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IF   YOU   FAIL,   NEVER   GIVE   UP   

BECAUSE    FAIL    MEANS     

“FIRST   ATTEMPT   IN   LEARNING”   

  

DONT   FEAR   OF   FACING   FAILURE   

IN   THE   FIRST   ATTEMPT ,   

BECAUSE   EVEN   THE   SUCCESSFUL   MATH     

STARTS   WITH    “ZERO”    ONLY   

  

- DR.   A.   P.   J.   ABDUL   KALAM   

  

  

  
  

3   



  

  
Table   of   contents   
  

Summary                                                                                                                           6   

List   of   Abbreviations                                                                                                        8   

List   of   lncRNAs,   mRNAs   and   Proteins                                                                         10   

1   Introduction                                                                                                                  13   

         1.1   Breast   Cancer   and   its   classification 1 3   

         1.2   Triple   Negative   Breast   Cancer 1 6   

         1.3   Classification   of   TNBCs 1 6   

         1.4   Non   coding   RNAs 19   

         1.5   Emergence   of   lncRNAs 2 0   

         1.6   Long   non   coding   RNAs 2 1   

         1.7   Classification   of   lncRNAs 2 1   
               Based   on   the   lncRNA   location   in   the   genome 2 1   
               Based   on   the   lncRNA   effects   on   DNA   sequences 2 4   
               Based   on   the   lncRNA   mechanism   of   action 2 6   

         1.8   LncRNAs   in   TNBCs 2 8   

         1.9   LncRNAs   from   immune   point   of   view 3 5   

2   Aim   of   the   research   project                                                                                        39   

3   Materials   and   Methods                                                                                                40   

         3.1   Data   collection,   Read   alignment   and   Ab-initio   assembly 4 0   

         3.2   Identification   of   novel   lncRNAs 4 0   

         3.3   TNBC   subtype   classification 4 1   

         3.4   Differential   Expression   Analysis 4 2   

         3.5   Co-expression   network   analysis 4 3   

  
  

4   



  

         3.6   Functional   enrichment   analysis 4 3   

         3.7   Immune   lncRNA   identification 4 4   

         3.8   Immune   lncRNA   score   calculation   with   ssGSEA 4 5   

         3.9   Immunogenicity   of   the   samples 4 6   

         3.10   Identification   of   most   important   lncRNAs   related   to   Immune   High 4 7   

4   Results                                                                                                                          48   

         4.1   Identification   of   novel   lncRNAs   in   TNBCs 4 8   

         4.2   Differentially   expressed   lncRNAs   in   TNBCs 5 0   

         4.3   Functional   evaluation   of   lncRNAs   with   co-expression   network 5 5   

         4.4   The   identification   of   immune   lncRNAs   in   TNBCs 6 8   

         4.5   Identification   of   Immune   clusters 7 6   

         4.6   Signature   lncRNAs   related   to   Immune-High 7 8   

5   Discussion                                                                                                                    82   

6   Conclusions                                                                                                                 87   
  

References                                                                                                                      88   

Appendix                                                                                                                       113   

Acknowledgements                                                                                                      270   

  
    
  
  
  
  
  
  
  
  
  
  

  
  

5   



  

  
  

Summary   

Triple-negative  breast  cancers  (TNBCs)  are  aggressive  tumors  which  lack  estrogen            

receptor  (ER),  progesterone  receptor  (PR)  and  HER2  overexpression  and  account  for             

15%-20%  of  breast  cancers.  To  understand  the  heterogeneity  of  TNBCs,  they  have              

been  classified  into  different  molecular  subtypes.  Studies  reported  that  lncRNAs  were             

dysregulated  in  many  types  of  cancers  and  also  play  an  important  role  in  biological                

functions  of  TNBCs  including  cell  cycle,  migration,  cell  proliferation,  cell  invasion,  double              

strand   DNA   break   repair   and   metastasis.   

But  still  attempts  for  the  identification  and  characterizing  the  function  of  lncRNAs  in               

TNBCs,  especially  in  the  subtypes  of  TNBCs  are  very  limited.  With  the  difficulties  in                

discovering  lncRNAs  and  predicting  their  functions  through  experimental  approaches,           

the  increase  in  genomics  and  transcriptomics  data  availability  computational           

approaches  might  serve  as  screening  to  identify  lncRNA  targets  for  functional             

characterization 1 .  Many  studies  have  also  reported  that  the  tumor  microenvironment            

plays  an  important  role  in  tumor  progression.  Immune  dysregulation  is  also  one  of  the                

hallmarks  of  cancer 2 .  TNBCs  are  more  aggressive  tumors  and  at  present  the  standard               

of  care  treatment  option  is  cytotoxic  chemotherapy 3 .  Currently,  immunotherapy  is  under             

study  in  treating  TNBC  with  immune  checkpoint  inhibitors  and  many  other  targets.  From               

the  very  recent  study,  it  is  seen  that  several  immunology  related  lncRNAs  involved  in                

different  cancer  types  were  identified  with  computational  pipeline  ImmLnc 4 .  Very  few             

immune   lncRNAs   have   been   studied   in   TNBCs   so   far 5 , 6 .     
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The  present  doctoral  work  explores  the  role  of  long  non-coding  RNAs  in  Triple  negative                

breast  cancers  (TNBCs).  In  the  first  part  of  the  project  we  applied   in-silico  tools  to                 

identify  novel  lncRNAs  in  the  TNBCs  and  to  infer  their  functions  using  co-expression               

network  analysis.  The  second  part  of  the  project  focussed  on  the  identification  of               

immune  lncRNAs  in  TNBCs.  Altogether,  the  present  thesis  reports  valuable  information             

about  lncRNA  function  in  the  subtypes  of  TNBCs  and  how  they  may  contribute  to  the                 

shaping   of   the   immune   environment   in   TNBCs.     
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1   Introduction   

1.1   Breast   Cancer   and   its   classification   

  

Breast  cancer  is  one  of  the  major  cancer  types  that  is  the  most  common  in  women  and                   

fifth  leading  cause  of  cancer  death  worldwide.  According  to  Global  cancer  observatory              

statistics  (GLOBOCAN),  breast  carcinoma  is  diagnosed  in  women  with  approx.  2.3             

million   new   cases   and   an   estimated   685,000   deaths   in   2020   worldwide 7 .     

  

In  the  majority  of  the  countries,  breast  carcinoma  cases  were  almost  one  in  four  cases                 

and  one  in  six  cancer  deaths  and  ranked  first  in  incidence  and  mortality  rates,  followed                 

by  colorectal,  lung,  and  cervical  cancers   ( Figure  1.1 ) .  The  incidence  and  mortality  rates               

were  different  between  the  countries.  Higher  incidence  rates  and  lower  mortality  rates              

were  seen  in  Australia,  New  Zealand,  North  America  and  the  European  countries 7              

( Figure  1.1 ) .  Higher  incidence  rates  could  be  due  to  awareness  about  screening  tools               

and   the   early   detection   may   lead   to   lower   mortality   rates.     

  
Breast  cancer  is  a  heterogeneous  disease  which  has  been  classified  into  different              

subtypes  to  better  understand  their  biological  and  clinical  behaviour.  Based  only  on              

immunohistochemistry  (IHC)  of  cellular  markers,  breast  cancer  has  been  classified  into             

three  subtypes  (a)  hormone-receptor-positive  defined  as  ER-positive  and/or          

PR-positive,  HER2  negative  (b)  HER2  positive  (c)  triple  negative  breast  cancer  (TNBC),              

defined   by   the   ER   negative,   PR   negative   and   HER2   negative    ( Figure   1.2 ) .     
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Figure  1.1 :  (A)  Pie  charts  present  the  distribution  of  incidence  and  deaths  for  the                

different  cancer  types  in  2020  for  incidence  and  mortality.  (B)  Bar  chart  of               

region-specific  incidence  and  mortality  age-  standardized  rates  for  breast  cancer  in             

2020.  Rates  are  shown  in  descending  order  of  the  world  age-standardized  rate.  Source:               

GLOBOCAN   2020 7 .   

  

Taking  advantage  of  available  transcriptomic  studies,  breast  cancers  have  also  been             

categorized  into  different  molecular  subtypes  like  luminal  A,  luminal  B,  basal-like  and              
  

  
14   

https://paperpile.com/c/Z5JshD/LyK2


  

HER2-like 8   ( Figure  1.2 ) .  Luminal  A  breast  cancers  are  characterized  by  the  ER-positive              

and/or  PR-positive,  HER2  negative  and  have  low  levels  of   Ki-67  protein.  They  account               

for  50-60%  of  all  breast  cancers,  low  histological  grade  tumors  and  have  good               

prognosis.  Luminal  B  breast  cancers  represent  15-20%  of  breast  cancers  and  are              

ER-positive  and/or  PR-positive  positive,  HER2  positive/negative  which  have  higher           

levels  of   Ki-67  and  worse  prognosis  than  Luminal  A  tumors.  Basal-like  tumors  are               

frequently  negative  for  ER,  PR  and  HER2  and  have  an  overlap  with  triple  negative                

phenotype  cancers.  HER2-like  tumors  represent  15-20%  of  breast  cancer  subtypes            

which  have  a  poor  prognosis  and  are  frequently  negative  for  ER,  PR  and  positive  for                 

HER2 9 .   

  

  

  

  

  

  

  

  

  

Figure  1.2 :  Classification  of  breast  cancer  based  on  immunohistochemistry  and  gene             

expression   signatures 10 .   
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1.2   Triple   Negative   Breast   Cancer   

Among  the  subtypes  of  breast  cancer,  triple  negative  breast  cancer  (TNBC)  which  is               

defined  by  the  estrogen  receptor  negative,  progesterone  receptor  negative  and  HER2             

negative  accounts  for  15-20%  of  breast  cancers,  an  aggressive  subtype  with  poorer              

prognosis  than  other  subtypes  of  breast  cancer  and  patients  have  a  high  incidence  of                

BRCA1/BRCA2  gene  mutations 11 .  Pregnancy  is  an  important  risk  factor  for  women  in              

developing  triple  negative  breast  cancer  compared  to  other  subtypes  of  breast  cancer 10 .              

From  the  previous  studies  it  is  seen  that  women  with  multiple  pregnancies  have  a                

higher  chance  of  developing  triple  negative  breast  cancer 12 ,7 .  Till  date  cytotoxic             

chemotherapy  is  the  main  standard  treatment  and  several  targeted  therapies  such  as              

PARP  inhibitors  are  being  investigated  for  treating  TNBC  patients 10 .  TNBCs  have  shown              

to  be  immunogenic,  and  from  the  recent  study  pembrolizumab  (PD1  receptor  specific              

monoclonal   antibody)   combined   with   chemotherapy   can   be   suggested   to   treat   TNBC 13 , 3 .   

