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ABSTRACT 

Electrochemiluminescence (ECL) with high sensitivity and excellent 

controllability provides a promising approach for ultrasensitive detection of multiple 

biomarkers. However, the detection for multiple types of biomarkers on a single 

interface remains considerable challenge owing to the functional differentiation of 

different types of biomarkers. Herein, we utilized “on-off-on” switching, 

target-induced cleavage of peptide, and TdT (terminal deoxynucleoside 

transferase)-mediated extension successfully constructing a novel ECL biosensor for 

the ultrasensitive detection of microRNA-141 (miRNA-141) and matrix 

metalloproteinase-2 (MMP-2). Importantly, the dual biomarkers are related with 

several identical cancers, which endow the biosensor with diagnostic accuracy and 

efficiency. In this protocol, target 1 (miRNA-141) firstly hybridized with probe DNA 

(pDNA) assembled on CdS QDs modified sensing surface. Afterwards, miRNA-141 

captured trigger DNA (tDNA) to generate a long ssDNA nanotail via TdT-mediated 

DNA polymerization. Then the forming ssDNA could capture abundant 

Fc-peptide-ssDNA conjugates through the hybridization reaction, the ECL intensity 

quenched significantly due to the efficient quenching effect of Fc to CdS QDs, 

realizing the ultrasensitive detection of miRNA-141 with a detection limit of 33 aM 

(S/N=3). After incubated with target 2 (MMP-2) which specifically cleaved the 

Fc-peptide-ssDNA conjugates causing the releasing of Fc from the sensing surface, 

the ECL intensity had an obvious enhancement, achieving the ultrasensitive analysis 

of MMP-2 with a detection limit of 33 fg·mL
-1

 (S/N=3). More importantly, this 
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biosensor also realized the monitoring of biomarkers in different cancer cells and 

human serum, which indicated that the biosensing system could serve as applicable 

tools in clinical analysis. 

INTRODUCTION 

The detection for multiple biomarkers toward identical cancer could 

considerably improve diagnostic accuracy and efficiency, which holds critical promise 

in reducing the burden of cancer.
1
 Up to now, numerous efforts have been devoted to 

constructing biosensors for the monitoring of multiple biomarkers in the field of 

fluorescence, surface-enhanced Raman spectroscopy, electrochemistry, 

electrochemiluminescence, and photoelectrochemistry, which usually depend on the 

functional differentiation of biomarkers, such as the specific recognition of antigen 

with antibody and the selective hybridization of DNA/microRNA(miRNA) with 

molecular beacons.
2-5

 As a result, the existing literatures concerning the detection for 

multiple biomarkers usually get stuck in the analysis of the same type of biomarkers. 

However, there are many types of biomarkers, such as protein, nucleic acid, and the 

combination of different types of biomarkers could reflect more comprehensive 

information and play decisive role in clinical decision-making. Therefore, it is highly 

meaningful but full of challenge to develop a biosensor for the detection of multiple 

types of biomarkers. 

Electrochemiluminescence (ECL), as a powerful analytical technique, has been 

received increasing concern owing to its merits of high sensitivity, low background, 

Page 3 of 23

ACS Paragon Plus Environment

Analytical Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



4 

 

simple operation, and excellent controllability,
6,7,8

 which enable prospective 

application in the detection of multiple biomarkers. Specifically, a potential-resolution 

ECL system labelling diverse luminophores with different ECL-potential responses, 

has been successfully applied to monitor multiple biomarkers. Jiang′s group has 

reported a potential-resolution ECL system achieving the determination of two 

antigens at the cell surface with Ru(bpy)3
2+

/luminol as ECL luminophores.
9
 

Unfortunately, the potential-resolution ECL system for multiple ECL detection has 

usually restricted with unavoidable cross reactions among different ECL 

luminophores. Recently, our group has devoted to circumvent this problem.
10-12

 For 

example, the implementation of reasonable-regulated movement of DNA-based 

nanomachines achieves the multiple detecton of miRNAs,
11,12 

and the application of 

multivariate linear algebraic equations realizes the multiple monitoring of proteins.
10

 

Although the above-mentioned assays have successfully overcome the inevitable 

cross reactions, these developed methods are limited to detect the same types of 

biomarkers. Therefore, it is extremely challenging to provide a feasible approach to 

analyzing multiple types of biomarkers on a single interface with the capacity to 

eliminate cross reactions. 

