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Purpose: This study aims to find candidates for testicular spermatozoa retrieval biomarkers among the seminal 
plasma exLncRNA pairs. 

Materials and Methods: A set of exLncRNA pairs with the best potential biomarkers was selected and validated 
in 96 NOA samples. Weighted correlation network analysis (WGCNA) and Least Absolute Shrinkage and Selec-
tion Operator were used to identify possible biomarkers for these pairs (LASSO). These pairs' potential biomarkers 
were identified using receiver operating curves. Confusion matrices and sensitivity, specificity, positive predic-
tive value (PPV), negative predictive value (NPV), FP, false-negative rates (FNR), and F1 scores are calculated. 
Through F1 scores, we selected the best threshold value.

Results: The relative differential expression of each pair in testicular spermatozoa retrieval (+) and testicular 
spermatozoa retrieval (-) men were validated. The six pairs displayed the best biomarker potential. Among them, 
CCDC37.DT-LOCI00505685 pair and LOC440934- LOCI01929088 (XR_001745218.1) pair showed the most 
significant potential and stability for detecting testicular spermatozoa retrieval in the selected and validated cohort. 

Conclusion: CCDC37.DT-LOCI00505685 pair and LOC440934- LOCI01929088 (XR_001745218.1) pair have 
the potential to become new molecular biomarkers that could help to select clinical strategies for microdissection 
testicular sperm extraction.
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INTRODUCTION

In the case of azoospermia, there is no sperm in the 
ejaculate. The total number of males with Azoo-

spermia is approximately 1%, with the condition im-
pacting approximately 15% of all infertile males(1). It is 
broadly classified into two types (nonobstructive azo-
ospermia (NOA) and obstructive azoospermia (OA)). 
The incidence of NOA is higher than that of OA, at 
almost 60% (2). Testicular causes of NOA include con-
genital causes such as Klinefelter syndrome, Y chromo-
some microdeletions, cryptorchidism, postnatal factors 
such as exposure to radiotherapy and chemotherapy, 
genital trauma, and infectious diseases such as mumps 
orchitis and SARS-CoV-2(3). Furthermore, more than 
15% of cases of NOA are idiopathic(4).
Most cases of NOA are related to spermatogenic fail-
ure, which is not curable. 
The NOA patients who achieved fertility need to seek 
the sole technique which is intracytoplasmic sperm in-
jection (ICSI) combined with surgical sperm retrieval 
(SR) techniques. For surgical sperm retrieval (SR), 
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various techniques contain conventional testicular 
sperm extraction (cTESE), testicular sperm aspiration 
(TESA), and microsurgical testicular sperm extraction 
(micro-TESE). Among them, the SR rate with mi-
cro-TESE in NOA improved to 77%(5-8).
Various factors influenced the success rate of SR tech-
niques in NOA patients in couples pursuing fertility 
treatment. To some extent, the experience of surgeons 
and laboratory expertise influence SR success. Among 
them, SR predictors of pre-operation include clinical 
parameters, laboratory parameters, and the utility of ad-
juvant therapy before SR. By using ejaculated sperm, 
studies have shown that younger men can have a better 
chance of conceiving than older men(9). Seminiferous 
tubules account for approximately 75–85 % of the mass 
of the testes(10). In general, testicular volume indicates 
spermatogenetic activity, with lower testicular sizes 
corresponding to lower SR rates. Historical studies 
have regarded the FSH level as a testicular function 
marker (10-13). Inhibin B levels have shown a certain de-
gree of sensitivity and specificity in predicting SR suc-
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cess (14,15). Moreover, many models based on FSH, LH, 
testosterone, and Inhibin B, may be applied to predict 
the success SR rates among NOA patients(8,16-18).
  Currently, the search for new effective biomarkers of 
the success rates of SR is driven by the need for alter-
native diagnostic approaches. The expression level of 
ZMYND15 and SPEM1 may have the potential for the 
prediction of successful SR(19,20). The expression level 
of these genes (ZMYND15, TNP1, and PRM1) may 
have the potential for the prediction of successful sperm 
retrieval(21). But the analysis may be invasive; we need 
many non-invasive methods to predict successful SR. 
The seminal plasma is rich in exosomes. A population 
of small non-coding RNAs is found in exosomes in se-
men. The semen exosomes serve as rich noninvasive 
biomarkers, such as testis-specific RNA and other mol-
ecules, which indicate a better pathological process (22). 
Long noncoding RNA ( LncRNA ) is a class of non-cod-
ing RNA molecules with a length > 200 nt, which is 
closely related to the occurrence and development of 
many human diseases(23). In recent years, a large num-
ber of studies have shown that lncRNA is particular in 
testicular tissue and can be used as an important regu-
latory molecule to participate in spermatogenesis(24-26). 
Many of them display restricted expression in the testis, 
suggesting that LncRNAs may be ideal biomarkers for 
male reproductive system disorders(27,28).