1.3   Classification   of   TNBCs  
  

Triple  negative  breast  cancer  is  a  heterogeneous  breast  cancer  group  and  aggressive              

phenotype,  lacking  molecular  targets.  To  understand  clinical  and  biological  behavior  of             

triple  negative  breast  cancers  Lehmann  et  al.   proposed  a  computational  approach,             

applied  on  published  datasets  to  classify  TNBCs  into  six  subtypes,  namely  basal-like1              

(BL1),  basal-like2  (BL2),  mesenchymal  (M),  immunomodulatory  (IM),  mesenchymal          

stem-like  (MSL)  and  luminal  androgen  receptor  (LAR)  based  on  differential  gene             

expression  profiles  and  gene  ontologies 14   ( Figure  1.3 ) .  Each  subtype  of  TNBC  has              

different  characteristics  and  is  enriched  in  different  pathways.  BL1  is  a  proliferative              
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subtype  enriched  in  cell  cycle,  DNA  replication  and  cell  proliferation  pathways.  BL2              

subtype  tumors  are  involved  in  glycolysis,  growth  factor  signaling  pathways.  M  subtype              

is  more  related  to  cell  differentiation  pathways  and  extracellular  matrix  interaction.  The              

IM  subtype  is  enriched  in  immune  processes  like  T-cell  receptor  pathway,  JAK-STAT              

signaling  pathway  and  Th1/Th2  pathways.  MSL  subtype  shares  several  transcriptomic            

similarities  and  are  enriched  in  genes  related  to  mesenchymal  stem  cells  and  cell               

motility.  LAR  subtype  displays  a  luminal-like  gene  expression  enriched  in  metabolic             

processes   and   hormone   signaling   pathways 15 .     

  

Apart  from   Lehmann  et  al.  molecular  subtyping,   Burstein  et  al.  proposed  a  non-negative               

matrix  factorization  model  to  classify  TNBCs  into  four  subtypes  such  as  Basal-like              

immune  activated  (BLIA)  defined  by  cytokines  and  STAT  signal  transduction  gene             

expression,  Basal-like  immunosuppressed  (BLIS)  defined  by  immunosuppressive         

activation  inhibitor  VTCN1,  Mesenchymal  (M)  which  is  expressed  by  the  growth  factor              

receptors  and  Luminal  Androgen  receptor  (LAR)  defined  by  androgen  receptor            

activation   (AR)   and   luminal   like   expression   pattern 16     ( Figure   1.4 ) .   

  

Similarly,   Lie  et  al.   (FUSCC  classification)  applied   k -means  clustering  on  the  gene              

expression  data  including  both  mRNAs,  lncRNAs  and  classified  165  TNBC  tumors  into              

four  subtypes  like  Basal-like  immunosuppressive  (BLIS),  Immunomodulatory  (IM),          

Mesenchymal-like  (MES)  and  Luminal  Androgen  receptor  (LAR) 17   ( Figure  1.4 ) .  FUSCC            

subtype  classification  was  significantly  associated  with   Lehmann  et  al.  subtype            

classification 17    and   also   consistent   with    Burstein   et   al.    subtypes 18 .   
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Figure   1.3:    Triple   Negative   Breast   Cancers   classification   according   to   Lehmann   et   al 19     

  

Figure  1.4:  Molecular  subtyping  of  Triple  negative  breast  cancers  by  Lehmann             

classification  into  six  subtypes,  Burstein  classification  into  four  subtypes  and  recent             

FUSCC   classification   into   four   subtypes 18   
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1.4   Non   coding   RNAs   

Approximately  20,000-25,000  protein  coding  genes  were  estimated  in  the  human            

genome  which  account  for  around  2%  of  the  human  genome  and  the  remaining  98%  of                 

the  genome  were  regarded  as  “dark  matter”  before,  due  to  their  inability  to  code  into                 

proteins 20 .  Implementation  of  next  generation  sequencing  technologies  have          

revolutionized  genome  research  and  found  that  90%  of  the  human  genome  is              

transcribed  into  RNA  transcripts 21 .  Among  these  RNA  transcripts,  the  majority  are             

noncoding  RNAs  (ncRNAs)  that  do  not  encode  into  proteins  and  are  identified  with               

several  mechanisms  like  DNA  or  RNA  based  duplications  of  genomic  sequences 22 .             

Several  types  of  ncRNAs  have  been  widely  studied  in  the  past  decade.  These  include                

small  housekeeping  RNAs  like  transfer  RNAs  (tRNAs),  ribosomal  RNAs  (rRNAs)  and             

microRNAs  (miRNAs),  circular  RNAs,  small  interfering  RNAs  (siRNAs)  and  long            

noncoding  RNAs  (lncRNAs) 20 .  Each  of  these  ncRNAs  is  transcribed  with  any  of  the               

three  RNA  polymerases 23  (RNA  polymerase  I,  RNA  polymerase  II  and  RNA  polymerase              

III).  Among  these  ncRNAs,  tRNA  and  rRNA  play  an  important  role  in  mRNA  translation.                

miRNAs  are  small  single  stranded  non-coding  RNAs  with  a  length  of  22  nucleotides  that                

are  transcribed  into  primary  miRNAs  from  DNA  sequences  and  processed  into             

precursor  miRNAs  and  mature  miRNAs 24 .  They  play  an  important  role  in  regulating              

mRNA  expression 25 .  Circular  RNAs  are  a  class  of  ncRNAs,  where  3`  and  5`  ends  are                 

linked  together  by  back  splicing  of  exons  of  a  pre-mRNA 26 .  siRNAs  are  a  length  of  20-30                  

nucleotides  that  regulate  the  gene  expression  and  can  be  used  to  study  the  function  of                 

genes  either  by   in-vivo  or   in-vitro  experiments  to  treat  cancer  and  other  diseases 27 .               
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Long  non-coding  RNAs  are  also  a  class  of  ncRNAs  which  are  longer  than  200                

nucleotides   and   have   different   properties   compared   to   other   ncRNA   types 28 .   

1.5   Emergence   of   lncRNAs   

LncRNAs  have  different  types  of  origins 29  1)  Protein  coding  genes  might  undergo              

mutations  which  interfere  with  ORFs  that  lead  to  structural  damage  and  transform  into  a                

lncRNA  2)  Two  different  sequences  together  generate  an  expressed  noncoding            

sequence  after  chromosomal  rearrangement  3)  non-coding  RNA  duplication  events           

might  cause  adjacent  repeats  and  increase  the  length  of  the  transcripts  4)  Transposable               

element   insertion   creates   a   functional   lncRNA   sequence    ( Figure   1.5 ) .   

  

  

  

  

  

  

  

  

  

  

  

  

Figure   1.5:    Emergence   of   functional   lncRNAs 29     

  
  

20   

https://paperpile.com/c/Z5JshD/3P7NG
https://paperpile.com/c/Z5JshD/lpigs
https://paperpile.com/c/Z5JshD/lpigs


  

1.6   Long   non   coding   RNAs   

Long  non-coding  RNAs  are  the  ncRNA  transcripts  with  length  greater  than  200  base               

pairs,  lack  open  reading  frames  and  do  not  code  into  proteins 30 , 31 , 32 .  They  are  typically                

very  low  expressed,  have  fewer  exons  compared  to  protein  coding  genes  and  have               

been  involved  in  several  cellular  functions.  lncRNAs  are  transcribed  by  RNA             

polymerase  II  and  are  mostly  spliced  at  5`  capped  and  some  are  polyadenylated  at  3`                 

end 33 .  Approximately,  30,000  lncRNA  transcripts  have  been  described  in  GENCODE            

reference  annotation 34 .  lncRNAKB  database,  which  is  an  integration  of  six  lncRNA             

annotation  databases  CHESS 35 ,  FANTOM5 36 , 37 ,  LNCipedia 38 ,  NONCODE 39 ,        

MiTranscriptome 40  and  BIGTranscriptome 41 ,  contains  224,286  lncRNA  transcripts  from          

77,199  lncRNA  genes  in  human 42 .  Many  lncRNAs  have  been  described  as  biomarkers              

in  different  cancer  types 43 ,  diseases 44  and  are  involved  in  several  cellular  functions  such               

as   cell   proliferation 45 ,   cell   cycle   arrest 46 ,   cell   invasion 47    and   cellular   differentiation 48 .     

1.7   Classification   of   lncRNAs   

Based   on   the   lncRNA   location   in   the   genome   
  

lncRNAs  have  been  classified  into  five  categories  based  on  their  genomic  locations  and               

their  relation  to  protein  coding  genes  (a)  Sense  overlapping  lncRNAs  (b)  Antisense              

lncRNAs  (c)  Bidirectional  lncRNAs  (d)  Intronic  lncRNAs  (e)  Long  intergenic  non  coding              

RNAs    ( Figure   1.6 ) .   

  

  
  

21   

https://paperpile.com/c/Z5JshD/zfiG
https://paperpile.com/c/Z5JshD/Ibfp
https://paperpile.com/c/Z5JshD/QF3T
https://paperpile.com/c/Z5JshD/oCKKN
https://paperpile.com/c/Z5JshD/cAHw
https://paperpile.com/c/Z5JshD/DozUm
https://paperpile.com/c/Z5JshD/Hd6ab
https://paperpile.com/c/Z5JshD/G4HgT
https://paperpile.com/c/Z5JshD/M0OYu
https://paperpile.com/c/Z5JshD/Bn2Ce
https://paperpile.com/c/Z5JshD/tfPf0
https://paperpile.com/c/Z5JshD/tWI7Y
https://paperpile.com/c/Z5JshD/BaBG
https://paperpile.com/c/Z5JshD/aYziU
https://paperpile.com/c/Z5JshD/86qTO
https://paperpile.com/c/Z5JshD/91RwA
https://paperpile.com/c/Z5JshD/Y5RxE
https://paperpile.com/c/Z5JshD/yGxUZ
https://paperpile.com/c/Z5JshD/JcYoj


  

Sense  overlapping  are  lncRNA  sequences  that  overlap  with  the  exons  of  protein  coding               

genes  on  the  same  strand.  The  overlap  might  be  with  the  complete  sequence  of  the                 

protein  coding  gene  or  a  part  of  the  protein  coding  gene 49 .  In  total,  there  are  189  sense                   

overlapping  lncRNAs  present  in  long  non-coding  RNA  gencodev27  ( GRCh38.p10 )           

annotation 34 .  Several  sense  overlapping  lncRNAs  have  been  reported  to  be  associated             

with  different  cancer  types.  For  example:   LINC00189  is  a  sense  overlapping  lncRNA              

that  has  been  studied  in  various  cancer  types  like  bladder  squamous  cell  carcinoma 50 ,               

renal  cell  carcinoma 51 ,  cervical  cancer 52 .  Another  sense  overlapping  lncRNA   HCP5            

(HLA  class  I  histocompatibility  antigen  protein  P5),  is  involved  in  many  autoimmune              

diseases  and  acts  as  an  oncogene  in  many  cancers 53 .   HCP5  also  contributes  to               

cisplatin  resistance  in  human  TNBCs  by  regulating   PTEN  expression 54 .  It  is  highly              

expressed   in   spleen   and   thymus 55    and   plays   an   important   role   in   immune   regulation 4 .     

