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Simple Summary 

Galectin-3 is a protein involved in the immune system that may be useful for future breast cancer 

treatments. Galectin-3 levels are usually measured using manual Enzyme-Linked Immunosorbent 

Assay (ELISA), but new tools such as the Ella instrument can perform ELISA more quickly and 

reliably. The goal of this paper is to see where there is a difference in the measurements of galectin-3 

between the manual ELISA and the new Ella instrument. Galectin-3 levels were measured for 95 

different breast cancer patients using both manual ELISA and automated Ella. Our study found that 

there is generally good agreement between ELISA and Ella measurements, but Ella measurements 

tend to be lower than those of manual ELISA. Ella is also more precise in its measurements. This 

study helps clarify the differences between ELISA and Ella to determine which method is most 

accurate, reliable, and precise for measuring galectin-3 levels in breast cancer patients. 

Abstract 

Background: Galectin-3 (Gal-3) levels have been indicated as a promising diagnostic, prognostic, and 

therapeutic target in breast cancer patients. Serum galectin-3 levels are traditionally measured using 

manual Enzyme-Linked Immunosorbent Assay (ELISA), but recent automated methods, such as 

ProteinSimple’s SimplePlex assay run on an Ella instrument, have shown promising evidence of 

being faster and less error-prone than manual methods. This paper aims to assess whether there are 

differences in serum galectin-3 measurements between automated and manual ELISA methods. 

Methods: Galectin-3 serum levels were analyzed from one hundred and five breast cancer samples using 

both manual ELISA and the Ella instrument. JMP was used to perform paired t-tests and regression 

analyses. Results: The Ella instrument resulted in significantly lower coefficients of variation (CV), 

confirming that it is more precise and reliable than manual ELISA methods. There was a moderate 

correlation between ELISA and Ella measurements (r=0.54), but a paired t-test revealed that automated 

ELISA using Ella resulted in significantly lower galectin-3 levels compared to manual ELISA (p<0.0001). 

Regression analysis showed a significant increase in the difference between Ella and manual ELISA 

measurements as serum galectin-3 levels increase (p<0.0001). Conclusions: While the Ella instrument is a 

fast and reliable tool, the discrepancies between manual ELISA and the Ella instrument in quantifying 

galectin-3 levels are important to address prior to widespread use. 
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1. Introduction 

Galectins are a family of β-galactoside-binding proteins that modulate immune responses and 

tissue growth, differentiation, and regeneration [1]. Of the 15 known mammalian galectins, galectin-

3 is the only chimera-type with two distinct but homologous carbohydrate recognition domains [2]. 

Expression of galectin-3 has been identified in many tissues, including the lungs, colon, kidneys, 

blood, heart, urogenital tracts, reproductive tract, and digestive tracts [3]. Additionally, galectin-3 

expression has been demonstrated in myeloid, epithelial, and endothelial cells [4]. Intracellularly, 

galectin-3 is localized within the cytoplasm, nucleus, cell membrane, and even extracellularly, with 

some cells exclusively or predominantly expressing the protein in either the nucleus or the cytoplasm, 

depending on the cell type [5]. Galectin-3 has been implicated across pathologies as an important 

biomarker and factor in disease processes. Utilizing galectin-3 as a prognostic factor and potential 

therapeutic target has shown promising results in many diseases, including diabetes, intracerebral 

hemorrhage, cardiovascular disease, kidney disease, and many types of cancers [6–12]. 

Galectins are highly involved in immune system regulation, and galectin-3 is a significant 

modulator of the signaling pathways governing immune system activation. Galectin-3 is an 

important modulator of T-cell growth [13]. Previous studies suppressing galectin-3 levels have 

shown a significant reduction in T-cell proliferation [14]. Additionally, galectin-3 is involved in the 

activation of mast cells, monocytes, and macrophages as well as facilitating neutrophil invasion 

through a pro-inflammatory response [2,15–17]. Intracellularly, galectin-3 also acts as an important 

pre-mRNA splicing factor with galectin-1 [18] 

In cancer cells, galectin-3 promotes cell survival, growth, and proliferation. Previous studies 

have consistently shown that galectin-3 is upregulated in many types of cancer, including breast 

cancer[19]. Galectin-3 is highly expressed in both natural and chemically induced tumors [20]. The 

exact mechanistic role of galectin-3 has not yet been determined, as galectin-3 is implicated in many 

signaling pathways involved in breast cancer disease progression, such as the Ras/Raf/MEK/ERK and 

Notch pathways, which modulate cell survival and metastasis [21]. Angiogenesis, a critical element 

in metastasis and tumor growth, is also heavily modulated by galectin-3 [22]. In endothelial cells, 

galectin-3 acts as a scaffolding protein, stabilizing and promoting the vascularization process [21]. 