Yet, there exists no data with regards to the expression 
ratios of sperm LncRNAs about successful SR concern-
ing pairwise comparison. Considering the prevalence of 
LncRNA expression which is strongly correlated with 
stability, LncRNA expression profiles might also reflect 
the stability of these correlations. Infertility biomarkers 
might be based on 16 LncRNA pairs detected in highly 
fertile patients with highly stable relative expression(29). 
The goal of this research was to find biomarkers that 
are most suited to assessing successful SR among stable 
sperm LncRNA pairs. Each group chose the best LncR-
NA pairings to use in the correct diagnosis. The pairs 
chosen were validated using an independent cohort. 

MATERIALS AND METHODS
Extracellular vesicle LncRNA profiles in seminal 
plasma
Extracellular vesicle LncRNA profiles from 96 NOA 
samples were included. The data was downloaded from 
the previous study(29). Totally, ninety-six NOA patient 
data sets were randomly divided into screen (30 pa-
tients) and validation (66 patients) set by Approx. 3:7. 
All NOA patients experienced related medical therapy 
(such as varicocele repair or drug therapy). According 
to the committee opinions of the American Society for 
Reproductive Medicine, non-obstructive azoospermia 

character			   screen set		  validation set	 P value

n				    30		  66	
Age (mean (SD))			   30.63 (4.90)		  32.23 (7.86)		  0.309
FSH (IU/I) (median [IQR])		  16.74 [12.54, 25.28]	 14.41 [6.16, 28.27]	 0.402
LH (IU/I) (median [IQR])		  8.39 [6.48, 10.96]	  8.76 [5.52, 13.18]	 0.797
Total testosterone (ng/ml) (median [IQR])	  3.75 [2.29, 4.26]	  3.58 [2.21, 5.14]	 0.915
Inhibin B (pg/ml) (median [IQR])		  17.43 [4.58, 32.47]	 31.44 [16.86, 73.60]	 0.04
Risk disease of NOA (%)	     	    				    0.133
   	 AZFc microdeletions	     	 3 (10.0) 	     	 1 ( 1.5) 	
   	 Cryptorchidism-associated NOA	 4 (13.3) 	     	 9 (13.6) 	
   	 Idiopathic NOA	     	 4 (13.3) 	     	 9 (13.6) 	
   	 Idiopathic testicular atrophy	 8 (26.7) 	    	 15 (22.7) 	
   	 Klinefelter's syndrome	     	 1 ( 3.3) 	     	 6 ( 9.1) 	
   	 Mumps orchitis	     	 1 ( 3.3) 	    	 12 (18.2) 	
   	 Partial AZFb + c microdeletions	 1 ( 3.3) 	     	 0 ( 0.0) 	
   	 Partial AZFb microdeletions	 1 ( 3.3) 	     	 0 ( 0.0) 	
   	 Varicocele-associated NOA	 7 (23.3) 	    	 14 (21.2) 	

Abbreviations: SD, standard deviation; IQR, interquartile range; NOA, non-obstructive azoospermia.