  

Antisense  lncRNAs  are  lncRNA  sequences  that  overlap  with  the  exons  of  protein  coding               

genes  on  the  antisense  strand.  There  are  around  5500  antisense  lncRNAs  in  long               

non-coding  RNA  gencodev27  ( GRCh38.p10 )  annotation 34 .  Most  of  the  antisense           

lncRNAs  are  represented  as  “ Genename-AS ”.  For  example:   ITGB2-AS1,  which  is            

located  on  an  antisense  strand  of  protein  coding  gene   ITGB2  on  chromosome  21,  could                

promote  migration  and  invasion  of  breast  cancer 56 .  Using  strand  specific  sequencing,             

antisense   lncRNAs   are   identified   to   be   true   transcripts 49 .     

  

Bidirectional  lncRNAs  or  divergent  lncRNAs  were  identified  based  on  the  discovery  of              

bidirectional  transcription,  which  are  located  on  the  opposite  strand  and  within  1kb  of              

  
  

22   

https://paperpile.com/c/Z5JshD/3d0ca
https://paperpile.com/c/Z5JshD/cAHw
https://paperpile.com/c/Z5JshD/ivQBh
https://paperpile.com/c/Z5JshD/kd136
https://paperpile.com/c/Z5JshD/xJujh
https://paperpile.com/c/Z5JshD/GVkLw
https://paperpile.com/c/Z5JshD/hrMPi
https://paperpile.com/c/Z5JshD/1GNYf
https://paperpile.com/c/Z5JshD/nOq2Y
https://paperpile.com/c/Z5JshD/cAHw
https://paperpile.com/c/Z5JshD/SAGZZ
https://paperpile.com/c/Z5JshD/3d0ca


  

the  promoter  of  the  protein  coding  genes 57 .  It  is  difficult  to  identify  bidirectional  lncRNAs,                

because  of  unreliable  annotation  of  promoters  and  transcriptional  start  sites  in  the              

genome 58 .  Most  of  the  bidirectional  promoters  were  associated  with  neuronal  genes  and              

were  also  found  close  to  protein  coding  genes  which  were  related  to  cellular  functions                

like  cell  cycle 59 .  There  are  only  19  bidirectional  lncRNAs  present  in  genocode.  For               

example:   TYMSOS  a  bidirectional  lncRNA  involved  in  cell  proliferation,  cell  migration             

and  cell  invasion  in  gastric  cancer  regulating   ZNF703  by  interacting  with  miRNA              

miR-4739 60 .   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Figure  1.6:  Classification  of  lncRNAs  based  on  their  proximity  to  the  neighboring              

protein   coding   genes   in   the   genome 49 , 61     
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Intronic  lncRNAs  are  lncRNAs  which  derive  entirely  from  an  intron  of  a  second               

transcript.  Intronic  lncRNAs  may  appear  in  two  schemes  such  as  sense  intronic              

lncRNAs  which  are  transcribed  in  the  introns  of  a  protein  coding  gene  and  do  not                 

overlap  any  exons  and  antisense  intronic  lncRNAs,  transcribed  in  the  opposite  direction              

of  a  gene 62 .  There  are  approximately  900  sense  intronic  lncRNAs  in  the  gencode               

annotation 34 .  Some  (~13%  in  Gencode)  of  the  sense  intronic  lncRNAs  are  represented              

as   “ Genename-IT ”.     

  

Long  intergenic  non-coding  RNAs  (lincRNAs)  are  a  class  of  long  non-coding  RNAs  that               

have  no  overlap  with  any  of  the  annotated  protein  coding  genes 63 .  lincRNAs  are               

associated  with  chromatin  signatures  and  affect  expression  of  genes 64 .  Gencode  v27             

annotation  annotates  around  7,500  lincRNAs.  lincRNAs  are  evolutionarily  conserved           

and  involved  in  several  functional  roles  in  human  diseases  and  development 63 .  Many              

studies  reported  lincRNAs  such  as   MALAT1 65 ,   LINK-A 66  and   PVT1 67  as  potential             

biomarkers   in   several   cancer   types.     

Based   on   the   lncRNA   effects   on   DNA   sequences   

Long  non-coding  RNAs  have  been  localized  in  many  places  within  the  cell  such  as                

chromatin,  nucleus,  cytoplasm  and  exosomes 68 ,  which  may  suggest  that  it  may  show  an               

effect  on  DNA  sequences 49 .  Based  on  their  effects  they  have  been  classified  into               

cis -acting  lncRNAs  and   trans -acting  lncRNAs   ( Figure  1.7 ) .  lncRNAs  that  are  in  close              

proximity  to  the  protein  coding  gene  (neighbouring  genes)  on  which  they  regulate  are               
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cis -lncRNAs  and  lncRNAs  have  an  effect  on  genes  that  are  on  other  chromosomes               

(distal   genes) 69 .    cis -lncRNAs   mainly   function   through   chromatin   modifications.     

  

  

  

  

  

  

  

  

  

  

  

  

  

Figure  1.7:  Based  on  the  effects  of  lncRNAs  on  DNA  sequences  cis-acting  and               

trans-acting   lncRNAs   were   identified 70    

  

lncRNAs  such  as   H19 71 ,   HOTTIP 72 ,   XIST 73  are  the  most  well  characterized   cis -lncRNAs              

which  have  a  transcriptional  regulation  as  functional  mechanism 49 .  For  example:            

HOTTIP  maintains  active  chromatin  across  5`  end  of  all   HOXA  genes  and  regulates  the                

expression  of  the  genes  in  close  proximity 74 .  Another   cis -lncRNA   XIST   induces  silencing              

of  genes  on  the   X  chromososme,  due  to  its  interaction  with  polycomb  repressive               
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complex2  (PRC2) 75 .  On  the  other  hand,   HOTAIR  is  a  well  studied   trans -lncRNA  located               

within  the   HOXC  (Homeobox  C)  gene  cluster  on  chromosome  12  and  is  co-expressed               

with   HOXC  genes 76 .   HOTAIR  interacts  with  the  PRC2  complex  and  promotes  the              

repression   of   the    HOXD 77    gene   cluster   on   chromosome   2.     

Based   on   the   lncRNA   mechanism   of   action   

Long  non-coding  RNAs  might  regulate  the  expression  of  genes  with  several             

mechanisms  such  as  interacting  with  mRNAs,  miRNAs,  DNAs  and  proteins  at             

transcriptional  and  post-transcriptional  levels 62 , 78 .  Based  on  these  mechanisms  of  action,            

lncRNAs  are  classified  into  four  categories  such  as   decoys,  guides,  scaffolds  and              

molecular   signals 79     ( Figure   1.8 ) .     

  

lncRNAs  act  as  molecular   decoys  which  interact  and  inhibit  the  functions  of  miRNAs,               

transcription  factors,  and  proteins.  They  are  regarded  as  negative  regulators  which             

compete  with  sequences  and  structures  for  interacting 80   ( Figure  1.8 ) .  lncRNA   Gas5             

(Growth  arrest  specific  5)  located  on  chromosome  1  acts  as  a  molecular  decoy  for                

glucocorticoid  response  element  (GRE) 81 .  It  interacts  with  the  DNA  binding  domain  of              

glucocorticoid  receptor,  which  blocks  it  from  binding  with  glucocorticoid  response            

element  and  supresess  glucocorticoid-responsive  genes.   Gas5  is  considered  as  a            

riborrepressor  which  influences  several  functions  like  cell  survival  and  metabolism 81 .            

Another  lncRNA   PANDA  (Promoter  of  CDKN1A  Antisense  DNA  damage  activated  RNA)             

located  on  chromosome  6,  functions  as  a  decoy  interacts  with  the   NF-YA  which  is  a                 

transcription   factor   to   control   the   pro-apoptotic   target   genes   expression 59 .   
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Figure   1.8:    lncRNA   categorization   based   on   the   mechanism   of   functions 79   

  

Guides  are  the  lncRNAs  which  bind  with  the  RNA  binding  proteins  (RBPs)  and  direct                

them  to  specific  targets 80   ( Figure  1.8 ) .  These  lncRNAs  might  interact  with  either              

cis-acting  (neighboring  genes)  or  trans-acting  genes  (distant  genes)  by  acting  as             

activators  or  suppressors 82 .  Some  of  the  lncRNAs  such  as   HOTTIP,  CCND1,  COLDAIR,              

XIST  act  as  guides  in  cis  and  lncRNAs  such  as   HOTAIR,  lincRNA-p21  and  PRC2                

complex   RNAs   acts   as   guides   in   trans 82 .     

  

Scaffolds  bring  the  bound  proteins  into  a  chromatin  remodeling  complex  and  other              

complexes  or  in  spatial  proximity 79   ( Figure  1.8 ) .  lncRNAs  like   TERC  (telomerase  RNA)              
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acts  as  scaffold  for  its  proteins,   HOTAIR  functions  as  scaffold  interact  with   LSD1  and                

also   PRC2  complexes 83 ,   ANRIL 84   as  an  antisense  lncRNA  and  also   XIST 85  interacts  with               

both   PRC1  and   PRC2  chromatin  remodeling  complexes.  lncRNAs  also  act  as  scaffolds              

for   targeting   and   further   heterochromatin   protein   1   (HP1)   localization 82 .   

  

Molecular  signals  are  the  lncRNAs  which  might  silence  or  activate  the  genes  based  on                

the  stimulus 79   ( Figure  1.8 ) .  They  act  as  markers  for  several  biological  events  and  are                

involved  in  DNA  damage  response,  regulation  of  gene  expression  and  developmental             

stage.   lincRNA  ROR  (Regulator  of  reprogramming)  acts  as  signal  and  is  targeted  by               

pluripotency  factors   OCT4  and   SOX2 86 .  Other  lncRNAs   COLDAIR  and   COOLAIR  serve             

as  signals  involved  in  stress  responses 79 ,   PANDA  and   lincRNA-p21  are  both  involved  in               

DNA  damage  by  interacting  with  transcription  factors,  and  both   HOTAIR  and   HOTTIP              

lncRNAs  which  are  found  in  the  distal  end  of  the   HOXA  gene  cluster  appear  as                 

molecular  signals  of  anatomic  specific  expression  and  are  involved  in  embryonic             

development 82 .   

1.8   LncRNAs   in   TNBCs   

  

Several  studies  reported  lncRNAs  expression  is  dysregulated  in  TNBCs  and  plays  a              

crucial  role  in  the  regulation  of  biological  processes  like  apoptosis,  cell  proliferation,              

promoting  epithelial-mesenchymal  transition  (EMT),  cell  migration  and  invasion 61 .   RMST           

(Rhabdomyosarcoma  2  Associated  Transcript)  lncRNA  located  on  chromosome  12,           

might  induce  the  block  of  G0/G1  phase  thus  inhibiting  cell  proliferation  in  TNBCs.  It  has                 
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a  tumor  suppressor  role  which  inhibits  cell  proliferation,  cell  migration  and  promotes              

apoptosis 87     ( Figure   1.9 ) .   