Additionally, galectin-3’s activation of the Vascular Endothelial Growth Factor A Receptor 2 

(VEGFR2) signal transduction pathway and Jagged-1/NOTCH-1 activation is another mechanism for 

promoting angiogenesis and metastasis in breast cancers [23]. 

Galectin-3 plays another crucial role in chemoresistance and tumor survival. Under stressed 

conditions such as hypoxia and nutrient deficiency, where cancerous cell growth might normally be 

slowed, upregulation of galectin-3 promotes cell survival and migration to areas with more nutrients 

and oxygen [21]. When exposed to apoptotic agents such as nitric oxide, galectin-3 overexpression 

results in higher rates of survival for breast carcinoma cells. Mechanistically, galectin-3 promotes 

apoptosis resistance in this case by maintaining mitochondrial integrity by inhibiting cytochrome c 

release and caspase activation, as well as preventing the loss of cell adhesion [24]. Cisplatin, an 

important therapeutic drug that induces apoptosis in breast cancer cells, is inhibited by high levels 

of galectin-3 expression [25,26]. 

As an innate immune regulator, galectin-3 is involved in lymphocyte regulation within the 

tumor microenvironment to promote immunosuppression. Galectin-3 is implicated in regulating 

many factors of T-cell receptor signaling [27]. While intracellular galectin-3 inhibits 

chemotherapeutic-induced apoptosis in tumor cells, extracellular galectin-3 promotes T-cell and 

thymocyte death by binding to surface glycoproteins [28]. As a mechanism for promoting 

immunosuppression, galectin-3 suppresses the proliferation of tumor-reactive T cells [29]. Because of 

its role in immunosuppression, galectin-3 inhibitors have shown promise in early-phase clinical trials 

as potential immunotherapies across many cancer types [27]. 

Galectin-3 has also shown promise as a potential biomarker for disease progression. Galectin-3 

levels vary across molecular subtypes, with noted upregulation in Triple Negative Breast Cancer [30]. 

Across breast cancer subtypes, certain cancer-critical gene mutations are correlated with an 
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upregulation of galectin-3 levels, indicating the possibility of utilizing gene panels and galectin levels 

in tandem to guide treatment options [31]. Galectin-3 levels have also been found to be significantly 

elevated among patients with invasive ductal carcinoma compared to those with ductal carcinoma 

in situ [32]. Because of its role in metastasis and chemoresistance, galectin-3 is an important 

prognostic factor, and its accurate measurement in patients could provide an important guide for 

selecting treatment plans and predicting treatment response. 

Manual ELISA is the traditional method for measuring galectin-3 levels. The four major types of 

ELISA are direct, indirect, sandwich, and competitive ELISA [33]. There are galectin kits available 

that utilize each of the types of ELISA, but sandwich ELISA, which sandwiches the target antigen 

between capture and detection layers of antibodies, is the most often employed [34]. Each type of 

ELISA presents different disadvantages, such as low sensitivity, high cost, time, cross-reactivity with 

secondary detection antibodies, and large sample requirements [35]. Manual ELISA introduces 

variability in results due to human error, including pipetting errors, contamination, incubation time, 

or temperature differences [36]. The complexity and number of steps involved in manual ELISA 

result in decreased reliability between tests and testers. Due to limitations in the precision of results 

as well as the high time and sample requirements, automated machines have been developed to carry 

out ELISA tests. 