MicroRNA-141 (miRNA-141), a small regulatory molecule with the function to 

modulate the activity of specific mRNA, plays an important role in cellular 

proliferation, differentiation and apoptosis.
13,14

 Consequently, the dysregulated 

expression (downregulation or upregulation) of miRNA-141 usually correlated with 

various cancers, including colorectal cancer,
15

 breast cancer,
16

 pancreatic cancer,
17 
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ovarian cancer,
18

 prostate cancer,
19

 and so on. In addition, matrix metalloproteinase-2 

(MMP-2), a decisive member of the matrix metalloproteinases (MMPs), plays a vital 

part in the process of tumor invasion, angiogenesis and metastasis.
20

 Moreover, 

MMP-2 upregulated in various malignant tumor, such as colorectal cancer,
21

 breast 

cancer,
22

 pancreatic cancer,
23

 ovarian cancer,
24

 prostate cancer,
25

 cervical cancer
26

. 

Comparison with the corresponding cancers for miRNA-141 and MMP-2, we inferred 

that miRNA-141 and MMP-2 could serve as promising biomarkers for several 

identical cancers. Therefore, the construction of an ultrasensitive sensing platform 

which is aimed at detecting the dual types of biomarkers, is significantly meaningful 

for improving cancer diagnostic accuracy and efficiency.  

Herein, we rationally developed a novel “on-off-on” ECL biosensor based on 

TdT-mediated extension and target-induced cleavage of peptide for the ultrasensitive 

detection of miRNA-141 and MMP-2 toward identical cancer on a single interface, 

improving the diagnostic efficiency and accuracy. As illustrated in Scheme 1, to begin 

with, target 1 (miRNA-141) hybridized with 5′-thiolated and 3′-phosphate 

group-blocked probe DNA (pDNA) modified on the CdS QDs surface which serve as 

the ECL emitters, and the pDNA could hybridize with trigger DNA (tDNA). With the 

help of TdT, a long ssDNA nanotail was generated at 3' OH terminal of tDNA, and 

then the forming nanotail could capture numerous Fc-peptide-ssDNA conjugates, 

leading to a signal switch “off” state owing to efficiently quenching effect of Fc to 

CdS QDs
27

 and thus achieving the ultrasensitive detection of target 1 (miRNA-141). 

In the presence of target 2 (MMP-2), Fc-peptide-ssDNA conjugates 
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(HOOC-PLGVR-Fc) were specifically hydrolyzed at a particular site between G and 

V, leading Fc to release from the sensing surface and provoking a switch “on” state. 

Depending on the recovery of ECL intensity, the biosensor successfully realized the 

detection of target 2 (MMP-2). More importantly, as an example, this elaborated 

biosensor was successfully implemented for detect targets in spiked serum samples 

and cancer cells, indicating the platform holds considerable potential for the real 

application of cancer diagnosis. 

 

Scheme 1. Fabrication of the ECL Biosensing Platform for the Detection of 

Multipe Types of Biomarkers on a Single Interface. 

EXPERIMENTAL METHODS 

The analytical apparatus, measurements, chemicals and materials, preparation and 

characterization of the ECL emitter, the synthetic process of Fc-peptide-ssDNA 

conjugates, cell culture and total RNA extraction， and polyacrylamide gel 

electrophoresis (PAGE) are displayed in the Supporting Information. 

Fabrication of the Proposed Biosensor. The schematic manifestation 
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displaying the step fabrication of the prepared biosensor was shown in Scheme 1. To 

start with, the GCE was polished with alumina slurry, followed by rinsing with 

anhydrous ethanol and ultrapure water for 5 min, respectively. The well-polished GCE 

was first coated with 18 µL of CdS QDs with an air-drying treatment. 10 µL of 2.0 

µM pDNA was incubated for 16 h on the CdS QDs surface at room temperature, 

followed by soaking in 1 mM HT for 40 min to block the nonspecific binding sites. 

Then 10 µL of target 1 (miRNA-141) was dropped onto the electrode for 2 h. After 

that, the above modified electrode was incubated with 10 µL of 2.0 µM tDNA for 2 h. 