  

  

  

  

  

  

  

  

  

  

  

  

   Figure   1.9:    Functions   of   lncRNAs   in   Triple   Negative   Breast   Cancers 61   

  

LUCAT1  might  interact  and  regulate  miRNA   miR-5702  and  contribute  to  cell  cycle              

progression  and  metastasis  in  TNBCs 88   ( Figure  1.10 ) .   MIR100HG  binds  with  p27  to              

inhibit  cell  cycle  in  G1  phase 89  and  another  lncRNA   LINC00339  promote  tumor              

progression  by  sponging  to   miR-377-3p  and  activating   miR-377-3p/HOXC6  signalling           

pathway   in   TNBCs 90     ( Figure   1.10 ) .   
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Figure   1.10:    Some   of   the   lncRNAs   involved   in   regulation   of   cell   cycle 61     

  

LncRNA   NEAT1  plays  an  oncogenic  role  and  regulates  the  cell  cycle  progression  in               

TNBCs 91   ( Figure  1.10 ) .   GAS5  is  downregulated  in  TNBCs  and  inhibits  cell  proliferation              

and  cell  invasion  through  interacting  with  miRNA   miR-196a-5p 92  and  also  regulates  cell              

apoptosis 93 .     

  

Overexpression  of   LINC00096  interacts  with   miR-383-5p  and  regulates  expression  of            

RBM3  thereby  enhancing  the  cell  proliferation  and  invasion 94 .   PAPAS  lncRNA  acts  as  a               

ceRNA  based  on  its  interaction  with   miR-34a  and  promotes  cell  migration  and              

invasion 95 .  Several  lncRNAs  were  reported  as  molecular  signals,  based  on  their             

interaction  with  transcription  factors  to  regulate  the  target  genes  expression.  Some             

other  lncRNAs  interact  with  proteins,  other  RNAs  and  are  regarded  as  scaffolds.              

LncRNA   LINC02095  interacts  with  transcription  factor   SOX9  and  promotes  cell            
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proliferation  in  breast  cancer 96 .  It  was  reported  that  lncRNA   DANCR  acts  as  an               

oncogene  which  enhances   PI3K/AKT  signaling  by  activating  serine  phosphorylation  of            

RXRA  and  leading  to  TNBC  carcinogenesis 97 .   PDCD4-AS1  is  an  antisense  lncRNA  that              

regulates  the  expression  and  promotes  the  stability  of  mRNA   PDCD4 ,  forms  RNA              

duplex   and   controls   cancer   progression   in   TNBCs 98 .     

  

From  the  previous  studies  it  was  reported  that  lncRNAs  might  cause  cell  proliferation  in                

TNBCs  by  regulating  other  lncRNAs.  For  instance,  lncRNA   DRHC  downregulates  the             

HOTAIR  expression  and  inhibits  cell  proliferation  in  TNBCs 99 .   PTCSC3  overexpression            

inhibits  TNBC  cell  proliferation  by  downregulating  lncRNA   H19 100 .  LncRNA   NRON            

overexpression  led  to  downregulated  lncRNA   snaR ,  and  inhibited  cell  proliferation  in             

TNBC  cells 101 .  LncRNA   AWPPH  overexpression  led  to   FZD7  upregulation  and  promoted             

the  growth  of  triple  negative  breast  cancer 102 .   LUCAT1  modulates  the  expression  of              

miRNA   miR-5702  and  promotes  carcinogenesis  and  metastasis  in  triple  negative  breast             

cancer 88 .  LncRNA   ANRIL  promotes  tumorigenesis  via  sponging  miRNA   miR-199a  in            

TNBC  cells 103 .  Few  other  lncRNAs   MALAT1 104 ,   LINC01096 105 ,   TROJAN 106 ,          

LINC00152 107 ,   SNHG12 108  were  also  shown  playing  an  important  role  in  TNBC             

tumorigenesis  and  apoptosis.    Antisense  lncRNA   AFAP1-AS1 ,  regulates   MTH1          

expression  by  interacting  with  miRNA   miR-145  and  promotes  cell  proliferation  and             

invasion   in   TNBCs 109 .     

  

It  has  been  reported  that  TNBC  patients  have  a  high  risk  of  developing  metastasis,                

which  is  one  of  the  major  reasons  for  the  deaths  worldwide 110 .  Many  lncRNAs  have                
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been  identified  for  their  role  in  metastasis  and  cell  invasion.  LncRNA   LINC00096              

regulates   miR-383-5p/RBM3  pathway  which  in  turn  promotes  invasion  and  cell            

proliferation   in   TNBCs 94 .     

  

Overexpression  of  antisense  lncRNA   NAMPT-AS  regulates  the   NAMPT  gene           

epigenetically  and  promotes  metastasis  and  tumor  development  in  TNBC 111 .  Another            

lncRNA   CCAT1  downregulates  miRNA   miR-218  expression  which  in  turn  promotes            

TNBC  invasion  and  migration 112 .  In  TNBC   MIR503HG  works  as  a  tumor  suppressive              

lncRNA  which  interacts  with   miR-103/OLFM4  axis  and  inhibits  cell  invasion  and             

migration 113 .  Antisense  lncRNA   ZEB2-AS1  identified  as  an  oncogene  which  positively            

regulates   ZEB2  gene  expression  and  promotes  metastasis  and  cell  proliferation  in             

TNBC 114 .   ARNILA  which  is  a  androgen  receptor  negatively  induced  lncRNA  functions  as              

ceRNA  by  interacting  with  miRNA   miR-204  and  promotes  metastasis  and  cell  invasion              

in   TNBC 115     ( Figure   1.11 ) .   
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Figure  1.11:  lncRNAs  regulating  cell  metastasis  and  invasion  in  Triple  negative  breast             

cancer 61   

  

Previous  studies  show  that  the  lncRNAs  target  various  genes  and  are  involved  in               

regulating  drug  resistance 61  like  chemotherapy  drugs,  radiotherapy  and  immunotherapy           

drugs  in  TNBCs   ( Figure  1.12) .  For  example:   LINP1  enhances  repair  of  DNA  double               

strand  breaks  by  serving  as  a  scaffold  linking   Ku80,  DNA-PKcs  and  also  plays  a  key                 

role  in  radiotherapy  resistance  in  breast  cancer 116 .   LINK-A  is  overexpressed  in  TNBC              

and  predicts  immunosuppression  and  immunotherapy  resistance 6 .  The  same  lncRNA           

also  interacts  with  Phosphatidylinositol-3 ,4,5-trisphosphate  and  confers  resistance  to          
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AKT  inhibitors 66 .  LncRNA   AWPPH  and  miRNA   miR-21  interaction  might  regulate  TNBC             

cell  proliferation  and  chemosensitivity 117 .  There  are  other  lncRNAs   BORG,  H19,  NEAT1,             

HIF1A-AS2,  TUG1,  GAS5  that  mediate  chemotherapy  resistance  in  TNBCs   ( Figure            

1.12) .  All  these  studies  give  us  an  idea  about  lncRNAs  regulation  for  chemotherapy  and                

radiotherapy  drugs  resistance  in  TNBCs.  More  research  needs  to  be  done  in  future               

about   their   mechanisms   in   TNBCs.   

  

  

  

  

  

  

  

  

  

  

  

  

  

Figure  1.12:  lncRNAs  involved  in  the  regulation  of  immunotherapy,  radiotherapy  and             

chemotherapy   drugs   resistance 61   
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1.9   LncRNAs   from   immune   point   of   view   

Immune  system  is  an  important  component  for  every  being's  survival.  It  protects  from               

foreign  invaders  such  as  parasites,  viruses  and  bacterial  attacks.  For  disease  treatment              

and  drug  development,  it  is  very  much  important  to  know  about  the  immune  system.  It                 

involves  many  types  of  organs,  cells,  tissues  and  proteins  which  are  needed  for  the                

immune  system  to  work.  Many  studies  showed  that  the  immune  system  has  the               

potential  to  suppress  the  development  of  tumors 118–120 .  Many  lncRNAs  are  expressed  in              

immune  cells  (Macrophages,  CD8+  T  cells,  CD4+  T  cells,  B  cells,  Neutrophils,  Dendritic               

cells)  and  studies  showed  that  they  play  an  important  role  in  innate  and  adaptive                

immune  system,  linked  to  regulation  of  immune  response  and  disease            

development 121 , 122 .   

  

CD8+  T  cells (Cytotoxic  T  lymphocytes  /  Killer  T  cells)  are  the  most  prominent  immune                 

cells  that  protect  from  infected  cells  or  cancer  cells.  They  originate  in  the  thymus  of  the                  

human  body.  CD8+  T  cells  secrete  cytokines  and  play  an  important  role  in  antitumor                

effects.  They  produce  cytotoxic  granules  perforin  and  granzymes  to  induce  programmed             

apoptosis.  lncRNAs  were  associated  with  CD8+  T  cells  for  the  promotion  of  apoptosis               

and  regarded  as  functional  regulators,  which  can  act  as  a  biomarker  for              

immunotherapy 123 .  It  has  been  reported  that  CD8+  T  cells  also  defend  viruses  and  fight                

against  tumors.  Study  showed  that  lncRNA   Morbid  regulates  CD8+  T  cell  survival  in               

response  to  viral  infection 124 .  Inhibition  of   NEAT1  lncRNA  repressed  tumor  development             

in  hepatocellular  carcinoma  through  regulation  of  miR-155/Tim-3  pathway 125 .  Expression           

of   Lnc-Tim3  influences  the  CD8+  T  cell  exhaustion  which  is  associated  with  anti-tumor               
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immunity  and  can  be  used  as  a  potential  target  for  better  immune  response 126   ( Figure                

1.13) .   

  

Figure  1.13:  lncRNAs  association  with  immune  cells  by  interacting  with  different             

molecular   targets 123 .   

  

Macrophage  cells  originate  from  blood  monocytes  and  play  an  important  role  in              

regulating  immune  response  to  detect  and  kill  bacteria  or  pathogens.  They  also  produce               

antigens  to  T-cells  and  activate  other  cells  by  releasing  cytokines.  Studies  showed              

lncRNAs  were  involved  in  macrophage  growth  and  can  activate  or  inactivate  cell              

signalling  pathways,  preventing  apoptosis.  With  the  help  of  molecular  targets  several             

lncRNAs  were  associated  with  macrophage  differentiation  and  other  diseases.  For            

instance:   HOTAIR  lncRNA  plays  an  important  role  in  NF-kB  activation  and  is  proposed               
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as  a  biomarker  for  immune  response  in  macrophages 127 .  LncRNA   ANCR            

overexpression  promotes  invasion  and  metastasis  via  regulation  of  FoxO1  to  slow  down              

macrophage  M1  polarization 128 .  It  has  been  shown  that  lncRNA   AK085865  plays  an              

important   role   in   regulating   macrophage   polarization   both   in-vitro   and   in-vivo 129 .  

  

Dendritic  cells  are  a  type  of  antigen  presenting  cells  (APCs)  which  mainly  process               

antigens  on  cell  surface  to  the  T-cells  in  the  immune  system.  They  basically  link  the                 

innate  and  adaptive  immune  systems.  Experiments  showed  that  dendritic  cells  process             

antigens  and  play  an  important  role  in  converting  proteins  to  peptides  on  the  MHC                

molecules  which  are  recognized  by  T  lymphocytes.  lncRNAs  are  involved  in  dendritic              

cell  growth,  apoptosis  and  disease  development.  For  example:  Knockdown  of  lncRNA             

NEAT1  induces  tolerogenic  phenotype  in  dendritic  cells  with  the  help  of  NLRP3              

inflammasome 130 .  lncRNA   Lnc-DC  was  regarded  as  an  important  regulator  for  dendritic             

cell   growth   and   immune   responses   via   modulation   of   TLR9/STAT3   pathway 131 .   