Researchers are increasingly moving towards automated assays for measuring galectin-3 in 

favor of efficiency and accuracy. The ARCHITECT assay has proven to be both cost-effective and 

reliable in producing results similar to those in traditional manual ELISA when measuring galectin-

3 in heart failure patients [37,38]. ProteinSimple, under Biotechne, has developed an automated 

immunoassay platform called SimplePlex, which is run on an Ella instrument. Ella is capable of 

running a simultaneous analysis of up to four analytes and up to seventy-two samples in a single run 

[39]. Due to its automated nature, Ella reduces sample volume, run time, and manual steps, which 

not only increases efficiency but also reduces potential sources of error [40]. Each cartridge features 

a built-in calibration curve, eliminating the need for manual creation of calibration curves, which is 

typically required for traditional ELISA. The SimplePlex runner then automatically calculates the 

concentrations of the desired target from these calibration curves. In traditional ELISA, multiplexing, 

measuring multiple analytes in a single experiment, usually reduces the sensitivity of the 

measurements due to cross-reactivity between analytes [39]. The microfluidic channels of the Ella 

cartridges separate each analyte during multiplexing, which eliminates the possibility of cross-

reactivity and maintains a high level of sensitivity [41]. Previous studies have shown that SimplePlex 

analysis with Ella maintains a high level of reproducibility between days and users, making it a 

highly reliable analysis method [39]. 

While measuring galectin-3 using manual ELISA compared with the automated SimplePlex 

analysis on Ella has yet to be done, Ella has shown promising results when measuring other 

biomarkers. In healthy volunteers, ELISA and Ella showed good concordance in measuring MCP-

1/CCL2, VEGF-A, TNF-α, and IL-6 levels [40]. Additionally, Ella possesses higher sensitivity than 

manual ELISA while minimizing the sample, time, and manual step requirements as well as test-

retest and user variability. Another study found agreement between manual ELISA and Ella in 

immunoglobulin G and antidrug antibody quantification [41]. This study noted that Ella possesses a 

wider assay range, facilitating a more dynamic range of measurements that it can collect. 

Additionally, ELISA and Ella possess similar levels of precision in the drug quantification assay, but 

Ella exhibits significantly higher precision in the immune complex assay. Within healthy women 

participating in breast cancer prevention trials, adiponectin and leptin levels show good agreement 

between manual ELISA and automated Ella measurements [42]. However, as the leptin 

measurements increase, there is a greater difference between Ella and ELISA measurements, with 

Ella measurements being greater on average than ELISA measurements. As adiponectin 

measurements increase, there is a greater difference between Ella and ELISA measurements, with 

Ella measurements being lower on average than ELISA measurements at high adiponectin levels. 

This indicates a possible overestimation of leptin levels and an underestimation of adiponectin levels 
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at higher values [42]. These variations in ELISA and Ella levels highlight the importance of 

understanding the comparisons between performing ELISA and Ella to ensure accurate data 

collection for patients. 

This paper aims to compare the serum galectin-3 levels of breast cancer patients with manual 

ELISA and automated Simple Plex with the Ella instrument. This addresses a gap in current research 

related to the comparison between manual ELISA and automated ELISA using an Ella instrument 

when measuring galectin-3 levels in breast cancer patients. With clinical researchers increasingly 

looking towards galectins as potential cancer biomarkers or therapy targets, it is imperative to 

understand the differences between these two methods. 

2. Materials and Methods 

2.1. Sample Collection 

One hundred and five breast cancer serum samples were obtained from Prisma Health Cancer 

Institute’s (PHCI) Biorepository. Patients signed a consent form at the time of sample collection. 

Patient sample data is included in the supplementary data section. 

2.2. ELISA 

Serum galectin-3 levels were measured in July of 2022 using enzyme-linked immunosorbent 

assay (ELISA) kits from R&D Systems (Minneapolis, MN, USA). The procedure can be found at: 

https://www.rndsystems.com/products/human-galectin-3-quantikine-elisa-kit_dgal30#assay-

procedure. ELISA was measured in duplicate for all samples. Ninety-six samples had coefficients of 

variation (CV) less than 10%, and there was one outlier, so ninety-five samples were included for the 

data analysis. 

2.3. Ella 

Galectin-3 levels of each serum sample were also analyzed using Simple Plex human galectin-3 

cartridges on an Ella instrument, both from ProteinSimple (San Jose, CA, USA) within Biotechne 

(Minneapolis, MN, USA). The procedure can be found at: https://www.bio-techne.com/pdf-

download-arena-document/user-manual/w-doc-0009/24. Ella was measured in triplicate for all 

samples. All samples had a CV less than 10%. 