Subsequently, the resultant electrode was immersed in the TdT extension solution 

(200 U·mL
-1

 TdT, 4 mM dATP, 50 mM KAc, 10 mM Mg(Ac)2, 20 mM Tris-Ac, 0.25 

mM CoCl2, pH 7.9) and incubated at 37 °C for 60 min to form a long trigger nanotail. 

Following that, the Fc-peptide-ssDNA conjugates solution (The detailed synthetic 

process was showed in the Supporting Information.) was cast onto the modified 

electrode for 2 h to make the conjugates assemble on the sensing surface through the 

hybridization of ssDNA and trigger nanotail. Finally, the resultant modified electrode 

was incubated with 10 µL of MMP-2 for 60 min to specifically cleave the 

Fc-peptide-ssDNA conjugates and make quencher leave the biosensing surface. After 

each step, the modified electrode was thoroughly rinsed with PBS (pH 7.4) to get rid 

of physically absorbed species.  

RESULTS AND DISCUSSION 

Electrochemical Characterization of the Assembled Biosensing Platform. As 

an effective technique for interfacial investigation, electrochemical impedance 
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spectroscopy (EIS) was harnessed to characterize the fabrication of the biosensor. As 

illustrated in Figure 1A, a small semicircle was obtained from thoroughly cleaned 

bare GCE (curve a). When CdS QDs were dropped onto the electrode surface, a 

distinctly increased semicircle was acquired (curve b), resulting from the intrinsic 

semi-conductive property of CdS QDs. After the biosensing surface was incubated 

with negatively charged pDNA, the resistance augmented (curve c) owing to the 

electrostatic repulsion to negatively charged [Fe(CN)6]
3-/4-

 in test solution. 

Subsequently, blocking of nonspecific sites with HT generated a decreased resistance 

(curve d), because the modified HT compelled pDNA to undergo conformational 

changes whose strands stood up and oriented towards the solution.
28, 29

 With the 

stepwise assembling of miRNA-141, tDNA and extension solution, the resistance 

sequentially increased (curve e, f, and g) due to the augment of interfacial negative 

charge causing an increased barrier for the [Fe(CN)6]
3-/4-

 to the biosensing interface. 

After the Fc-peptide-ssDNA conjugates were immobilized onto the electrode, the EIS 

signal significantly increased (curve h) since the charge transfer hindrance of peptide 

and ssDNA over the promotion of Fc. When the electrode was incubated with MMP-2, 

the resistance obviously reduced (curve i) because Fc-peptide-ssDNA conjugates 

(HOOC-PLGVR-Fc) were specifically cleaved at the recognition site (between G and 

V) by MMP-2 leading Fc release from the sensing surface. These above-mentioned 

results indicated that the designed biosensor was satisfactorily fabricated.  

ECL Performance of the On-Off-On Switching Process. As shown in Figure 

1B, there was a high ECL response when the electrode was coated with CdS QDs 

Page 8 of 23

ACS Paragon Plus Environment

Analytical Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



9 

 

(state on). However, after the fabrication of Fc-peptide-ssDNA conjugates, the ECL 

intensity significantly quenched due to the quenching effect of Fc to CdS QDs (state 

off). Surprisingly, the ECL intensity obviously augmented (state on) when target 2 

(MMP-2) was incubated on the electrode, because MMP-2 specifically hydrolyzed the 

peptide of the Fc-peptide-ssDNA conjugates, leading to the release of the quencher 

from the sensing platform. The above results demonstrated the on-off-on switching 

system was successfully proposed. 

 

Figure 1. (A) The EIS characterization of the stepwise modified electrodes in 2 mL 

PBS (pH 7.4, 0.1 M) containing 0.1 M KCl and 5.0 mM [Fe(CN)6]
3-/4-

: (a) bare GCE; 

(b) CdS/GCE; (c) pDNA/CdS/GCE; (d) HT/pDNA/CdS/GCE; (e) 

miRNA-141/HT/pDNA/CdS/GCE; (f) tDNA/miRNA-141/HT/pDNA/CdS/GCE; (g) 

extension solution/tDNA/miRNA-141/HT/pDNA/CdS/GCE; (h) Fc-peptide-ssDNA 

conjugates/ extension solution/tDNA/miRNA-141/HT/pDNA/CdS/GCE; (i) 

MMP-2/Fc-peptide-ssDNA conjugates/extension 

solution/tDNA/miRNA-141/HT/pDNA/CdS/GCE. (B) ECL performance of the 

on-off-on switching process in PBS solution (pH 7.4) including 0.05 M of K2S2O8: 
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coated with CdS QD (state on, a), incubated with Fc-peptide-ssDNA conjugates (state 

off, b), incubated with target 2 (MMP-2) (state on, c). 