  

Neutrophils  are  the  type  of  granulocytes,  make  up  40  -  70%  of  all  white  blood  cells  in                   

the  human  body 132 .  They  help  in  healing  damaged  tissues  and  infections.  lncRNAs  were               

seen  playing  a  key  role  in  regulating  spontaneous  neutrophil  apoptosis 133  and  also              

accelerate  immune  escape  of  ovarian  cancer  cells  and  might  act  as  target  for  therapy 123 .                

HOTTIP  promotes  interleukin  6  expression  and  upregulates  PDL1  in  neutrophils  and             

accelerates   immune   escape   in   ovarian   cancer   cells 134 .  
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CD4+  T  cells  are  the  type  of  T  cells  that  express  CD4  protein  on  its  surface,  regulate                   

immune  response  and  activate  CD8+  T  cells  and  B  cells  by  secreting  cytokines 135 .  They                

are  considered  as  the  helper  T  cells  and  are  important  to  activate  macrophages  and                

dendritic  cells  for  immune  defenses  from  harmful  infections.  They  have  different             

subtypes  T-helper  1,  T-helper  2,  T-helper  9,  T-helper  17,  Tregs,  and  follicular  helper  T-                

cell  to  counteract  virus  infections 136 .  It  has  been  reported  that  in  CD4+  T  cells,  lncRNAs                 

are  identified  as  epigenetic  and  transcriptomic  regulators  by  interacting  with  miRNA             

targets,  transcription  factors 137 .  They  were  regarded  as  important  for  T-cell  activation             

and  differentiation 138 .  LncRNA   MEG3  acts  as  a  ceRNA  by  interacting  with  microRNA-17              

and  affects  Th17/Treg  balance  in  asthma  patients 139 .   Linc-MAF-4  targets   MAF  gene  and              

regulates   differentiation   of   Th1/Th2   cells   in   multiple   sclerosis   patients 140 .  

  

B-cells  originate  in  the  bone  marrow  and  produce  antibodies  called  immunoglobulins  to              

fight  against  infections.  Several  immunoglobulins  like  IgG,  IgM,  IgA,  IgE  and  IgD  play               

distinct  roles  in  both  innate  and  adaptive  immune  responses 141 .  lncRNA  expression  is              

associated  with  transcription  factors  and  regulates  the  development  of  B-cells  and  cell              

cycle  regulation 123 .  lncRNAs   CRNDE  and   OIP5-AS  were  highly  expressed  in            

proliferating   B-cells   and   associated   with   cell   cycle   gene   regulation 142 , 143 .     
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2   Aim   of   the   research   project   

Long  non-coding  RNAs  have  been  found  dysregulated  in  many  cancer  types  and  also               

play  an  important  role  in  cancer  progression.  Several  studies  previously  reported  on  the               

role  of  lncRNAs  in  triple  negative  breast  cancer  progression.  However,  attempts  for  the               

identification  and  characterizing  the  function  of  lncRNAs  in  triple  negative  breast             

cancers,  especially  in  the  subtypes  of  TNBCs  are  very  limited.  Several  lncRNAs  were               

regarded  as  immune  regulators  in  different  diseases  and  cancer  types  which  might  act               

as  immunotherapy  targets.  In  TNBCs,  the  function  of  lncRNAs  in  immune  response  is               

not   well   explored.   

  

My  PhD  project  is  focused  on  detecting  novel  lncRNAs,  identifying  overexpressed             

lncRNAs  specific  to  the  subtypes  and  their  functional  characterization  by  applying             

in-silico  approaches  in  a  publicly  available  dataset  ( FUSCC  TNBC  cohort ).  Additionally,             

we  also  aimed  at  identifying  immune  lncRNAs  and  their  association  with  TNBC              

subtypes  and  selecting  signature  lncRNAs  related  to  the  immunogenicity  of  the             

samples.   
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3   Materials   and   Methods   

3.1     Data   collection,   Read   alignment   and    Ab-initio    assembly   

We  downloaded  the  raw  fastqs  of  317  TNBCs  and  44  non-tumor  samples  of  FUSCC                

cohort  (Accession:   OEP000155)  that  were  prepared  with  a  strand  specific  library  and              

sequenced  using  total  RNA-seq  with  the  rRNA  depletion  protocol  from  the  National              

Omics  Data  Encyclopedia  (NODE ) 144  ( http://www.biosino.org/node ).  RNA  sequencing         

quality  was  evaluated  for  all  the  samples  using  fastqc 145  and  multiqc 146 .   HISAT2 147  index               

was  built  using  GRCh38  genome  and  gencode  v27  annotation  files  with  --ss  and  --exon                

options  ( Figure  1 ).  RNA-seq  reads  were  aligned  to  the  GRCh38  reference  genome              

using   HISAT2 147 ,   followed  by  reference  based  assembly  with   StringTie 147  using  gencode             

v27  annotation.  Next,  a  transcriptome  was  finally  created  by  merging  all  assemblies              

using  --merge  option  from   StringTie .  Raw  read  counts  were  extracted  using             

featureCounts 148 .  TPM  was  extracted  using   TPMcalculator 149 .  Raw  fastqs  of  1,040            

breast  cancer  samples  were  downloaded  from  The  Cancer  Genome  Atlas  (TCGA)  data              

portal 150 .   The  data  was  aligned  to  the  GRCh38  genome  using   HISAT2 147   and  raw  counts                

extracted   with    featureCounts 148 .   

3.2   Identification   of   novel   lncRNAs     
  

In  addition  to  gencode-annotated  lncRNAs,  for  identifying  novel  lncRNAs  we  used             

gffcompare 151  output  to  compare  the  assembled  transcriptome  to  the  annotation  file  and              

look  for  transcripts  assigned  with  classification  codes  that  shows  a  relationship  between              

a  transcribed  fragment  and  the  near  by  reference  transcript   ( Figure  1 ) .  From  the  output                
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of   gffcompare,   annotated  transcripts  found  in  gencode  and   lncRNAKB 42  were  set  side              

and  focussed  on  unannotated  transcripts.  The  unannotated  transcripts  with  class  code             

“i”,  “u”,  “x”  that  represent  intronic,  intergenic  and  antisense  to  protein-coding  genes  were               

then  further  filtered.  First,  all  the  unannotated  transcripts  with  length  less  than  200  bp                

and  without  exons  were  removed.  Next,  based  on  the  expression,  single  exon              

transcripts  with  FPKM  >  1  in  at  least  one  sample  and  multi  exon  transcripts  with  FPKM                  

>  0.5  in  at  least  one  sample  were  kept  for  further  steps.  These  transcripts  were  then                  

used  as  input  into   lncRNApipe 152  which  uses   CPC2,  RNAFold  and   Infernal  tools  to               

detect  novel  lncRNA  transcripts.  FASTA  sequences  of  the  transcripts  were  used  to              

calculate  coding  potential  by   CPC2 153  with   UniRef90 154  protein  database  and  transcripts             

with  coding  probability  >  0.5  were  flagged  as  “coding”  and  removed  from  the  analysis.                

The  resulting  ncRNAs  were  then  used  to  predict  secondary  structure  minimum  free              

energy  using   RNAFold 155   from  the   ViennaRNA 155  package.  The  lower  the  entropy,  the              

more  stable  it  is  and  thus  more  likely  to  be  a  ncRNA  transcript.  The  remaining  ncRNA                  

transcripts  were  further  annotated  using   cmscan  from   Infernal 156  which  searches            

Rfam 157  database  and  discards  transcripts  that  have  any  match  with  other  RNA  families.               

Finally,  the  lncRNA  transcripts  found  after  using  all  the  tools  and  filtering  options,  were                

termed   as   novel   lncRNAs.     

3.3   TNBC   subtype   classification     

For  TNBC  subtype  classification,  Lehmann  et.  al  subtyping  approach  was  used 15 .             

Initially,  variance  stabilizing  transformations  (VST)  function  from DESeq2 158  was  applied            

on  raw  counts  data  to  produce  transformed  data  on  log2  scale  which  is  normalized  with                 
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respect  to  library  sizes.  The  normalized  data  was  then  used  as  an  input  into  the                 

TNBCtype 14  subtyping  tool  ( https://cbc.app.vumc.org/tnbc/ )  to  classify  TNBCs.  It  uses           

gene  signature  (n=2,188)  for  TNBC  subtype  prediction.  The  output  from  the  tool  shows               

each  sample  is  assigned  to  one  of  the  TNBC  subtypes  (BL1,  BL2,  M,  LAR,  MSL  and  IM)                   

based  on  the  highest  correlation  coefficient  and  p-value  <  0.05.  The  transformed  data  of                

317  TNBCs  and  44  normal  samples  of  the  FUSCC  cohort  was  used  for  principal                

component   analysis   to   check   the   distribution   between   the   samples.   

3.4   Differential   Expression   Analysis   

Annotated  lncRNAs  and  novel  lncRNAs  detected,  were  used  for  differential  expression             

analysis  between  the  subtypes  of  TNBCs  in  the  FUSCC  cohort.  LncRNAs  with  low               

expression  (<  1  log-counts  per  million  in  ≥  30  samples)  were  filtered  out.  Using  negative                 

binomial  distribution,  raw  counts  were  modeled  and  a  Wald  test  was  applied  from               

DESeq2 158  to  perform  differential  expression  analysis.  Differentially  expressed  lncRNAs           

were  identified  based  on  |  log2FC  |  >  1  and  FDR  <  0.05.  Followed  by,  differential                  

analysis  was  also  performed  between  TNBCs  (n=317)  and  normals  (n=44)  in  the              

FUSCC  cohort  for  both  annotated  and  novel  lncRNAs.  Similarly,  differential  analysis  for              

annotated  lncRNAs  was  also  performed  between  TNBCs  (n=178)  and  non-TNBCs            

(n=862)   in   the   TCGA   cohort.   
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3.5   Co-expression   network   analysis   

Co-expression  network  was  constructed  using   Weighted  gene  co-expression  network           

analysis  (WGCNA) 159  R  package  with  14,020  protein-coding  genes  and  12,390  lncRNAs             

(both  annotated  and  novel  lncRNAs)  after  filtering  out  genes  which  are  not  expressed  in                

at  least  10  samples.  Modules  were  identified  using  a  dynamic  tree  cut  approach,               

followed  by  calculating  the  moduleEigengenes  (1st  principal  component  of  each            

module).  To  identify  the  relationship  between  modules  and  phenotypes,  spearman            

correlation  was  applied  between  the  eigengenes  (1st  principal  component  of  each             

module)  and  TNBC  subtypes.  As  we  were  primarily  interested  in  upregulated  lncRNAs,              

modules  which  show  significant  positive  correlation  with  the  subtype  and  having  higher              

number   of   lncRNAs   were   considered   as   interesting   modules   for   further   analysis.   