2.4. Data Analysis 

Data analysis was performed using JMP Pro 17, a software developed by the SAS Institute (Cary, 

NC, USA). Figures were generated using Prism, which is a part of GraphPad Software Version 10.4.2 

(Boston, MA, USA). Differences in serum galectin-3 levels were compared using a paired t-test and a 

least-squares regression line. 

3. Results 

3.1. Data Overview 

Table 1 shows the overall distribution of serum galectin-3 levels determined using the two 

techniques for the ninety-five samples with a CV less than 10%. The average Ella measurements for 

serum galectin-3 levels were lower than the ELISA measurements. 

Table 1. Summary statistics of galectin-3 concentrations measured using ELISA and Ella. 

 Mean (ng/mL)  SD (ng/mL) Median (ng/mL) IQR (ng/mL) Min–Max (ng/mL) 

ELISA 12.68 8.07 10.59 7.43–15.10 2.65–48.48 

Ella 7.49 3.71 6.70 5.20–8.80 0.95–20.43 

ELISA—Ella -5.19 6.81 -4.32 -8.54–-0.30 -28.06–6.88 
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3.2. Assay Precision 

When performing ELISA analysis, CV values are used to quantify the variability in 

measurements due to the duplicate or triplicate nature of such analyses. Lower CV values indicate 

higher reproducibility and higher precision. CV less than 10% is the typical standard for intra-assay 

values, and CV less than 15% for inter-assay values. Table 2 shows the distribution of CV values 

between manual ELISA and automated Ella techniques. On average, Ella resulted in significantly 

lower CV values (p<0.001). These results are consistent with previous findings that Ella is 

significantly more precise than manual ELISA methods [40]. 

Table 2. Summary statistics of CV values with ELISA and Ella. 

 Mean (%)  SD (%) Median (%) IQR (%) Min–Max (%) 

ELISA 7.50 13.78 4.75 1.85–7.82 0.17–127.84 

Ella 2.41 1.46 2.10 1.37–3.27 0.19–6.86 

3.3. Comparison of ELISA and Ella Measurements 

Pearson’s r coefficient was used to assess the strength of correlation between manual ELISA and 

automated Ella estimates of serum galectin-3 levels. The correlation coefficient was r = 0.54, indicating 

a moderate correlation between ELISA and Ella estimates of serum galectin-3 levels. Figure 1 shows 

the line of best fit of the ELISA and Ella measurements. The spread of data around the best fit line 

indicates a moderate positive correlation between ELISA and Ella measurements of serum galectin-3 

levels. 

 

Figure 1. Best fit line of ELISA and Ella serum galectin-3 measurements with CV less than 10%. 

Galectin-3 levels measured using ELISA and Ella were compared with a paired t-test. The mean 

difference was 5.19 ng/mL with a 95% confidence interval of (-6.57–-3.80). On average, Ella resulted 

in a significantly lower recorded serum galectin-3 level than ELISA (p<0.0001). The difference 

remained significant across all ELISA and Ella plates, with no significant difference found between 

plates. Even when only data points with a CV less than 5% (N = 56) are included in the sample, the 

paired t-test still yields a significant difference between ELISA and Ella test results (p<0.0001). Among 

samples with CV less than 5%, there was a mean difference of - 4.79 ng/mL with a 95% confidence 

interval of (-6.67–-2.91). As the serum galectin-3 level increases, there seems to be a greater difference 

between the Ella and ELISA levels, as shown in the Bland-Altman Plot in Figure 2. 
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Figure 2. Bland-Altman Plot comparing the average serum galectin-3 levels between Ella and ELISA 

measurements with the differences between the two techniques. 

3.4. ELISA and Ella Measurements: Regression Line 

To quantify the apparent greater difference between ELISA and Ella measurements as serum 

galectin-3 levels increase, a least-squares regression line was fitted to the data. A significant 

relationship was found with, on average, an increase of 0.92 ng/mL (p<0.0001) in the difference 

between ELISA and Ella measurements for each 1 ng/mL increase in mean serum galectin-3 levels. 

The 𝑅2 of this model is 0.5093, indicating that approximately 50.93% of the variance in the difference 

between ELISA and Ella measurements could be attributed to differences in the mean serum galectin-

3 level. Figure 3 shows the fitted regression line with an increasing difference between the two 

techniques associated with an increasing mean serum galectin-3 level. 