Table 2. Characteristics of screen and validation set

characteristics			   sperm(-)		  sperm(+)		  P value

n				    32		  64	
Age (mean (SD))			   28.75 (3.86)		  33.22 (7.85)	 0.003
FSH (IU/I) (median [IQR])		  20.13 [14.20, 31.57]	 12.86 [5.94, 23.80]	 0.001
LH (IU/I) (median [IQR])		  10.04 [7.01, 13.72]	  7.90 [5.07, 11.62]	 0.016
Total testosterone (ng/ml) (median [IQR])	  3.00 [2.20, 4.12]	  3.91 [2.24, 5.78]	 0.047
Inhibin B (pg/ml) (median [IQR])		  7.98 [5.28, 15.36]	 31.44 [16.20, 60.16]	 0.014
Risk disease of NOA (%)	     	    				    < 0.001
   	 AZFc microdeletions	   	 0 ( 0.0) 	     	 4 ( 6.2) 	
   	 Cryptorchidism-associated NOA	 0 ( 0.0) 	    	 13 (20.3) 	
  	  Idiopathic NOA	     	 8 (25.0) 	     	 5 ( 7.8) 	
  	  Idiopathic testicular atrophy	 9 (28.1) 	    	 14 (21.9) 	
   	 Klinefelter's syndrome	     	 5 (15.6) 	     	 2 ( 3.1) 	
  	  Mumps orchitis	     	 0 ( 0.0) 	    	 13 (20.3) 	
   	 Partial AZFb + c microdeletions	 1 ( 3.1) 	     	 0 ( 0.0) 	
   	 Partial AZFb microdeletions	 0 ( 0.0) 	     	 1 ( 1.6) 	
   	 Varicocele-associated NOA	 9 (28.1) 	    	 12 (18.8) 	

Table 1. Characteristics of NOA

Abbreviations: SD, standard deviation; IQR, interquartile range; NOA, non-obstructive azoospermia.
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was diagnosed. The age and Sperm concentration (106/
mL) of all patients were collected. For patients diag-
nosed with NOA, experienced andrologists performed 
a first mTESE. Through patients’ clinical history and 
pathological examination, the risk disease of NOA pa-
tients was divided into idiopathic NOA, Klinefelter’s 
syndrome, partial AZFb microdeletions, AZFc mi-
crodeletions, partial AZFb b+c microdeletions, cryptor-
chidism-associated NOA, varicocele-associated NOA, 
mumps orchitis, idiopathic testicular atrophy (testicu-
lar volume < 6 mL). FSH (IU/I), LH (IU/I), total tes-
tosterone (ng/mL), inhibin B (pg/mL) were tested for 
NOA patients.  In the long arm of the human Y chro-
mosome (Yq11) are genomic deletions (AZF deletions, 
azoospermia factor) associated with NOA.  AZF mir-
co-deletions (AZFa, AZFb and AZFc) are caused by 
intrachromosomal (Yq11) recombinations (deletions, 
duplications, inversions).(30)

The procedure of mTESE
The mTESE Inclusion criteria: patients diagnosed as 
NOA wish to assistant reproductive technology. Exclu-
sion criteria: patients diagnosed as NOA refuse mTESE.
To gain easy access to both testes, an incision is made 
in the median raphe. By incising through the dartos and 
tunica vaginalis, the larger of two testicles are delivered 
first. Cut the skin, flesh membrane, sheath successive-
ly, squeeze out unilateral testis, epididymis, observe the 
size of the testis and epididymis development is normal. 
Under the operating microscope with magnification 
x20, extract some relatively good seminiferous tubules 
(thick, plump and opaque seminiferous tubules). In the 
sperm transport buffer, IVF lab doctors ripped the sem-
iniferous tubules under high magnification to observe 
the presence of sperm. If no sperm was found, the tes-
ticle was separated into six regions, and the testicle tis-
sue in the testicle lobule was completely exposed until 
the tunica albuginea. Each location produced relatively 

good seminiferous tubules. Testicular tissue was sent 
to the pathological department for examination. But if 
sperm is not identified, then dissection of the contralat-
eral side proceeds.

Construct seminal plasma exLncRNA pairs
Based on a previous study (29), 16 exlncRNAs in sem-
inal plasma were determined as testis-specific after 
evaluating the tissue expression of lncRNAs (supple-
mental Table 1.1 and 1.2, the primers used for LncRNA 
in supplemental table 4). The statistical description of 
exLncRNA pairs with a constant expression was as-
sessed over normalized FPKM values of every possible 
exLncRNA- exLncRNA combination (R language base 
function: combn). The difference by subtracting values 
(normalized exLncRNA- exLncRNA) of the obtained 
pairs was calculated. 