3.6   Functional   enrichment   analysis   
  

Protein-coding  genes  correlated  with  any  of  the  lncRNAs  in  the  modules  were  used  as                

targets  for  identifying  the  lncRNA  function.  For  this,  modules  with  higher  numbers  of               

lncRNAs  co-expressed  with  protein-coding  genes  and  their  association  with  subtypes  of             

TNBCs,  were  selected.  All  the  protein-coding  genes  in  the  selected  modules  were  used               

for  Pathway  enrichment  analysis.  We  used   ClusterprofileR 160   and  applied  Gene            

Ontology,  KEGG  and  Reactome  analyses  for  estimating  enrichment  in  biological            

processes  and  pathways  for  interesting  modules.  Pathways  with  a   p-adjust  <  0.05  were               

selected.     
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3.7   Immune   lncRNA   identification   

Immune  lncRNAs  were  identified  with  a  three  step  process.  1)  lncRNA  -  Immune               

pathways  association  2)  lncRNA  -  Immune  cells  correlation  3)  lncRNA  -  Tumor  purity               

correlation.     

lncRNAs   and   immune   pathways   association:   

To  identify  lncRNAs  that  associate  with  immune  pathways,  the  computational  approach             

ImmLnc 4  was  used.  In  brief,  for  each  lncRNA-protein  coding  (PC)  gene  pair,  a  partial               

correlation  coefficient  was  calculated  incorporating  the  pairwise  correlation  coefficients           

between  the  lncRNA  expression,  the  PC  gene  expression  and  tumor  purity,  where              

tumor  purity  was  estimated  using   ESTIMATE 161 .  The  rank  score  for  the  lncRNA-PC              

gene  pair  was  then  defined  as  the  -log10(P-value)  of  the  partial  correlation,  signed  by                

the  direction  of  the  partial  correlation  coefficient.  For  each  lncRNA,  the  PC  genes  were                

then  ranked  based  on  rank  scores  with  the  given  lncRNA  and  used  for  gene  set                 

enrichment  analysis  (GSEA)  of  immune  pathways  derived  from   Immport 162  an  open             

access  data  portal.  Combining  the  enrichment  scores  and  p-values  from  the  GSEA              

analysis,  a  lncRNA  enrichment  score  (lncRES),  ranging  from  -1  to  1,  was  calculated  for                

each  immune  pathway.  lncRNAs  positively  and  negatively  associated  with  immune            

pathways  were  selected  based  on  |lncRES  score|  >  0.995  and  p-adjusted  value  (FDR)  <                

0.05.   
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Association   between   lncRNAs   and   immune   cells:   

To  check  the  association  between  lncRNAs  and  Immune  cells,  we  first  estimated  the               

immune  infiltration  levels  from  Tumor  Immune  Estimation  Resource  (TIMER  2.0) 163            

database  using  the  gene  expression  data  of  FUSCC  TNBCs.  Spearman’s  rank             

correlation  was  applied  between  the  lncRNA  expression  data  and  immune  cells             

infiltration  levels.  lncRNAs  correlated  with  immune  cells  were  identified  based  on  |r|  >               

0.4   and    p-value   <   0.05.   

  

Correlation   between   lncRNAs   and   tumor   purity:   

Similarly,  correlation  between  lncRNAs  expression  and  tumor  purity  (computed  using            

ESTIMATE 161 )  of  each  sample,  was  calculated  using  spearman  correlation  and  selected             

lncRNAs   based   on   correlation   coefficient   r   <   -   0.4   and   significant   p-adjusted   value.     

  

The  final  set  of  immune  lncRNAs  were  defined  as  the  overlap  between  all  the  above                 

three  steps  (lncRNAs  -  immune  pathways,  lncRNAs  -  immune  cells  and  lncRNAs  -               

tumor   purity).   

3.8   Immune   lncRNA   score   calculation   with   ssGSEA   

Using  the  expression  of  immune  lncRNAs,   ssGSEA 164  was  applied  to  calculate  immune              

lncRNA  score  using  the   GSVA 165  R  package.  Based  on  the  median  of  immune  lncRNA                

score,   immune   clusters   Immune-High   (IH)   and   Immune-Low   (IL)   were   identified.   
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3.9   Immunogenicity   of   the   samples   

Immunophenoscore  (IPS)  is  an  aggregated  score  calculated  using  the   getIPS  function             

supplied  by  The  cancer  Immunome  Atlas 166 ,  which  is  based  on  the  expression  of               

representative  genes  of  four  immunophenotypes  in  tumor  samples:  MHC  molecules            

(antigen  processing),  immunomodulators,  suppressor  cells  (Tregs  and  MDSCs)  and           

effector  cells  (CD8+  T  cells  and  CD4+  T  cells) 166 .  It  also  calculates  mean  expression                

(z-score)  of  all  the  four  immune  genesets.  The  higher  IPS  aggregated  score,  the  more                

immunogenic  the  samples  are,  which  is  correlated  with  response  to  immunotherapy 166 .             

Tumor  inflammation  signature  (TIS)  is  a  score  which  is  associated  with  response  to               

anti-PD-1  treatment 167 .  TIS  score  is  estimated  by  applying  gene  set  variation  analysis              

(GSVA)  on  the  expression  of  18  gene  signatures  that  enriches  for  clinical  benefit  of                

immunotherapy.  Tumors  with  higher  TIS  score  are  associated  with  better  response  to              

anti-PD-1  blockade 168 .  Using  the  gene  expression  data  other  immune  related  scores  of              

TNBCs  were  calculated.  Mean  of  the  expression  levels  of  two  cytolytic  effectors              

granzyme  A  ( GZMA )  and  perforin  ( PRF1 ),  a  quantitative  score  of  cytolytic  activity  ( CYT )               

has  been  calculated 169 .  Similarly,  based  on  the  expression  levels  of  MHC-I  geneset 170 ,  a               

mean  expression  was  calculated  which  is  regarded  as  MHC  score  for  TNBC  patients.               

Immune  score  which  represents  immune  cell  infiltration,  was  calculated  from  the             

ESTIMATE 161  R  package.  Stromal  TILs  (sTILs)  and  Intratumoral  TILs  (iTILs)  information             

from  H&E  staining  of  TNBC  patients  was  used  from  the  clinical  data  of  the  FUSCC                 

cohort 144 .   Consensus  TME 171  is  an  integrative  tool  which  uses  multiple  immune             

genesets   to   calculate   the   abundance   of   multiple   cell   types   of   TNBC   samples.  
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3.10   Identification   of   most   important   lncRNAs   related   to   Immune   High   

To  identify  the  significant  important  lncRNAs  related  to  the  immune-high  cluster,  we              

divided  317  TNBCs  randomly  into  training  (75%  of  samples)  and  testing  (remaining  25%               

of  samples)  datasets.  Using  the  training  dataset,  differential  expression  analysis  was             

performed  between  identified  Immune-High  and  Immune-Low  clusters.  We  applied  an            

algorithm   biosigner 172  to  select  lncRNAs  that  are  most  important  for  classifier            

performance.  It  iterates  through  feature  selection  steps  which  include  resampling,            

ranking  of  lncRNAs  according  to  their  importance  in  the  model  and  the  identification  of                

significant  lncRNAs  until  the  model  is  restricted  to  significant  lncRNAs  or  when  there  is                

no  feature  left  for  evaluation.  This  algorithm  is  wrapped  around  three  binary  classifiers:               

partial  least  squares  discriminant  analysis  (PLS-DA),  random  forest  (RF)  and  support             

vector  machines  (SVM).  As  a  final  result,  the  algorithm  assigns  each  significant  lncRNA               

to  a  tier  for  each  of  the  three  machine  learning  approaches.  S  tier  is  for  lncRNAs  in  the                    

final  signature,  where  lncRNAs  are  regarded  significant  in  all  iterations  of  feature              

selection;  A  tier  -  lncRNAs  found  significant  in  all  but  the  last  iteration  followed  by  B,  C,                   

D  and  E  tiers.  The  performance  of  the  final  models  was  evaluated  on  the  testing                 

dataset.   
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4   Results   

4.1   Identification   of   novel   lncRNAs   in   TNBCs   

To  identify  novel  lncRNAs  in  TNBCs  ,  we  downloaded  data  for  317  TNBCs  and  44                 

normals  of  the  FUSCC  cohort  which  was  sequenced  using  paired  end  strand-specific              

total  RNA-seq  (rRNA  depletion  protocol).  All  the  samples  were  aligned  to  the  GRCh38               

reference  genome  using   HISAT2   and   ab-initio  assembly  with   StingTie.  A  total  of  15,754               

lncRNAs  and  19,802  protein  coding  genes  were  annotated  by  gencode  v27 34  gene              

annotation  in  FUSCC  samples   (Figure  4.1A) .  Annotated  transcripts  and  protein-coding            

genes  were  excluded  from  the  detection  of  novel  lncRNAs  and  the  remaining  transcripts               

that  represent  intronic,  intergenic  and  antisense  to  protein-coding  genes  were  then  used              

to   detect   novel   lncRNAs.     

  

We  applied  bioinformatic  tools  and  filters  to  detect  novel  lncRNAs   (Figure  4.1A) .  For               

this,  the  unannotated  transcripts  with  class  code  “i”,  “u”,  “x”  that  represent  intronic,               

intergenic  and  antisense  to  protein-coding  genes  were  used.  Initially,  some  of  the              

transcripts  were  filtered  out  that  have  length  <  200  bp  and  without  any  exons.  Followed                 

by,  single  exon  transcripts  with  FPKM  >  1  in  at  least  one  sample  and  multi  exon                  

transcripts  with  FPKM  >  0.5  in  at  least  one  sample  were  used  for  further  analysis.   CPC2                  

(Coding  Potential  Calculator) 153  was  run  on  transcripts  to  estimate  coding  potential  and              

removed  transcripts  that  have  coding  probability  >  0.5  which  were  flagged  as  “coding”.               

The  ncRNA  transcripts  were  then  filtered  based  on  the  stability  of  the  secondary               

structure  using   RNAFold  followed  by  structure  and  sequence  similarities  with  any  other              
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RNA  families  from  the Rfam  database  using   Infernal.   From  the  above  filtering  steps  we                

finally  identified  a  total  of  5,716  novel  lncRNAs  (12,372  lncRNA  transcripts)   (Figure              

4.1A) .  Among  them  86.7%  were  located  in  intergenic  regions  (Intergenic),  2.4%  were              

antisense  exonic  overlap  with  protein-coding  genes  (Antisense  Exonic),  10.7%  were            

antisense   intronic   that   overlap   with   protein   coding   genes    (Figure   4.1B) .   

Figure  4.1 :  Identification  and  characterization  of  novel  lncRNAs  in  TNBCs  A)             

Computational  workflow  to  identify  novel  lncRNAs  in  361  TNBCs.  B)  Pie  chart  showing               

identified   novel   lncRNAs   gene   types   percentage.   

