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Technical Note 

Matrix effect in tumor lysates – Does it affect your cytokine ELISA and 
multiplex analyses? 
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A B S T R A C T   

Quantification of cytokines in cancerous tissue is important for understanding basic tumor biology and for 
deciphering anti-cancer mechanisms in drug development. Cytokine measurements on protein-level are often 
done by immunoassays such as enzyme-linked immunosorbent assay (ELISAs) and multiplex assays. However, 
immunoassays are prone to interference due to the presence of perturbing factors. The sum of these factors is 
known as the matrix effect, which results in a deviation of the measured cytokine concentration from the actual 
concentration. In this study, we demonstrated that matrix effects are present in tumor lysates from 11 different 
syngeneic murine tumors and that it can greatly affect cytokine measurements in ELISAs and multiplex assays. 
Dilution of tumor lysates and careful selection of lysis buffer components may decrease matrix effects. However, 
matrix effects are still present, and care should be taken when analyzing cytokine measurements of tumor lysates.   

1. Introduction 

Cytokine quantification in cancerous tissue is important for several 
areas of cancer research. In the study of tumor biology, the cytokine 
profile can provide an understanding of the signaling pathways and 
interplay between cell types of the tumor microenvironment. In drug 
development, the cytokine profile of treated tumors can aid in under-
standing the mode of action of anti-cancer treatments such as chemo-
therapy, radiotherapy, and immunotherapy. Immunoassays based on 
specific antibodies against the cytokine of interest are the most 
commonly used methodology to detect and quantify cytokines of in-
terest. A well-known example of immunoassays is the enzyme-linked 
immunosorbent assay (ELISA) that is commercially available for a vast 
selection of cytokines. More recently, multiplex assays capable of 
measuring multiple cytokines in the same sample have also become 
available. Both ELISAs and multiplex assays have been used to quantify 
cytokines in tumors (Amsen et al., 2009; Moynihan et al., 2016). 

An inherent problem of immunoassays is the susceptibility to inter-
ference that affects the measurements. This interference can be 
described as “The effect of a substance present in an analytical system which 
causes a deviation of the measured value from the true value, usually 

expressed as concentration or activity” (Selby, 1999). The effects of all 
substances, i.e., the sum of interference in the system, is known as the 
matrix effect (Wood, 1991). Several proteins have been suggested to 
cause interference such as complement proteins, albumin, rheumatoid 
factors, lysozyme, fibrinogen and hormone-binding proteins, but also 
other substances like lipids, bile acids and steroids can cause interfer-
ence (Selby, 1999). The matrix effect can result in either apparent in-
creases or decreases in analyte concentration. In the case of increased 
analyte concentration, substances in the sample may form a bridge be-
tween the capture antibody and the signal antibody, creating a false 
positive signal (Miller and Levinson, 1996). Conversely, substances that 
bind the analyte or the antibody can reduce binding of the antibody to 
the analyte, leading to decreased analyte concentrations. 

Matrix effects in immunoassays for cytokines have been reported in 
many biological matrices such as urine (Taylor et al., 2012), serum, 
plasma (Rosenberger and Finlay, 2003), and exhaled breath condensates 
(Hunt, 2007). These studies clearly demonstrate that the matrix effect 
perturbs measurements of the majority of cytokines. Additionally, they 
show that matrix effects vary extensively between samples from 
different individuals, which complicates direct comparison between 
samples. This study was initiated because we observed a lack of dilution 
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linearity in ELISAs when measuring cytokines in murine tumor lysates. 
Consequently, we wanted to investigate the matrix effect in tumor ly-
sates, which to our knowledge has not been done before. 