Weighted correlation network analysis (WGCNA)
With the assistance of the R environment, the WGC-
NA was performed using the WGCNA package.(31) 
It was determined that the exLncRNA pairings should 
minimize noise and computational cost while guaran-
teeing that no significant information is lost. A weight-
ed correlation network analysis was carried out on each 
exLncRNA pair (screen set) and Pearson correlation 
coefficients were calculated between how the module 
correlated with the sperm retrieval (+/-) to identify the 
module most closely related to the sperm retrieval for 
further analysis.
Least Absolute Shrinkage and Selection Operator 
regression (LASSO regression)
 Based on the glmnet package (version 4.1-2), the 
logistic LASSO model is an active selection method in 
which the variables can be selected from a large and 
possibly multicollinear set to derive an interpretably 
relevant set of predictors(32). The function of LASSO 

characteristics			   screen set		  validation set	 screen set			   validation set
				    AUC	 95%CI	 AUC	 95%CI	 AUC-adjusted	 95%CI	 AUC-adjusted	 95%CI

Age (Year)			   0.739	 0.613-0.865	 0.574	 0.365-0.783	 NA		  NA	 NA		  NA
FSH(IU/I)			   0.74	 0.618-0.863	 0.634	 0.427-0.841	 NA		  NA	 NA		  NA
Total testosterone (ng/ml)  		  0.617	 0.476-0.758	 0.639	 0.434-0.844	 NA		  NA	 NA		  NA
SPATA42-LOCI00505685  		  0.636	 0.491-0.782	 0.806	 0.646-0.965	 0.825		  0.724-0.926	 0.861		  0.723-0.999
SPATA42-LOCI01929088(XR_927561.2)	 0.686	 0.551-0.82	 0.843	 0.628-1	 0.852		  0.762-0.943	 0.866		  0.737-0.995
CCDC37.DT-LOCI00505685     		  0.86	 0.764-0.957	 0.782	 0.608-0.957	 0.929		  0.871-0.988	 0.824		  0.674-0.974
GABRG3.ASI-LOCI00505685    		  0.599	 0.437-0.762	 0.734	 0.547-0.921	 0.815		  0.712-0.918	 0.801		  0.643-0.959
LOC440934-LOCI00505685  		  0.634	 0.483-0.786	 0.75	 0.573-0.927	 0.842		  0.743-0.942	 0.875		  0.748-1
LOC440934-LOCI01929088(XR_001745218.1)	 0.81	 0.705-0.914	 0.81	 0.654-0.967	 0.879		  0.79-0.968	 0.856		  0.724-0.989
LOCI01929088(XR_927561.2)-LINC00343	 0.778	 0.664-0.892	 0.736	 0.551-0.921	 0.915		  0.85-0.91	 0.819		  0.655-0.984

Table 3. The predictive value of  exlncRNA pairs and clinical parameters

				    Multiple varibles		  Inclusion variabls
Variables			   OR[95%CI]		 P value	 OR[95%CI]		 P value

Age				    1.20 [1.07, 1.37]	 0.003	 1.16 [1.06, 1.31]	 0.004
FSH (IU/I)			   0.97 [0.92, 1.01]	 0.091	 NA		  NA
Total testosterone (ng/ml)		  1.09 [0.86, 1.52]	 0.568	 NA		  NA
CCDC37.DT-LOCI00505685		  0.73 [0.59, 0.88]	 0.002	 0.70 [0.56, 0.83]	 < 0.001
Age				    1.22 [1.08, 1.41]	 0.003	 1.18 [1.06, 1.34]	 0.004
FSH (IU/I)			   0.97 [0.92, 1.01]	 0.121	 NA		  NA
Total testosterone (ng/ml)		  1.16 [0.87, 1.61]	 0.356	 NA		  NA
LOC440934- LOCI01929088 (XR_001745218.1)	 0.60 [0.46, 0.77]	 < 0.001	 0.58 [0.44, 0.73]   	 < 0.001