Optimized Conditions of the Proposed Biosensor. In order to improve the 

sensitivity and quenching efficiency of the constructed biosensor, the optimal 

concentration of the peptide during the process of the synthetic Fc-peptide-ssDNA 

conjugates was firstly investigated. Figure 2A showed that the ECL intensity 

decreased with an increasing concentration of peptide with 2 µM of ssDNA. 

Moreover, when the concentration of peptide was 100 µM, a minimum value emerged, 

 thereby, 100 µΜ  was selected as the optimizing concentration in the conjugates 

synthetic process of peptide.  

Furthermore, the incubation time of MMP-2 also played a critical role in the 

performance of the developed biosensor. As illustrated in Figure 2B, the signal 

augmented with the passage of incubation time, and nearly became a constant value at 

30 min. Therefore, the optimal incubation time for MMP-2 was chosen 30 min. 

 

Figure 2. (A) Optimizing the concentration of the peptide in the Fc-peptide-ssDNA 

conjugates synthetic step. (B) Optimizing the incubation time of MMP-2. All ECL 
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intensity was measured in 0.05 M K2S2O8 in 2 mL of PBS (0.1 M, pH 7.4) by 

scanning the potential from -1.2 to 0 V (vs Ag/AgCl) at a scanning rate of 0.1 V·s
-1

 

with the voltage of 800 V.  

Ultrasensitive Detection of Dual Types of Biomarkers with the 

Well-designed Biosensor. The proposed biosensor was exploited to detect the dual 

biomarkers with a series of concentration under the optimum conditions. As illustrated 

in Figure 3A, the ECL intensity gradually decreased with an incremental 

concentration of target 1 (miRNA-141) from 0.1 fM to 100 pM (curves a-g). 

Moreover, the quenching of ECL intensity linearly responds to the logarithmic value 

of miRNA-141 concentration with squared correlation coefficient of R
2
 = 0.997. In 

addition, the equation was expressed as I = 3526.7 - 1206.9 lgc1, where I was the ECL 

intensity and c was the concentration of target, and the estimated detection limit of 

target 1 was 33 aM. 

Nevertheless, it was obviously seen from Figure 3B that the ECL intensity 

gradually increased with the variation of target 2 (MMP-2) concentration from 0.1 

pg·mL
-1

 to 100 ng·mL
-1

 as the concentration of target 1 (miRNA-141) fixed with 100 

pM. In addition, the linear equation was I = 8313.0 + 1168.2 lgc2 with the squared 

correlation coefficient of R
2
 = 0.998, and the detection limit was estimated 33 fg·mL

-1
. 

Impressively, compared with other reported literatures (Table 1 and Table 2), the 

elaborately designed biosensor not only realized multiple detection for dual cancer 

markers toward identical cancer, but also exhibited high sensitivity, paving an 
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promising way for clinical diagnosis.  

 

 

Figure 3. (A) ECL response of the developed biosensor with different concentrations 

of target 1 (miRNA-141): (a) 0.1 fM, (b) 1 fM, (c) 0.01 pM, (d) 0.1 pM, (e) 1 pM, (f) 

10 pM, (g) 100 pM. (B) ECL intensity of the biosensor in various concentrations of 

target 2 (MMP-2): (a) 0.1 pg·mL
-1

, (b) 1 pg·mL
-1

, (c) 0.01 ng·mL
-1

, (d) 0.1 ng·mL
-1

, 

(e) 1 ng·mL
-1

, (f) 10 ng·mL
-1

, (g) 100 ng·mL
-1

. The scanning potential ranged from 

-1.2 to 0 V, and the ECL signal was detected in PBS (pH 7.4) containing 0.05 M of 

K2S2O8. 