2. Materials and methods 

2.1. Mice 

For ELISA experiments, female BALB/c JRj mice (Janvier) aged 7–10 
weeks were inoculated subcutaneously (s.c.) with 300,000 CT26 cells in 
the right flank. Tumors were allowed to grow to a size ranging from 80 
to 500 mm3. Mice were treated as follows: intratumoral (i.t.) injections 
of resiquimod (R848, 3 mg/kg); i.t. injections of the TGFβ receptor in-
hibitor SD208 (2-(5-Chloro-2-fluorophenyl)-4-[(4-pyridyl)amino]pteri-
dine, 20 mg/kg) combined with local radiotherapy (2 Gy for five 
consecutive days); local radiotherapy (2 Gy for five consecutive days) or 
left untreated. Mice were euthanized, tumors were excised, snap-frozen 
in liquid nitrogen and stored at − 80 ◦C until further processing. For the 
multiplex experiment, 11 cancer models were used: CT26, ASB-XIV, 
MC38, A20, J558, EG.7-OVA, B16⋅F10, P518, RENCA, LL2, 4 T1. 1 ×
106 cancer cells were inoculated s.c in the flank of BALB/cJRj, C57BL/ 
6JRj, or DBA/2 mice. In the LL/2 model, 3 × 105 cells were inoculated. 
For all 11 models, three tumors were used for analysis. Tumors included 
in the study were 100–500 mm3 in size. All experimental procedures 
were approved by the institutional ethical board and the Danish Animal 
Experiment Inspectorate (license no. 2016-15-0201-00920). 

2.2. Tumor lysate preparation for ELISA assays 

Tumors were pulverized using the Cryoprep automated Dry Pulver-
izer (Covaris) instrument and resuspended in lysis buffer (30 μL per mg 
tumor tissue). Four lysis buffers were used in this study 1) RIPA buffer 
(Millipore), (Merck, #20–188); 2) RIPA buffer (NP-40): 50 mM Tris- 
HCl, 150 mM NaCl, 0.25% deoxycholic acid, 1% NP-40, 1 mM EDTA, 

pH 7.4; 3) RIPA buffer (Triton X-100): 50 mM Tris-HCl, 150 mM NaCl, 
0.5% deoxycholic acid, 1% Triton X-100, 0.1% sodium dodecyl sulfate, 
pH 7.4; 4) RIPA buffer (NP-40, Glycerol): 50 mM Tris-HCl, 150 mM 
NaCl, 10% glycerol, 1% NP-40, pH 7.5. Lysis buffers were freshly sup-
plemented with 5 μg DNase 1 (Thermo Fisher Scientific) per mL lysis 
buffer and either EDTA free Protease Inhibitor Mini Tablets (Roche) 
(Fig. 1A) or Halt Protease and Phosphatase Inhibitor Cocktail (Thermo 
Fisher Scientific) (Fig. 1B) according to manufacturers' instructions. 
Samples were incubated at 4 ◦C with shaking at 300 rpm for 1 h, fol-
lowed by centrifugation at 15,000g for 10 min. The supernatant was 
collected and stored at − 80 ◦C until analysis. Total protein concentra-
tion was measured with Pierce BCA protein assay kit (Thermo Fisher 
Scientific) according to the manufacturer's instructions. 

2.3. Elisa 

ELISA for TNFα and CCL2 was performed with murine DuoSet ELISA 
kits (R&D Systems) according to the manufacturer's instructions. Sam-
ples were two-fold serial diluted in reagent diluent (1% BSA in PBS). The 
optical density was measured in a FLUOstar Omega microplate reader 
(BMG Labtech) at 450 nm and 540 nm. Absorbance at 540 nm was 
subtracted from the absorbance at 450 nm. A 4-parameter regression 
analysis was applied to create a standard curve and extrapolate con-
centrations in prism v. 8.1 (GraphPad). For spiking experiments, a 
known amount of TNFα (standard from ELISA kit) was added to the 
tumor lysates, and the concentration of TNFα was measured by ELISA in 
both unspiked and spiked tumor lysates. Recovery of added TNFα was 
calculated by subtracting the concentration of the spiked samples with 
the unspiked sample and dividing with the expected concentration of the 
spike-in in the sample multiplied by 100: (Samplespiked − Sampleunspiked

spike− in × 100). 

2.4. U-PLEX MSD multiplex assay 

Tumors were pulverized and resuspended in RIPA (NP-40, glycerol) 
buffer (5 μL per mg tumor) pH 7.5, freshly supplemented with Halt 
Protease and Phosphatase Inhibitor Cocktail (Thermo Fisher Scientific). 
Samples were incubated at 4◦C with shaking at 300 rpm for 1 h, followed 
by centrifugation at 15,000g for 10 min. The supernatant was collected, 
25 U (0.1 μL/mL supernatant) Pierce Universal Nuclease for Cell lysis 
(Thermo Fisher Scientific) was added, and samples were incubated with 
shaking at 300 rpm for 1 h at room temperature. Samples were analyzed 
with the U-PLEX assay (Meso Scale Discovery) for murine GM-CSF, IFNγ, 
IL-1β, IP-10, KC-GRO, MCP-1, MIP-1α, MIP-1β, TNFα and VEGF ac-
cording to the manufacturer's instructions. Samples were diluted 5-fold 
and 10-fold in Diluent 41 from the kit. The plates were read in a MESO 
QuickPlex SQ 120 (Meso Scale Discovery, USA). Wilcoxon's matched- 
pairs signed-rank test was performed in GraphPad Prism to compare 
5-fold and 10-fold dilution corrected samples. 