Table 4. Multiple variables logistics regression analysis

p = exp(-3.25+0.152*Age-0.258*CCDC37.DT-LOCI00505685)/(1+exp(-3.25+0.152*Age-0.258*CCDC37.DT-LOCI00505685))
p = exp(-5.33+0.167*Age-0.54*LOC440934- LOCI01929088 (XR_001745218.1))/(1+exp(-5.33+0.167*Age-0.54*LOC440934- LOCI01929088 (XR_001745218.1)))
OR:odds ratio; CI:confident index
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is to minimize regression coefficients by continuously 
shrinking them. The sum of regression coefficients is 
reduced by constant shrinking until the coefficients ob-
tained are precisely zero, allowing non-zero variables to 
remain in the model. 
  To assess the accuracy of these selected pairs when 
discerning sperm retrieval, the receiver operating char-
acteristic (ROC) curve analyses (packages: 1.18.0) 
were performed with the use of the R (version 4.1.1). 
In the screen set, the area under the ROC curve analysis 
(AUC value) of each pair of exlncRNAs was calculated.
Validation of exLncRNA pairs (validation set)
In these analyses, the difference by subtracting values 
(normalized exLncRNA- exLncRNA) was compared 
with values of sperm (+/-). Based on the AUC of each 
pair of exlncRNAs, indications were drawn of the dis-
criminatory capacity of the pairs. In this study, they 
were classified into excellent (AUC more than 0.9), 
good (AUC more than 0.8), fair (AUC more than 0.7), 
poor (AUC more than 0.6), and failed (AUC less than 
0.60). 
The recommended cutoff and sensitivity analysis
We further analyzed the LOC440934- LOCI01929088 
(XR_001745218.1) pair and the CCDC37.DT-LO-
CI00505685 pair by the multiple variables logistic re-
gression analysis. Confusion matrices comprise true 
positive (TP), true negative (TN), false positive (FP), 
and false-negative (FN) results. Results are collated to 
output sensitivity, specificity, positive predictive val-
ue (PPV), negative predictive value (NPV), FP, and 
false-negative rates (FNR). For performance grading, 
F1 scores are calculated using F1=2*(sensitivities*spe-
cificities)/ (sensitivities+specificities). When the F1 
score is equal to the maximum, the cutoff value is most 
optimal. P values of <.05 were considered to be signif-
icant.

RESULTS 
Clinical and demographic characteristics
Totally 96 NOA patients (n [AZFc microdeletions] = 4; 
n [Cryptorchidism-associated NOA] = 13; n [Idiopath-
ic NOA] = 13; n [Idiopathic testicular atrophy] = 23; n 
[Klinefelter's syndrome] = 7; n [Mumps orchitis] = 13; n 
[Varicocele-associated NOA] = 21; n [Partial AZFb + c 
microdeletions and Partial AZFb microdeletions] = 2). 
The flowchart of this study was observed in Figure 1. 
The clinical and demographic characteristics are sum-
marized and compared between sperm retrieval (+/-) in 
Table 1. The patient’s age and FSH were the most high-
ly related to the discrimination between sperm retrieval 
(+/-) (P = 0.003 and P = 0.001, respectively) in Table 1. 
96 NOA patients' data sets were randomly divided into 
screen (30 patients) and validation (66 patients) set. But 
from statistical theory, patient size is insufficient for 
subgroup-based a on the risk disease of NOA analysis. 
What is more, there were no significant differences be-
tween the two cohorts in Table 2. P values of <.05 were 
considered to be significant.

Establishment of pairs based on seminal plasma 
exlncRNAs
Based on a previous study, the FPKM values by 
high-throughput sequencing of long RNAs in EVs were 
transformed by the Z-score. We construct seminal plas-
ma exlncRNA pair’s matrix (in supplemental table 1.1 
and 1.2).
These findings confirmed that lncRNAs were prevalent 
in seminal plasmaEVs and that the 120 testis-specific 
exlncRNA pairs-candidate may be used as biomarkers. 
Selection of Potential exlncRNA pairs (screen set)
A co-expression network of 120 exlncRNA pairs was 
constructed based on the WGCNA algorithm. The grey 