Table 1. Comparison of the Proposed Biosensor for Target 1 (miRNA-141) with 

Other Work 

Method Target Linear range Detection limit References 

photoelectrochemical miRNA-141 0.1 fM-0.5 nM 27 aM 30 

fluorescent miRNA-21 10 fM-100 nM 10 fM 31 

electrochemical miRNA-122 0.1 fM-0.5 nM 0.1 fM 32 

electrochemical miRNA-122b 10 aM-1 pM 10 aM 33 

ECL miRNA-21 10 fM-10 pM 10 fM 34 
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ECL miRNA-141 0.1 fM-100 pM 33 aM This work 

Table 2. Comparison of the Elaborated Biosensing Platform for Target 2 

(MMP-2) with Other Work 

Method Target Linear range Detection 

limit 

References 

fluorescent MMP-2 10 pg·mL
-1

-500 pg·mL
-1

  10 pg·mL
-1

 35 

fluorescent MMP-2 1 pg·mL
-1

-500 pg·mL
-1

  1 pg·mL
-1

 36 

electrochemical MMP-2 0.5 pg·mL
-1

-50 ng·mL
-1

  0.11 pg·mL
-1

 37 

electrochemical MMP-2 0.5 pg·mL
-1

-50 ng·mL
-1

  0.15 pg·mL
-1

 38 

electrochemical MMP-2 0.1pg·mL
-1

-20 ng·mL
-1

  0.03 pg·mL
-1

 39 

ECL MMP-2 0.1 pg·mL
-1

-100 ng·mL
-1

 33 fg·mL
-1

 This work 

Performance of the Developed Biosensor. Stability is a vital factor to assess 

the performance of the developed biosensor. As illustrated in Figure 4A, the ECL 

response had scarcely any variation under continuous cyclic scans for 9 cycles with 

the relative standard deviation (RSD) of 1.37%, which indicated that the biosensor 

possessed the well-characterized of excellent stability. 

To further estimate the reproducibility of the developed biosensor, the inter- and 

intra-assays were performed. As shown in Figure 4B, the intra-assay precision was 

explored by determining the ECL responses of four different sensing electrode made 

in the same batch, and the calculated relative standard deviation (RSD) was 3.42%. 

Moreover, the inter-assay precision was investigated by monitoring the ECL intensity 

of the same biosensing electrode under the different batches, and the RSD value was 

3.31%. The RSD values of the intra- and inter-assays were all below 5%, indicating 
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the outstanding reproducibility of the ECL biosensor. 

 

Figure 4. (A) ECL stability of the biosensor under continuous cyclic potential 

scans for 9 cycles under the biosensor incubated with TdT extension solution. (B) the 

reproducibility (intra-assays and inter-assays) of the proposed biosensor under the 

biosensor incubated with 1 ng·mL
-1

 MMP-2. All ECL intensity was measured in 0.05 

M K2S2O8 in 2 mL of PBS (0.1 M, pH 7.4) by scanning the potential from -1.2 to 0 V 

(vs Ag/AgCl) at a scanning rate of 0.1 V·s
-1

 with the voltage of 800 V.  

To investigate the selectivity of the biosensor, multiple miRNAs and proteins 

were used as interfering substances. The comparative experiments for target 1 

(miRNA-141) were conducted by using miRNA-21 (1 nM), miRNA-199a (1 nM), 

and miRNA-155 (1 nM) to replace miRNA-141(10 pM), respectively. As illustrated in 

Figure 6A, the interfering substances with little ECL response were detected, however, 

significant quenching was observed when detected the solution of miRNA-141 and 

the mixture containing 10 pM of miRNA-141. Therefore, the well-designed biosensor 

exhibited prominent specificity for target 1 (miRNA-141).  
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To investigate the selectivity for target 2 (MMP-2), interfering agents was used 

to substitute MMP-2 (10 ng·mL
-1

), including MMP-7 (100 ng·mL
-1

), lgG (100 

ng·mL
-1

), and CEA (100 ng·mL
-1

), respectively. As described in Figure 6B, the ECL 

intensity of MMP-2 and the mixture containing MMP-2(10 ng·mL
-1

) dramatically 

augmented, nevertheless, the signal of the interfering agents were no remarkable 

difference with the high concentration of 100 ng·mL
-1

. According to the above results, 

we concluded that the biosensor displayed high specificity for target 2 (MMP-2). In 

summary, with desirable selectivity and stability, the biosensing platform showed 

potential applications in detecting different types of biomarkers toward identical 

cancer.  