3. Results 

We initially measured TNFα and CCL2 in murine syngeneic CT26 
flank tumors treated with a combination of radiotherapy (RT) and 
immunotherapy to assess the treatment effect. Cytokine concentrations 
were measured in two-fold diluted tumor lysates by ELISA. Interestingly, 
we found no dilution linearity for CCL2 and only dilution linearity be-
tween the two last dilutions for TNFα (0.33 mg/mL and 0.16 mg/mL), 
thus, indicating that interfering molecules were present in the tumor 
lysates (Fig. 1A). Consequently, we performed spike-in recovery exper-
iments to investigate whether the lack of dilution linearity was caused 
by matrix effects in the tumor lysates. In addition, we investigated if 
matrix effects varied with different lysis buffers. A known concentration 
of TNFα was added to undiluted and diluted tumor lysates, and the TNFα 
recovery was calculated from the concentrations measured in spiked and 
unspiked tumor lysates. Recovery rates below 100% were found in all 

Fig. 1. Cytokine measurements in tumor tissue with ELISA. A) Mice with CT26 
tumors were treated with immunotherapy and RT. Tumors were excised, and 
tumor lysates were prepared using RIPA buffer (Milipore). Lysates were 
adjusted according to total protein concentration, and two-fold dilutions were 
assayed for TNFα and CCL2 by ELISA, n = 4. B) Mice with CT26 tumors were 
treated with immunotherapy and RT. Harvested tumors were divided into three 
and processed with RIPA buffer containing NP-40, RIPA buffer containing 
Triton X-100 or RIPA buffer containing NP-40 and glycerol. Samples were 
spiked with a TNFα standard, the TNFα concentration was measured by ELISA, 
and the recovery of TNFα was calculated. Bars represent mean (written above 
bars), error bars indicate ±SD, (n = 4–5). 
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tested lysis buffers and at all dilutions (undiluted, 2-fold, 4-fold and 8- 
fold), demonstrating the presence of matrix effect in tumor lysates 
(Fig. 1B). The matrix effect varied between different tumor samples (up 
to 18% points). The matrix effect was reduced with dilutions, but not 
fully abolished at the lowest investigated dilution of 8-fold. Addition-
ally, the recovery of TNFα was lower in tumors processed with RIPA 
buffer containing Triton X-100 compared to RIPA buffers containing NP- 
40. Thus, matrix effects are present in tumor lysates and components in 
the lysis buffer may have an effect on the matrix effect. 

3.1. The matrix effect in tumor lysates varies for different cytokines and 
between samples 

Previous studies on matrix effects in other biological samples have 
reported that matrix effects vary between samples, but also between 
different cytokines. To examine this in tumor lysates, we measured ten 
cytokines (GM-CSF, IFNγ, IL-1β, IP-10, CXCL1, CCL2, MIP1α, MIP1β, 
VEGF, and TNFα) in 11 different tumor models with a multiplex assay 
(U-Plex, MSD). All tumor lysates were measured in 5-fold and 10-fold 
dilutions. Dilution corrected concentrations are shown in Fig. 2 for all 
cytokines. A significant higher cytokine concentration was measured in 
the 10-fold diluted sample compared to 5-fold diluted sample for GM- 
CSF, IFNγ, IL-1β, IP-10, CXCL1, MIP1β, VEGF, and TNFα, but not for 
CCL2 and MIP1α (Fig. 2). This clearly demonstrates the presence of 
matrix effects for the majority of the cytokines investigated and that it is 
not equal for all cytokines. 

It is well known that tumor models have diverse tumor 

Fig. 2. Dilution corrected cytokine measurements for tumor lysates diluted 5- and 10-fold. Mice were inoculated with cancer cells in the right flank, and tumors were 
allowed to grow to a size of 100–500 mm3. Tumors were excised, and tumor lysates were prepared by homogenization in RIPA (NP-40, glycerol) buffer. Samples were 
diluted 5-fold, and 10-fold and cytokine measurements were performed with the MSD multiplex assay. Graphs show dilution corrected concentrations calculated 
from 5-fold and 10-fold diluted samples for the ten measured cytokines (n = 27–33), bars display mean value and error bars show SD. Wilcoxons matched-pairs 
signed rank test was used to compare 5-fold and 10-fold dilution corrected samples, **** = p < 0.0001, ns = non-significant. 