Variables			   Sensitivities[95%CI]	 specificities[95%CI]	 thresholds	     F1

CCDC37.DT-LOCI00505685		  0.703[0.703 ,0.875 ]	 0.813 [0.813 ,0.938 ]	 0.686	 0.754
				    0.719 [0.703 ,0.875 ]	 0.813 [0.813 ,0.938 ]	 0.684	 0.763
				    0.734 [0.703 ,0.875 ]	 0.813 [0.781 ,0.938 ]	 0.682	 0.771
				    0.750 [0.703 ,0.875 ]	 0.813 [0.781 ,0.938 ]	 0.677	 0.78
				    0.750 [0.750 ,0.906 ]	 0.781 [0.781 ,0.938 ]	 0.671	 0.765
				    0.750 [0.766 ,0.938 ]	 0.750 [0.781 ,0.938 ]	 0.662	 0.75
				    0.750 [0.797 ,0.938 ]	 0.719 [0.781 ,0.938 ]	 0.654	 0.734
				    0.766 [0.797 ,0.938 ]	 0.719 [0.750 ,0.906 ]	 0.653	 0.741
LOC440934- LOCI01929088 (XR_001745218.1)	 0.609 [0.234 ,0.828 ]	 0.938 [0.844 ,1.000 ]	 0.848	 0.739
				    0.625 [0.234 ,0.828 ]	 0.938 [0.813 ,1.000 ]	 0.842	 0.75
				    0.641 [0.234 ,0.828 ]	 0.938 [0.813 ,1.000 ]	 0.825	 0.761
				    0.656 [0.234 ,0.828 ]	 0.938 [0.781 ,1.000 ]	 0.802	 0.772
				    0.672 [0.234 ,0.828 ]	 0.938 [0.750 ,1.000 ]	 0.791	 0.783
				    0.688 [0.234 ,0.828 ]	 0.938 [0.719 ,1.000 ]	 0.788	 0.793
				    0.703 [0.234 ,0.828 ]	 0.938 [0.688 ,1.000 ]	 0.783	 0.804
				    0.703 [0.297 ,0.859 ]	 0.906 [0.688 ,1.000 ]	 0.773	 0.792
				    0.719 [0.297 ,0.859 ]	 0.906 [0.688 ,1.000 ]	 0.761	 0.802
				    0.719 [0.359 ,0.875 ]	 0.875 [0.688 ,1.000 ]	 0.729	 0.789
				    0.734 [0.359 ,0.875 ]	 0.875 [0.656 ,1.000 ]	 0.7	 0.799
				    0.734 [0.625 ,0.891 ]	 0.844 [0.656 ,1.000 ]	 0.696	 0.785
				    0.734 [0.641 ,0.906 ]	 0.813 [0.656 ,1.000 ]	 0.694	 0.771
				    0.750 [0.641 ,0.906 ]	 0.813 [0.625 ,1.000 ]	 0.689	 0.78
				    0.766 [0.641 ,0.906 ]	 0.813 [0.625 ,0.969 ]	 0.677	 0.788
				    0.781 [0.641 ,0.906 ]	 0.813 [0.594 ,0.969 ]	 0.662	 0.797
				    0.781 [0.656 ,0.922 ]	 0.781 [0.594 ,0.969 ]	 0.65	 0.781
				    0.797 [0.656 ,0.922 ]	 0.781 [0.563 ,0.969 ]	 0.638	 0.789
				    0.797 [0.672 ,0.938 ]	 0.750 [0.563 ,0.969 ]	 0.627	 0.773
				    0.813 [0.672 ,0.938 ]	 0.750 [0.500 ,0.969 ]	 0.616	 0.78

Table 5. Thresholds, sensitivities and specificities analysis

F1=2*(sensitivities*specificities)/(sensitivities+specificities).
CCDC37.DT-LOCI00505685 with age's cutoff value:0.677; without age's cutoff value:1.29;
LOC440934- LOCI01929088 (XR_001745218.1)with age's cutoff value:0.783;without age's cutoff value:-3.95.
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module (10 exlncRNA pairs) is highlighted because 
it has the most significant correlation (r = -0.47, P < 
0.001) with sperm retrieval (+/-). Additionally, sperm 
retrieval (+/-) was negatively correlated with the brown 
module (r = -0.34, P < 0.001, 6 exLncRNA pairs). 
Therefore, the 16 pairs of the two modules were identi-
fied for further analysis in Figure 2.
 Then we applied logistic LASSO regression in Figures 
3 and 4, which minimizes multi-collinearity between 16 
pairs, to assess the relationship between sperm retrieval 
(+/-). Using LASSO, we also accounted for well-estab-
lished sperm retrieval (+/-) predictive factors. We found 
6 pairs may be potential for sperm retrieval (+/-).
The six selected exLncRNA Pairs (SPATA42-LO-
CI00505685, SPATA42-LOCI01929088 
(XR_927561.2), CCDC37.DT-LOCI00505685, 
LOC440934-LOCI00505685, LOC440934-LO-
CI01929088 (XR_001745218.1), LOCI01929088 
(XR_927561.2)-LINC00343) that were obtained from 
analysis above. In the screen set, the AUC value and 
AUC-adjusted (age, FSH, total testosterone)) value of 
each pair of exlncRNAs was calculated and shown in 