  

Looking  at  the  characteristics  of  the  detected  novel  lncRNAs,  they  were  shorter  than               

annotated  lncRNAs  and  protein-coding  transcripts  in  length   (Figure  4.2A) .  Novel            

lncRNA  transcripts  have  fewer  exons  when  compared  with  annotated  lncRNAs  and             
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protein-coding  transcripts   ([NL:  median=2.0,  mean=2.4];  [AL:  median=3.0,  mean=3.7];          

[PC:  median=6.0,  mean=8.8])   (Figure  4.2B) .   We  observed  that  the  novel  lncRNAs  were              

low  expressed   ([NL:  median=1.9,  sd=1.1];  [AL:  median=2.1,  sd=1.3];  [PC:  median=3.7,            

sd=1.9])  than  protein-coding  and  annotated  lncRNA  transcripts  ( p-value  <  0.001)            

(Figure  4.2C) .  Also  we  found  that,  similar  to  annotated  lncRNAs,  novel  lncRNA              

transcripts  have  extremely  low  coding  probability  when  compared  to  protein-coding            

transcripts.  There  is  a  good  separation  between  the  coding  potential  score  distributions              

(Figure  4.2D) .  The  317  TNBC  samples  were  categorized  into  BL1  (n=65),  BL2  (n=24),               

M   (n=55),   LAR   (n=62),   MSL   (n=39)   and   IM   (n=72)   using   TNBCtype 14    subtyping   tool.   

  

Figure  4.2:   Characterization  of  identified  novel  lncRNAs  comparing  with  protein-coding            

genes,  annotated  lncRNAs  A)  Transcript  length  B)  Exon  number  C)  Expression  D)              

Coding   Potential.     

4.2   Differentially   expressed   lncRNAs   in   TNBCs   

To  identify  lncRNAs  that  defined  each  TNBC  subtype,  initially  raw  read  counts  of               

lncRNAs  (including  annotated  lncRNAs  and  novel  lncRNAs)  were  obtained  using            

featureCounts 148 .  Using  negative  binomial  distribution,  raw  counts  were  modeled  and  a             
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Wald  test  was  applied  from   DESeq2 158  to  perform  differential  expression  analysis.  We              

identified  2,039  lncRNAs  (648  up-regulated  and  1391  down-regulated  in  BL1)  between             

BL1  and  other  subtypes  combined,  518  lncRNAs  (202  up-regulated  and  316             

down-regulated   in   BL2)   between   BL2   and   other   subtypes   combined,   1684   lncRNAs   

Figure  4.3:  Differential  expression  analysis  between  each  subtype  of  TNBCs  compared             

to  remaining  subtypes  combined.  Heatmap  depicts  differentially  expressed  lncRNAs           

which  were  selected  based  on  |log2FC|  >  1  and  FDR  <  0.05.  Highlighted  annotated                

lncRNAs   were   already   reported   in   different   cancer   types.   
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(490  up-regulated  and  1194  down-regulated  in  IM)  between  IM  and  other  subtypes              

combined,  1593  lncRNAs  (564  up-regulated  and  1029  down-regulated  in  M)  between  M              

and  other  subtypes  combined,  2055  lncRNAs  (497  up-regulated  and  1558            

down-regulated  in  MSL)  between  MSL  and  other  subtypes  combined,  2503  lncRNAs             

(1309  up-regulated  and  1194  down-regulated  in  LAR)  between  LAR  and  other  subtypes              

combined  were  considered  differentially  expressed  based  on  |  log2FC  |  >  1  and  false                

discovery   rate   (FDR)   <   0.05    (Figure   4.3) .   

  

Some  of  the  overexpressed  lncRNAs  specific  to  the  subtypes  in  this  study  have  been                

reported   previously   about   their   role   in   different   cancers.   BL1   subtype   lncRNAs   such   as,     

AC006329.1  is  one  of  the  recurrence  associated  six-lncRNAs  identified  that  distinguish             

high  risk  and  low  risk  patients  in  colon  cancer 173 .   LINC00707  was  upregulated  and  led  to                 

cancer  progression  in  bladder  cancer 174  and  also  promotes  cell  proliferation  and             

invasion  in  colorectal  cancer  through   miR-206/FMNL2   axis 175 .   LINP1  promotes  acute            

myeloid  leukemia  progression  through  HNF4α/AMPK/WNT5A  signaling  pathway  and          

might  be  used  as  a  therapeutic  target  for  treatment 176 .  It  also  regulates  dna  double                

strand  break  repair  in  TNBCs 116 .   BANCR  (BRAF  activated  non-coding  RNA)  acts  as  an               

oncogene  in  melanoma 177 ,  lung  cancer 178 ,  gastric 179  and  colorectal  cancers 180  associated            

with  clinical  progression  and  poor  prognosis.   BLACAT1  expression  is  upregulated  in             

colorectal  cancer  which  leads  to  poor  prognosis  and  affects  cell  proliferation 181 .             

DDX11-AS1  promotes  cell-cycle  progression,  cancer  development  in  hepatocellular          

carcinoma 182 ,  non-small  cell  lung  cancer 183 ,  gastric  cancer 184  and  colorectal  cancer 185 .            

FOXP4-AS1  is  overexpressed  and  regulates  proliferation  in  colorectal  cancer 186 ,           
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promoting  the  growth  of  prostate  cancer 187 .   MEG8  lncRNA,  which  is  downregulated  in              

the  BL1  subtype,  is  also  downregulated  in  osteoarthritis,  regulates  apoptosis  and  might              

be  a  target  for  treatment 188 .  Other  lncRNAs   LINC01116 ,   H19  were  also  downregulated  in               

the   BL1   subtype.     

  

BL2  subtype  upregulated  lncRNAs,  for  example   HOTTIP  has  been  reported  as  an              

oncogene  which  is  associated  with  cell  proliferation  and  migration  in  lung  cancer 189 ,              

hepatocellular  carcinoma 190 ,  colorectal  cancer 191 .  Upregulation  of   LINC01980  in          

esophageal  squamous  cell  carcinoma  enhances  tumor  progression 192 .   LINC00520          

promotes  metastasis  and  tumor  growth  in  melanoma 193 .   FENDRR  is  downregulated  in             

the  BL2  subtype,  also  showed  downregulation  in  gastric  cancer,  associated  with  poor              

prognosis  and  regulates  metastasis 194 .   DLX6-AS1  downregulation  decreased  cell          

proliferation,   migration   and   invasion   in   epithelial   ovarian   cancer 195 .   

  

M  subtype  overexpressed  lncRNAs  such  as   SLC25A25-AS1  play  an  oncogenic  role  in              

non-small  cell  lung  cancer  through miRNA-195-5p/ITGA2  axis 196 .  Other  lncRNAs           

AC027796.4,  AC111170.3,  AC111170.2  were  upregulated  and   FENDRR  is          

downregulated  in  M  subtype  which  has  been  reported  as  a  chromatin  modifier  which               

affects   gene   expression 83 .   

  

MSL  subtype  upregulated  lncRNAs  include   MIR100HG  which  is  overexpressed  and            

linked  to  cetuximab  resistance  through  wnt  signaling  along  with  miRNAs   miR100  and              

miR125b 197 .   MEG3  which   promotes  tumor  development  of  osteoblasts  through           
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wnt/beta-catenin  signaling 198 .  In  addition,  several  other  lncRNAs  (for  example:           

AC138207.4,  LINC01013,  LINC01197,  PCAT19 )  were  also  upregulated,  whereas  others           

(for   example:    HOTTIP,   HOTAIR )   were   downregulated   in   MSL   subtype.   

  

LAR  subtype  overexpressed  lncRNAs,  for  instance   LINC00624  acts  as  a  decoy  and              

promotes  hepatocellular  carcinoma  progression 199 .   BCRP3  has  been  part  of  the  ceRNA             

network  and  found  as  a  potential  biomarker  in  lung  adenocarcinoma.  CASC8  is              

downregulated  in  the  LAR  subtype,  and  is  involved  in  regulating  glycolysis  in  bladder               

cancer 200 .  Along  with  these,  several  other  known  lncRNAs  have  been  upregulated  and              

downregulated   in   the   LAR   subtype.   

  

IM  subtype  upregulated  lncRNAs,   ITGB2-AS1   associated  with  immune  signatures  and            

chemotherapy  outcome  in  acute  myeloid  leukemia 201 ,  LINC00944   immune  related           

lncRNA  associated  with  breast  cancer  prognosis ,  LINC01871   is  among  the  immune             

lncRNA  signatures  in  treating  melanoma 202  and  MIR155HG   a  biomarker  associated  with             

immune  checkpoint  expression  levels  in  multiple  cancers 203 .  In  particular,  we  also             

identified  novel  lncRNAs  upregulated  and  downregulated  in  respective  subtypes.           

Therefore,  primarily  these  deregulated  lncRNAs  can  be  looked  at  to  predict  their              

functional  and  regulatory  mechanisms  related  to  the  subtypes  of  TNBCs  with   in-silico              

approaches.   

  

With  the  principal  component  analyses  of  the  361  samples  (317  TNBCs  and  44               

normals)  we  observed  that  the  samples  were  clustered  together  with  respective  to  their               
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subtypes  and  displayed  a  similar  distribution  based  on  the  expression  of  protein-coding              

genes,  annotated  lncRNAs  and  novel  lncRNAs   (Figure  4.4) .  The  LAR  subtype  is  far               

away  from  the  other  subtypes  in  PCA  and  this  observation  is  consistent  with  the                

identification   of   most   differentially   expressed   lncRNAs   specific   to   the   LAR   subtype.   

Figure  4.4:  PCA  showing  the  samples  segregation  with  respect  to  their  subtypes  based               

on   coding   genes,   annotated   lncRNAs   and   novel   lncRNAs.   

4.3   Functional   evaluation   of   lncRNAs   with   co-expression   network   

To  identify  the  biological  pathways  in  which  lncRNAs  are  involved  in  each  subtype  of                

TNBCs,  we  constructed  a  co-expression  network  analysis  with  14,020  protein-coding            

genes  (PC)  and  12,390  lncRNAs  (both  annotated  (AL)  and  novel  lncRNAs  (NL)).  Using               

Weighted  gene  co-expression  network  analysis  (WGCNA)  we  identified  20  modules            

(Figure   4.5A) .     