Fig. 3. Comparison of the mean difference between 5-fold and 10-fold diluted 
samples for 11 tumor models. Ten different cytokines were investigated in 5- 
fold and 10-fold diluted tumor lysates from 11 tumor models (n = 3). The 
percentage difference between dilution-corrected 5-fold and 10-fold tumor ly-
sates were calculated as follows: Percentage difference = PD =

|10− fold− 5− fold|
(10− fold+5− fold)/2× 100. The mean difference (%) was calculated from the PD for 
the three replicates per tumor model for all cytokines, e.g. 
(Mean difference (%) for VEFG =

PDCT26#1(VEGF)+PDCT26#2(VEGF)+PDCT26#3(VEGF)
3 ). The hori-

zontal line indicates the grand mean. A Kruskal-Wallis test was used to compare 
the grand mean between the 11 tumor models. 
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microenvironments with varying infiltration of immune cells and other 
stromal cells. We, therefore, wanted to examine if matrix effects are 
different in the 11 investigated tumor models. This was done by calcu-
lating the mean percentage difference between dilution-corrected 5-fold 
and 10-fold concentrations for all cytokines in each tumor model. No 
difference was found between the tumor models (Fig. 3. These data 
indicate that it is not necessary to evaluate the influence of matrix effect 
on every tumor model included in a study; it is more important to 
investigate the matrix effect for all cytokines measured. 

4. Discussion 

We have clearly demonstrated that matrix effects in tumor lysates 
affect cytokine measurements in both ELISAs and multiplex assays. This 
was shown by a lack of dilution linearity and low recovery in spike-in 
experiments. The matrix effect could be alleviated by dilution, as 
shown by us and others (Emerson et al., 2003; Taylor et al., 2012). 
However, the matrix effect could not be removed entirely at the inves-
tigated dilutions. Therefore, when diluting samples, it should be 
considered that high sample dilution poses the risk of out-diluting the 
cytokine of interest. Thus, finding the balance between minimal matrix 
effect and detectable levels of cytokines enables the most accurate 
cytokine measurements. 

Another factor that affects the degree of matrix effect was lysis buffer 
components. In this study, we found that Triton X-100 resulted in a more 
pronounced matrix effect compared to NP-40, even though they are both 
non-ionic detergents that are considered to be mild detergents. How-
ever, the impact of different detergents may vary for different cytokines 
and assays. Thus, examining dilution linearity in tumor samples pre-
pared with different lysis buffers may enable the selection of buffer 
components with lower matrix effects. 

The issue of matrix effects in tumor lysates is that estimation of the 
true value of a cytokine in tumor lysate samples is difficult. However, 
more problematic is the fact that the degree of matrix effect varies be-
tween samples even when diluted in the same manner, as shown by us 
and others (Rosenberg-Hasson et al., 2014; Taylor et al., 2012). Thus, 
small changes in cytokine concentrations between tumor lysates, may be 
explained by differences in matrix effect and should, therefore, not be 
considered as true findings. Furthermore, comparisons between samples 
diluted differently should be avoided due to the large difference in the 
matrix effect for different dilutions. In cases where sample material is 
limited, samples with the lowest volumes should determine dilution for 
all samples to minimize variation. In our hands', a 10-fold dilution of 
tumor lysates provides the most accurate measurement without out- 
diluting cytokines of interest. To enable reproducibility, authors 

should write dilution of tumor lysates in the materials and methods 
section and report actual concentration values rather than fold-change 
to permit comparison between studies. When comparing studies it 
should be considered that different assays such as ELISA and MSD might 
not result in the same absolute concentrations. Best practice guidelines 
for reporting cytokine concentrations in tumor lysates are summarized 
in the textbox below. 
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Best practice for immunoassays on tumor lysates  

o Examine dilution linearity before measuring samples  
o Consider choice of detergent and other buffer components  
o Only compare tumor lysates with the same dilution  

▪ If normalizing to total protein concentration do this as a post analysis and not to guide dilution  
o Write in method section how samples were diluted  
o Do not consider small changes (<2-fold) in cytokine concentrations as true findings  
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