Table 3. 
Validation of the Selected seminal plasma exln-
cRNA Pairs (validation set)
Ultimately, six pairs were considered for further analy-
sis based on the pair with the high and stable AUC. The 
LOC440934- LOCI01929088 (XR_001745218.1) pair 
AUC and AUC-adjusted (age, FSH, total testosterone) 
both more than 80%. The CCDC37.DT-LOCI00505685 
pair possessed a slight fluctuation and a high AUC val-
ue. We found CCDC37.DT-LOCI00505685 pair and 
LOC440934- LOCI01929088 (XR_001745218.1) pair 
could become new molecular biomarkers because both 
were higher and stable AUC values in Table 3.
The recommended cutoff and sensitivity analysis
According to the multiple variables logistic regres-
sion analysis, we found (age+ CCDC37.DT-LO-
CI00505685) and (age+ LOC440934- LOCI01929088 
(XR_001745218.1)) were independent potential predic-
tors in Table 4.
Utilizing cutoff of age and CCDC37.DT-LO-
CI00505685 > 0.677 (F1=0.78 is maximum) as a pre-
dictor of SSR, the cutoff point had a sensitivity of 75% 

Figure 1. Flowchart of this study. Figure 2. Weighted gene co-expression network analysis (WGCNA) of the exLn-
cRNA. Correlation analysis between modules, and the grey and brown module are 
most related to sperm retrieval (+/-).
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and a specificity of 81.3%. Utilizing cutoff of age and 
LOC440934- LOCI01929088 (XR_001745218.1) > 
0.783 (F1 = 0.804 is maximum) as a predictor of SSR, 
the cutoff point had a sensitivity of 70.3% and a speci-
ficity of 93.8% in Table 5 and supplemental table 2,3.

DISCUSSION
NOA refers to impaired spermatogenesis in the testes, 
excluding obstructive factors that lead to azoospermia. 

Partial NOA patients through hormone therapy may be 
significantly improved or even successful in infertility. 
Other patients may need to try surgical sperm retrieval 
in combination with intracytoplasmic sperm injection 
(ICSI) to conceive the next generation. One of the most 
common sperm retrieval procedures for NOA patients 
is microdissection testicular sperm extraction (MD-
TESE). Its advantage is that surgeons can selectively 
identify the seminiferous tubules that may contain sper-

Figure 3. Partial likelihood deviation of LASSO coefficient distribution. The two vertical dashed lines represent lambda. min and lambda.1se, respectively.