 

Figure 3. A fitted least-squares regression line between mean serum galectin-3 levels and the difference between 

Ella and ELISA values with %CV<10%. Slope estimate = 0.92 (p<0.0001). 

When a least squares regression line is fitted to only measurements with %CV less than 5%, a 

significant relationship is maintained. For each 1 ng/mL increase in the mean serum galectin-3 level 

between the two techniques, there is an approximately 0.86 ng/mL increase in the difference between 

ELISA and Ella values (p<0.0001). The 𝑅2  of this model is 0.5257, indicating that approximately 
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52.57% of the variance in the difference between ELISA and Ella measurements could be attributed 

to differences in the mean serum galectin-3 level. Figure 4 shows the fitted regression line with an 

increasing difference between the two techniques associated with an increasing mean serum galectin-

3 level, in agreement with Figure 3. 

 

Figure 4. A fitted least-squares regression line between mean serum galectin-3 levels and the difference between 

Ella and ELISA values with %CV<5%. Slope estimate = 0.86 (p<0.0001). 

4. Discussion 

4.1. Study Findings 

In concordance with previous studies, our findings confirm that the Ella instrument results in 

significantly lower CV values, making it a more reliable and precise measurement technique than 

traditional manual ELISA methods. 

This study found that there is a significant difference between the manual ELISA and automated 
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adiponectin levels using both ELISA and Ella, which found an increasing difference in ELISA and 
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suggests that additional, more variable data show greater divergence between ELISA and Ella 

measurements at higher concentrations. 
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analysis methods is an important investment [30]. These findings underscore the need for 
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prognostic biomarker, different ELISA methods could result in different conclusions due to the 
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automated Ella instrument is a promising tool for ensuring precise, replicable analysis of critical 

cancer biomarkers. This is the first study to date to compare the Ella instrument with traditional 

manual ELISA methods for quantifying galectin-3. This marks a crucial step towards the possibility 

of utilizing automated methods to measure galectin-3 in breast cancer patients as a potential 

diagnostic, prognostic, and therapeutic target. 

4.3. Limitations 

Despite interesting differences between ELISA and Ella measurements of galectin-3 levels, it is 

not possible to discern from the results of this study whether Ella is underestimating ELISA or ELISA 

is overestimating Ella. Additionally, due to the lack of control samples, it isn’t possible to determine 

whether these findings are unique to breast cancer patients or indicative of a universal discrepancy 

between Ella and ELISA measurements of galectin-3 levels. Additionally, this sample size was 

constrained by sample availability in the Prisma Health Cancer Institute Biorepository. Repeating 

this analysis with a larger sample size would provide greater statistical power. If galectin-3 levels are 

to be used for diagnostic purposes or as therapeutic targets, more analysis must be done to determine 

which method provides the most accurate analysis. 

4.4. Future Direction 

Future studies should continue to analyze discrepancies in protein measurements to evaluate 

whether this is unique to the Ella instrument and galectin-3 levels or whether discrepancies are found 

among other instruments and proteins. Additionally, exploring whether these results are maintained 

for other cancer types and among control samples is an important direction for future research. 

5. Conclusions 

The speed, reproducibility, and lower susceptibility to errors of the Ella instrument represent its 

promising potential as a tool for assessing biomarkers in breast cancer patients. However, 

understanding the cause of the differences between manual ELISA and Ella measurements is 

imperative for accurate assessment of galectin-3 levels in breast cancer patients. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

ELISA Enzyme Linked Immunosorbent Assay 

Gal-3 Galectin-3 

CV Coefficient of Variation 

Ras Rat Sarcoma 

Raf Rapidly Accelerated Fibrosarcoma 

ERK Extracellular Signal-Regulated Kinase 

MEK Mitogen-Activated Protein Kinase Kinase 

VEGFR2 Vascular Endothelial Growth Factor A Receptor 2 

MCP-1 Monocyte Chemoattractant Protein-1 

CCL2 Chemokine (C-C motif) Ligand 2 

VEGF-A Vascular Endothelial Growth Factor A 

TNF- Tumor Necrosis Factor Alpha 

IL-6 Interleukin-6 
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