expression of angiogenic factors under these 
conditions can lead to an improved understanding of the tumor 
microenvironment and more effective immunotherapies.
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FIGURE 3. Single-Cell Western analysis of HIF-1α. (A) HIF-1α protein was detected in only a subset of HeLa cells as identified by β-tubulin expression. Example separation 
images of six cells are shown with HIF-1α protein visualized in the 647 channel and β-tubulin visualized in the 488 channel. Green electrophoresis lanes indicate lanes where 
peaks were identified by Scout Software, whereas blue lanes indicate lanes with no peaks. Fluorescence intensity plots generated by Scout Software are shown on the right 
for all β-tubulin+ lanes. (B) Bivariate analysis revealed that ~46% of analyzed β-tubulin+ cells were HIF-1α+.

12 40 66 116 180 230
MW (kDa)

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

C
he

m
ilu

m
in

es
ce

nc
e

Untreated

CoCl2 (4h)

1% O2

HIF-1α
kDa
230-

180-

116-

66-

40-

12-

Untre
at

ed

CoCl 2
 (4

h)

1% O 2

-HIF-1α

FIGURE 2. HIF-1α is upregulated in hypoxic A549 cells. Shown in the left panel are overlaid 
electropherograms of HIG1α detection in normal and hypoxic cells. The right panel shows the virtual lane 
view of the same results.

https://www.bio-techne.com/instruments/single-cell-western/protein-validation-of-your-single-cell-rna-sequencing-data-milo?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/instruments/single-cell-western/protein-validation-of-your-single-cell-rna-sequencing-data-milo?pdfSource=true_immunooncologywestern
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FIGURE 4. VEGFR-2 is downregulated in hypoxic HUVEC cells (left panel) and expressed at basal level in hypoxic A549 cells (right panel). 
Overlaid electropherograms of VEGFR-2 detection are shown, and the insets show the quantification of VEGFR-2 peak area in treated and 
untreated cells. 

FIGURE 5. ANG2 is upregulated in hypoxic A549 cells. Overlaid electropherograms of ANG2 detection in untreated and hypoxic cells (left 
panel). Quantification of ANG2 peak area in untreated and hypoxic cells (right panel). 
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FIGURE 7. Simple Western detection and quantification of PD-1. Overlaid electropherograms of the 2X serial 
dilution series of recombinant PD-1 (top panel). Linearity of PD-1 peak area by concentration resulting from the 2X 
serial dilution (bottom panel). 

KEEPING AN EYE ON IMMUNE CHECKPOINTS
Immune checkpoints, such as cytotoxic T lymphocyte-associated 
protein-4 (CTLA-4) and programmed death-1 (PD-1) and its 
ligand (PD-L1) help keep immune responses in check, but they 
can stifle the effectiveness of immunotherapies. For example, the 
binding of PD-L1 to PD-1 keeps T cells from killing tumor cells 
in the body. Thus, characterizing the expression and ultimately 
blocking these immune checkpoint proteins can lead to more 
effective immunotherapies. 

To test if we could detect and quantify PD-1 with Simple Western, 
we prepared a 2X serial dilution series of recombinant PD-1 
from 10 ng/mL down to 0.16 ng/mL and 0 ng/mL blank negative 
control. When we analyzed this dilution series using Simple 
Western, we detected a well-defined signal corresponding to 
PD-1 that decreased with decreasing sample concentration. As 
expected, we did not see a signal in blank negative control. When 
we plotted the area of this signal by the sample concentration, we 
observed a linear range with an R2 value of 0.9976 (FIGURE 7). 
Using this standard curve, we quantified PD-1 in NSCLC and NK 
cells at a 1 mg/mL concentration, and we measured 5.21 ng/mL 
of PD-1 and 0.68 ng/mL of PD-1, respectively (FIGURE 7). 
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FIGURE 8. PD-1 detection in tumor cells and immune cells. Shown are overlaid electropherograms of PD-1 detection 
in Jurkat, NSCLC, and NK cells. The table inset shows the average area, standard deviation, and %CV of the peak area 
from 3 replicates.
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detection in Jurkat, NSCLC, and NK cells. The table inset shows the average area, standard deviation, and %CV of the 
peak area from 3 replicates. 

FIGURE 8 shows the overlaid electropherograms of PD-1 
detection in equal concentrations of tumor and immune cells, 
showing a strong PD-1 signal in tumor cells that reduced 
dramatically in immune cells. Likewise, PD-L1, the ligand of PD-
1, appeared in large quantities in tumor cells and at lower levels 
in immune cells (FIGURE 9). We also measured CTLA-4 in tumor 
cells and immune cells. As expected, CTLA-4 was present in high 
levels in immune cells but not in tumor cells (FIGURE 10).