Figure 4. Plots for LASSO regression coefficients over different values of the penalty parameter.
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matozoa. The MD-TESE is widely accepted compared 
to other sperm acquisition techniques. At present, there 
are many types of research about predicting SRR be-
fore the operation, but there is still a lack of consensus 
predictors.
This study demonstrates that seminal plasma lncRNA 
pairs may become precise and noninvasive predictors of 
sperm retrieval in NOA patients. The predictors assist 
clinicians in choosing a better treatment to accomplish 
precision medical treatment, reduce harm to patients, 
and save money for patients.  The approach of consid-
ering the differential expression of two exlncRNAs as a 
biomarker value instead of the FPKM level of a single 
exlncRNA is mainly based on the biological implica-
tions of these pairwise fluctuations in NOA patients. 
The analysis of the association between two exlncRNA 
(difference of FPKM values) is more robust than the 
analysis of a single lncRNA because the pair provides 
more information about spermatogenesis. So, however, 
the expression level of exLncRNA in pairs, the global 
difference will reflect a variance that will be found by 
this pairwise analysis.
AUC values were used to estimate the predictive pow-
er of the selected pairings to evaluate predictors. Fur-
thermore, only the couples with high and steady AUC 
values were considered valid potential biomarkers. The 
CCDC37.DT-LOCI00505685 pair and LOC440934- 
LOCI01929088 (XR_001745218.1) pair achieved this 
goal. Exosomes, multivesicular nanovesicles (50–500 
nm) released by the fusion of the plasma membrane 
with multivesicular bodies, are released into the extra-
cellular space and body fluids(33,34). Many kinds of cells 
produce exosomes, which are nanosized membrane 
vesicles found in abundance in the fluids of living or-
ganisms and semen. They are packed with lipids, pro-
teins, microRNAs and mRNAs, and are known to be 
essential for intracellular communication. Their content 
is derived from the target cells' endosomal compart-
ments. A wide variety of cells secrete exosomes con-
taining epithelial cells and testis tissue. The exosomes 
are found in biological fluids such as plasma, saliva, 
and semen under normal and abnormal conditions(35,36). 
Exosomal proteins may indicate a biomarker of male 
infertility. They may be essential in sperm motility, ca-
pacitation, acrosome reaction, and fertilization(37). With 
the advance of the global molecules tools and purifica-
tion of exosomes, it is possible to find many exosomal 
molecules. Yang et al. showed 1474 exosomal proteins 
in normozoospermic men. The exosomal proteins pri-
marily relate to protein metabolism, cell growth, and 
maintenance(38).
In the male reproductive system, altered expression of 
seminal plasma exosomes containing sncRNA has been 
reported to participate in molecular events. The miR-
NAs, such as miR-539-5p, have the potential to predict 
the presence of spermatozoa in the testes of NOA pa-
tients(39). The miR-539-5p cannot be used to determine 
the existence of spermatozoa in the testes of NOA pa-
tients, normozoospermic, and oligozoospermia. Many 
long noncoding RNAs play an essential role in sper-
matogenesis, which gives them an advantage compared 
with miRNAs for estimating the likelihood of sperm 
retrieval when an individual has an abnormal sperm 
cycle(27). 
The term LncRNA refers to non-protein-coding RNAs 
with a length of at least 200 nucleotides(40). Accord-

ing to Zhao et al., 157 have different expression levels 
among diverse populations of testicular cells(41). In a 
similar study, Jan et al. found a total of 137 lncRNAs 
were differentially expressed between different testic-
ular cells(42). Rolland et al. identified 113 known lncR-
NAs and 20 novel unannotated transcripts important for 
spermatogenesis(43). New research avenues can be ex-
plored to understand the regulation of spermatogenesis 
through the signaling involved. Human sperm contains 
a small amount of lncRNA. Sendler et al. mapped the 
transcriptome of fertile men's sperm and identified 155 
lncRNAs in human sperm(44). Zhang et al. identified 
the testis-specific Lnc32058, lnc09522, and Lnc98497 
showed high expression between motile and immotile 
human sperm(45). Based on a previous study, only 16 
testis-specific lncRNA was identified by sequence(29). 
A decision-making process for NOA patients has been 
established based on the scores of the 9-exlncRNA pre-
diction model. Compared to the model, we only need 
one pair and age to predict, and both pairs were an ef-
fective and money-saved method for assessing sperm 
retrieval in patients with NOA.
Unfortunately, although the tremendous and sta-
ble biomarker potential of the CCDC37.DT-LO-
CI00505685 pair and LOC440934- LOCI01929088 
(XR_001745218.1) pair were found in our study, we 
needed the comprehensive analysis of pairs combined 
with clinical practice to make clinical decisions for 
NOA. The NOA sample size and preparation process 
must be further expanded, simplified and standardized. 
For example,  the seminal plasma exosomal RNA iso-
lation kit is studied to simplify and standardize. We can 
cooperate with many medical centers to further expand 
the sample size. This is the study's key limitation since 
this exLncRNA pair's biomarker suitability must be 
confirmed before it can be used for clinical diagnosis. 

CONCLUSIONS
This study suggested that the LOC440934- 
LOCI01929088 (XR_001745218.1) pair AUC and 
AUC-adjusted were more than 80%. The CCDC37.
DT-LOCI00505685 pair possessed a slight fluctuation 
and a high AUC value. Both pairs were an effective and 
money-saved method for assessing sperm retrieval in 
patients with NOA. But these findings must be applied 
to clinical practice by performing validation in more ex-
tensive and more diverse NOA patients.
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