 

Figure 5. Investigated the selectivity of the designed biosensor with different 

substance: (A) miRNA-21 (1 nM), miRNA-199a (1 nM), miRNA-155 (1 nM), 

miRNA-141 (10 pM), and the mixture containing target 1 (10 pM); (B) MMP-7 (100 

ng·mL
-1

), lgG (100 ng·mL
-1

), CEA (100 ng·mL
-1

), MMP-2 (10 ng·mL
-1

), and the 

mixture containing target 2 (10 ng·mL
-1

). 

Real Sample Analysis of the Proposed Biosensor. To investigate the 
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applicability of the biosensor in practical samples, the following experiments were 

conducted. To begin with, the sensor was applied to detect target 1 (miRNA-141) in 

the lysates from 22Rvl cancer cells and MCF-7 cancer cells. According to the 

experimental data in Figure 6, the ECL intensity decreased with the increasing of the 

cell numbers (b, c, d). The above-mentioned result showed that miRNA-141 was 

overexpressed in 22Rvl, which was compatible with the previous work.
19

 However, 

ECL signal was slightly changed when incubating with the lysates from human breast 

(MCF-7) cancer cells (b, c, d), and the results were consistent with reported work.
16

  

To further study the applicability of the biosensor for MMP-2 analysis, the 

biosensor was implemented to monitor the MMP-2 in the 20-fold diluted serum 

(serum from healthy human, serum from prostate cancer patient, and serum from 

breast cancer patient) and lysates from 10
5 

22Rvl cancer cells and MCF-7 cancer cells. 

In order to ensure accuracy for the MMP-2 analysis, we introduced 100 pM of target 1 

(miRNA-141) in advance. As showed in Figure 7, the ECL signal had a significant 

increase in all real samples (b, c, d, e, f) compared with the blank detection (a), and 

the ECL signal (c, d, e, f) was higher than serum from healthy human (b), which 

indicated that MMP-2 was overexpressed in cancer patients serum and lysates from 

cells, and the results were in agreement with the published reports.
22,25

 Therefore, the 

biosensor holds the significant promise for ultrasensitive detection of MMP-2 in 

clinical diagnosis and prognostic evaluation. It can be concluded that the biosensor 

provided an efficient tool for monitoring different types of biomarkers toward 

identical cancer for improving cancer diagnostic efficiency and accuracy. 
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Figure 6. Analysis of miRNA-141 from the lysates from 22Rvl cancer cells and 

MCF-7 cancer cells: (a) blank detection without miRNA-141; (b) 10
3
 cancer cells; (c) 

10
4
 cancer cells; (d) 10

5 
cancer cells. 

 

Figure 7. Analysis of MMP-2 in human serum and the lysates from cancer cells: (a) 

blank detection without MMP-2 (b) serum from healthy human; (c) serum from 

prostate cancer patients; (d) lysates from 10
5 

22Rvl cancer cells; (e) serum from breast 

cancer patients; (f) lysates from 10
5 

MCF-7 cancer cells. 

CONCLUSIONS 

In conclusion, we developed a novel electrochemiluminescence (ECL) biosensor 
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based on “on-off-on” switching, TdT-mediated extension and target-induced cleavage 

of peptide for the ultrasensitive detection of multiple types of biomarkers toward 

identical cancer on a single interface with diagnostic efficiency and accuracy. 

Furthermore, this elaborated biosensor was successfully used for monitoring multiple 

biomarkers on a single interface with one luminophore, which efficiently avoided the 

potential cross-reaction and operated simply. More importantly, the biosensor was 

implemented in real sample with sensitivity and could be applied as an ideal sensing 

platform for the detection of other different types of cancer biomarkers by changing 

the corresponding sequences of the pDNA, tDNA and peptide, paying a new avenue 

for cancer diagnosis and prognostic evaluation. 
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