T cell immunoreceptor with immunoglobulin and ITIM domain 
(TIGIT) is a promising new target for cancer immunotherapy. 
Immune cells like activated T-cells, NK cells, and Treg cells, 
upregulate TIGIT expression.6 As expected, we detected TIGIT 
in immune cells but unexpectedly high levels of TIGIT in cancer 
cells (FIGURE 11).
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FIGURE 11. Detection of TIGIT in tumor cells and immune cells. Detection of TIGIT in Jurkat and NK cells 
(top panel). Detection of TIGIT in Jurkat and NSCLC cells (bottom panel). The table insets show the 
average area, standard deviation, and %CV of the peak area from 3 replicates. In the analysis settings in 
Compass for Simple Western, the baseline threshold was set to 3 and the stiffness was set to 2.
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FIGURE 10. CTLA-4 detection in tumor cells and immune cells. Shown are overlaid electropherograms of 
CTLA-4 detection in Jurkat, NSCLC, and NK cells. The table inset shows the average area, standard 
deviation, and %CV of the peak area from 3 replicates.
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DRIVING CAR T-CELL THERAPIES WITH SIMPLE WESTERN
CAR T-cell therapy is a revolutionary new approach to fighting 
cancer. By reprogramming a patient’s T-cells to target antigens on 
cancerous cells, CAR T-cell therapy has already proven successful 
in treating some blood cancers. Next-generation protein 
analytical tools like Simple Western are essential to developing 
new CAR T-cell therapies for other types of cancer. Researchers 
at Amgen relied on Simple Western to correlate target protein 
expression with cytotoxicity to measure the efficacy of a CAR 
T-cell drug product.7 

CAR T-cell therapies that target CD19 have shown remarkable 
success in treating B-cell leukemia and lymphoma.8 We sought 
to detect and quantify CD19 in lymphoma cells using a standard 
curve. To do so, we prepared a 2X serial dilution series of 
recombinant CD19 from 2 ng/mL down to 0.4 ng/mL. This 
analysis revealed a broad linear range with an R2 value of 0.99 
(FIGURE 12). Using this standard curve, we quantified CD19 
in 0.2 mg/mL Daudi cells and measured 4.53 ng/mL of CD19 
(FIGURE 12). 

Variation in sample load is a common occurrence that researchers 
must monitor for accurate quantification of protein expression. 
Many researchers still rely on housekeeping proteins to control 
sample load, but housekeeping proteins can be unreliable 
loading controls and lead to misleading results. Instead, a more 

reliable control for sample load is the total protein content of the 
sample. Fortunately, the Simple Western instrument Jess has built-
in total protein normalization. With just one additional proprietary 
reagent, total protein normalization is automatically performed 
during Simple Western analysis in a dedicated fluorescence 
channel to not interfere with detection in the chemiluminescent, 
IR, and NIR channels. The right panel of FIGURE 12 shows the 
total protein normalization signal.

Simple Western instruments like Jess and Abby offer RePlex. 
RePlex performs sequential immunoassays in the same capillary 
by efficiently removing the antibodies from the first round of 
probing for a second round with fresh antibodies or total protein 
detection. Unlike traditional Western blot’s difficult strip and re-
probe procedure, RePlex is fully automated and samples are not 
lost during antibody removal because samples are covalently 
bound to the capillary wall. We sought to employ RePlex to 
detect CD19 in the first probing cycle with total protein detection 
in the second cycle for Daudi and Molt-4 cell lines (FIGURE 13). 
We detected CD19 at high levels in Daudi cells with a robust 
total protein profile. As expected, Molt-4 cells had no detectable 
CD19 expression.

FIGURE 12. Quantification of CD19 in Daudi cells. Linear relationship of peak area to concentration of recombinant CD19 peak area. 
This standard curve was used to quantify CD19 in 0.2 mg/mL of Daudi cells shown in the boxed arrow (left panel). Virtual lane view of 
CD19 in Daudi and Molt-4 cells (right panel). The blue dots indicate the signal resulting from Jess’s built-in Total Protein Normalization.
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https://www.bio-techne.com/p/simple-western/jess_004-650?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/instruments/simple-western/automate-total-protein-normalization-with-simple-western?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/instruments/simple-western/one-sample-two-western-immunoassay-replex-jess-abby?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/total-protein-detection-module-for-chemiluminescence-based-total-protein-assays_dm-tp01?pdfSource=true_immunooncologywestern
https://www.bio-techne.com/p/simple-western/total-protein-detection-module-for-chemiluminescence-based-total-protein-assays_dm-tp01?pdfSource=true_immunooncologywestern
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FIGURE 13. RePlex analysis of CD19 and Total Protein Detection. CD19 was detected in the first round of probing of RePlex. The 
second round of RePlex were dedicated to Total Protein Detection. CD19 and Total Protein Detection was analyzed in Daudi cells (top 
panel) and Molt-4 cells (bottom panel).
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Simple Western
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SIMPLE WESTERN, SINGLE-CELL 
WESTERN, AND THE FUTURE OF 
IMMUNO-ONCOLOGY
Here, we demonstrated how Simple Western and Single-Cell 
Western can characterize important protein targets across the field 
of immuno-oncology, from the hypoxic tumor microenvironment, 
immune checkpoints, and CAR T-cell therapy. In addition to 
throughput and automation, Simple Western’s quantification 
and small sample size requirement are especially valuable 
for immuno-oncology researchers who need to derive high-
quality data from precious little oncology samples. Meanwhile, 
Single-Cell Western offers profound insight into population 
heterogeneity at the protein level that is unparalleled by other 
methods. For more information on how Simple Western and 
Single-Cell Western form an affirmative alliance to characterize 
the tumor microenvironment, refer to our App Note “Wes and 
Milo Synergize to Profile Immune Cell Populations in the Tumor 
Microenvironment.”

MORE BIO-TECHNE RESOURCES FOR IMMUNO-
ONCOLOGY RESEARCH:

•	 bio-techne.com/research-areas/immuno-oncology

•	 bio-techne.com/research-areas/immune-cell-therapy/t-cell-
manufacturing
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