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Figure S1. Fabrication of MeHA microneedles. (a) The fabrication procedure of the swellable 

microneedles. (b) 1H NMR spectra of MeHA. The degree of modification was determined by 

digital integration of the anomeric protons signals or methyl protons signals of HA and of the 

methacrylate proton signals at ~6.1, ∼5.7, and ~1.9 ppm. (c) Compression test of MNs with 

different molecular weights (10-100 kDa, 200-400 kDa, 900 kDa). 
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Figure S2. Optimization for antibody conjugation and particle concentration. (a-b) Preliminary 

optimization of antibodies amount conjugated onto microparticles using flow cytometry. (c) 

Optimization of capture antibody amount conjugated onto PMPs using microchip (5 mg/mL 

MMPs with 300 µg detection antibody per mg MMPs). (d) Optimization of the number of 

MMPs using microchip (20 mg/mL PMPs with 50 µg capture antibody per mg PMPs and 300 

µg detection antibody per mg MMPs). (e) Optimization of detection antibody amount 

conjugated onto MMPs using microchip (2.5 mg/mL MMPs and 20 mg/mL PMPs with 50 µg 

capture antibody per mg PMPs). 
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Figure S3. Limit of detection of ELISA measurement (a) and microfluidic chip measurement 

(b) for microneedles extracted S100A1 using skin model (Corresponding to Fig. 4b and Fig. 

4d). 

 

 

 

Figure S4. Optimization of elution time using the skin model. The S100A concentration after  

elution was defined based on the extracted volumes to ensure 20 times dilution.[1] 
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Figure S5. ELISA and microchip measurement of fourteen mice. (a) The optical density of 

S100A1 concentration extracted from fourteen mice. (b) Calculated the original concentration 

of S100A1 based on the inverse regression using the established ELISA standard curve (Figure 

4c). (c) Microchip measurement of S100A1 extracted from fourteen mice and displayed with 

PMP accumulation lengths. (d) Calculated the original concentration of S100A1 based on the 

inverse regression using the microchip standard curve (Figure 4e). 

 

 

Statistical analysis 

1. Linear calibration curve 

The calibration model is assumed to be y = b0 + b1x, using least-squares regression by 

incorporating the variance of model parameters, i.e. intercept b0 and slope b1,
 as shown in 

follows: 
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where,
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bs are the variances of y values, intercept b0 and slope b1, n is the total data point 

number, i.e. 𝑛 = ∑ 𝑚𝑗
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anticipated value of y for a specific concentration level. 

Therefore, the calibration model can be written as: 
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where, t(1-α/2, n-2) is the critical value of student t distribution where 1 - α/2 is the confidence 

interval of two-tailed hypothesis tests, and 1/m is the contribution of the uncertainty from the 

average of m replicates in future observations.[2-3] 

 

2. Limit of detection 

The limit of detection can be obtained based on the non-central t-distribution: 
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where xmin is the minimum of x and ( , , 2)n  −  is the non-centrality parameter which protects 

against type I and type II errors (less than 5% of false positive/negative rate).[2] 
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3. Inverse regression 

Inverse regression is utilized to get the estimated concentration based on the calibration model 

after reading the average distances. The equations are as follows: 
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where, 0x  is the predicted concentration, i.e. 0 0 10
( ) /
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x y b b= − , 0m
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replicated measurements and the variances of 0x  can be derived as: 
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Hence, the error can be estimated as 
0(1 /2, 2)n x

t s− − , where m = 3, and t = 1.645 for 95% of the 

confidence interval of two-tailed hypothesis. 
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