  

As  lncRNAs  have  low  expression  compared  to  mRNAs,  we  focussed  on  upregulated              

lncRNAs.  We  calculated  module  eigengenes  (1st  principal  component  of  modules)  and             

applied  spearman  correlation  to  define  the  relationship  between  the  modules  and  the              
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subtypes.  Among  the  identified  modules,  M8  (r  =  0.33,  p-value  <  0.001;  PC  =  66,  AL  =                   

7,  NL  =  4),  M5  (r  =  0.34,  p-value  <  0.001;  PC  =  56,  AL  =  1,  NL  =  0),  M1  (r  =  0.44,                          

p-value  <  0.001;  PC  =  410,  AL  =  21,  NL  =  6)  and  M17  (r  =  0.33,  p-value  <  0.001;  PC  =                        

65,  AL  =  1,  NL  =  0)  were  having  a  significant  positive  corrrelation  with  BL1  subtype.  We                   

observed  that  M3  (r  =  0.2,  p-value  <  0.001;  PC  =  221,  AL  =  12,  NL  =  3)  is  the  only                       

module  that  has  a  positive  correlation  with  BL2  subtype.  Module  M2  (r  =  0.61,  p-value  <                  

0.001;  PC  =  1063,  AL  =  213,  NL  =  53)  had  a  strong  positive  significant  corrrelation  with                   

IM  subtype.  M18  (r  =  0.17,  p-value  =  0.003;  PC  =  52,  AL  =  2,  NL  =  0),  M20  (r  =  0.16,                        

p-value  =  0.004;  PC  =  58,  AL  =  2,  NL  =  0),  M8  (r  =  0.12,  p-value  =  0.04;  PC  =  66,  AL  =                          

7,  NL  =  4),  M16  (r  =  0.12,  p-value  =  0.04;  PC  =  312,  AL  =  21,  NL  =  1),  M1  (r  =  0.17,                          

p-value  =  0.003;  PC  =  410,  AL  =  21,  NL  =  6)  and  M5  (r  =  0.17,  p-value  =  0.002;  PC  =                        

56,  AL  =  1,  NL  =  0)  modules  showed  a  positive  correlation  with  M  subtype.  M9  (r  =  0.5,                     

p-value  <  0.001;  PC  =  330,  AL  =  20,  NL  =  6)  is  the  only  module  that  showed  strong                     

positive  significant  correlation  with  the  MSL  subtype.  Modules  M15  (r  =  0.66,  p-value  <                

0.001;  PC  =  55,  AL  =  28,  NL  =  19)  and  M19  (r  =  0.32,  p-value  <  0.001;  PC  =  60,  AL  =  5,                          

NL   =   0)   were   positively   correlated   with   the   LAR   subtype    (Figure   4.5B) .   

  

For  identifying  lncRNA  function,  we  selected  6  interesting  modules  one  for  each  subtype               

(M1  ~  BL1,  M3  ~  BL2,  M2  ~  IM,  M15  ~  LAR,  M16  ~  M,  M9  ~  MSL)  based  on  the                       

highest  number  of  lncRNAs  (upregulated  annotated  and  novel  lncRNAs)  co-expressed            

with  protein  coding  genes  and  significant  positive  correlation  between  modules  and             

subtypes   (Figure  4.6A,  Table  4.1) .  Pathway  Analysis  was  performed  on  the             
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protein-coding  genes  in  these  modules  to  identify  pathways  related  to  each  subtype.              

(Figure   4.6B,   Appendix   Table   1)   
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Table   4.1:   Modules   identified   from   WGCNA   with   number   of   co-expressed   
protein-coding   and   lncRNAs   

Modules   Protein-coding   Annotated   
LncRNAs   

Novel   LncRNAs   

M19   60   5   0   
M13   71   1   0   
M12   50   3   0   
M6   1435   54   1   

M18   52   2   0   
M8   66   7   4   

M20   58   2   0   
M4   253   1   0   

M10   45   3   1   
M16   312   21   1   
M1   410   21   6   
M5   56   1   0   

M14   48   4   0   
M17   65   1   0   
M7   84   0   0   
M11   49   1   0   
M15   55   28   19   
M2   1063   213   53   
M3   221   12   3   
M9   330   20   6   

        
Colored   modules   are   selected   for   further   analysis   based   on   the   number   of   

co-expressed   annotated   and   novel   lncRNAs   along   with   Module   -   Phenotype   
correlation   



  

  

Figure  4.5:   A)  Gene      

dendrogram  derived  by  the      

hierarchical  clustering.  The  colors      

represent  the  identified  modules      

by  the  Dynamic  Tree  Cut.  B)        

Module  –  Phenotype  relationship      

plot  shows  subtypes  on  x-axis,       

correlation  coefficient  and  in  the       

parentheses  p-value  were  shown      

in  the  box.  Identified  modules       

were  on  the  y-axis  with  the  bar         

plot  showing  the  number  of       

protein-coding  genes,  annotated     

lncRNAs,  novel  lncRNAs  which      

were  co-expressed  in  the      

parentheses.   

  

Module  M1  showed  a  significant  positive  correlation  with  BL1  subtype  (r  =  0.44,  p-value                

<  0.001;  PC  =  410,  AL  =  21,  NL=  6)  in  which  protein-coding  genes  were  enriched  with                   

pathways  related  to  cell  cycle,  DNA  replication  and  double  strand  break  repair  which               

play  an  important  role  in  cell  differentiation   (Figure  4.6B,  Appendix  Table  1) .  Among               

the  21  annotated  lncRNAs,  6  lncRNAs   AC006329.1  (Antisense  RNA  located  on             

chromosome  7),   AC013391.2  (sense  overlapping  RNA  located  on  chromosome  5),            

AC016205.1  (Intergenic  lncRNA  located  on  chromosome  18),   DDX11-AS1  (Antisense           
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RNA  located  on  chromosome  12),   FOXP4-AS1  (Antisense  RNA  located  on            

chromosome  6)  and   AP001505.2  (Intergenic  lncRNA  located  on  chromosome  21)  were             

upregulated  in  TNBCs  when  compared  with  normals  in  the  FUSCC  cohort  and  also               

upregulated  in  TNBCs  when  compared  with  non-TNBCs  in  the  TCGA  cohort   (Figure              

4.7,   Table   4.2) .   

Figure  4.6:   A)  Selected  Modules  with  the         

number  of  co-expressed  protein-coding  genes,       

annotated  lncRNAs  and  novel  lncRNAs  for        

pathway  analysis.  B)  Pathway  enrichment       

analysis  for  the  selected  modules  (M1,  M3,  M16,          

M2,  M9  and  M15).  Most  significantly  enriched  pathways  which  have  FDR  <  0.05  were                

displayed   in   the   heatmap.   

  

Among  the  novel  lncRNAs  in  this   Module  M1 ,  two  of  them MSTRG.11483  (Antisense               

Exonic  to   LRRC41 )  and   MSTRG.9061  (Antisense  Intronic  to   MTFR1L )  located  on             

chromosome  1  were  also  upregulated  in  TNBCs  when  compared  with  normals   (Figure              

4.7,   Table   4.2)   
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Table   4.2:   lncRNAs   upregulated   in   BL1   vs   other   subtypes   and   also   upregulated   in   TNBCs   vs   Normals   and   
TNBCs   vs   non-TNBCs   

These   lncRNAs   are   also   associated   with   the   Module   M1   in   WGCNA   
lncRNA   

Type  GeneSymbols  WGCNA  FUSCC_BL1vs 
Other_log2FC  

FUSCC_BL1vs 
Other_padj   

FUSCC_TNBCvs 
Nor_log2FC   

FUSCC_TNBCvs 
Nor_padj   

TCGA_TNBCvs 
nonT_log2FC   

TCGA_TNBCvs 
nonT_padj   

Annotated   AC006329.1   M1   (BL1)   1.564306621   1.97E-09   3.114122711   5.88E-23   1.4309   7.56E-41   
Annotated   AC013391.2   M1   (BL1)   1.023075524   4.48E-06   3.45499961   5.32E-18   0.59186   0.0313   

Annotated   AC016205.1   M1   (BL1)   1.441486435   3.93E-13   2.487463076   3.04E-24   1.084   5.54E-21   
Annotated   AP001505.2   M1   (BL1)   1.136935167   3.41E-12   1.111219846   1.78E-07   1.497   4.61E-52   
Annotated   DDX11-AS1   M1   (BL1)   1.056538245   1.95E-10   1.70895777   1.26E-17   1.2021   3.94E-60   

Annotated   FOXP4-AS1   M1   (BL1)   1.417952699   4.18E-12   2.177561536   1.26E-17   2.0093   1.51E-67   
Novel   MSTRG.11483   M1   (BL1)   1.134830075   5.62E-13   3.309345386   1.50E-63   NA   NA   
Novel   MSTRG.9061   M1   (BL1)   1.071385576   1.01E-06   2.776862036   5.34E-13   NA   NA   



  

  

  

Figure  4.7:   Heatmap  showing  the  expression  of  interesting  lncRNAs  that  were             

co-expressed  with  protein-coding  genes  in  the  identified  modules.  They  were            

overexpressed  in  their  respective  subtypes  (vs  Other  subtypes)  and  TNBCs  (vs             

Normals)  in  the  FUSCC  cohort.  Annotated  lncRNAs  were  also  seen  overexpressed  in              

TNBCs   (vs   non-TNBCs)   in   the   TCGA   cohort.   
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Module  M3  showed  association  with  BL2  subtype  (r  =  0.2,  p-value  <  0.001;  PC  =  221,                  

AL  =  12,  NL  =  3).  The  coding  genes  in  M3  were  enriched  in  pathways  including                  

extracellular  matrix  organization  and  signalling  by  MET   (Figure  4.6B,  Appendix  Table             

1) .  Annotated  lncRNA   AP000695.2  (Antisense  RNA  located  on  chromosome  21)  and             

novel  lncRNAs   MSTRG.180740 ,   MSTRG.180762  (Intergenic  lncRNAs  located  on          

chromosome  5)  and   MSTRG.24184  (Intergenic  lncRNA  located  on  chromosome  1)            

were  upregulated  in  BL2  (vs  Other  subtypes)  and  TNBCs  (vs  Normals)   (Figure  4.7,               

Table   4.3) .   

  

Module  M16  was  associated  with  M  subtype  (r  =  0.12,  p-value  =  0.04;  PC  =  312,  AL  =                    

21,  NL  =  1)  Protein  coding  genes  co-expressed  with  lncRNAs  are  associated  with               

pathways  like  beta-catenin  binding  and  chromatin  organization   (Figure  4.6B,  Appendix            

Table  1) .  lncRNAs  such  as   AC027796.4  (Antisense  RNA)  and   AC111170.2  (sense             

intronic)  were  located  on  chromosome  17  and  novel  lncRNA   MSTRG.130624            

(Antisense  intronic  to   MAVS )  was  located  on  chromosome  20  were  upregulated  in  the  M                

subtype  compared  with  other  subtypes  and  also  upregulated  in  TNBCs  in  the  other               

comparisons    (Figure   4.7,   Table   4.4)   
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Table   4.3:   lncRNAs   upregulated   in   BL2   vs   other   subtypes   and   also   upregulated   in   TNBCs   vs   Normals   and   
TNBCs   vs   non-TNBCs   

These   lncRNAs   are   also   associated   with   the   Module   M3   in   WGCNA   
lncRNA   

Type  GeneSymbols  WGCNA  FUSCC_BL2vs 
Other_log2FC   

FUSCC_BL2v 
sOther_padj   

FUSCC_TNBC 
vsNor_log2FC  

FUSCC_TNB 
CvsNor_padj  

TCGA_TNBCvsnon 
T_log2FC   

TCGA_TNBCvsno 
nT_padj   

Annotated  AP000695.2   M3   (BL2)  1.021902   0.001039   1.840553   7.61E-17   0.21515   0.037515   

Novel   MSTRG.180740  M3   (BL2)  1.1399   2.40E-05   3.069444   1.95E-71   NA   NA   

Novel   MSTRG.180762  M3   (BL2)  1.042025   0.0019399   3.330093   1.83E-27   NA   NA   

Novel   MSTRG.24184   M3   (BL2)  1.068983   0.0190337   4.514372   2.02E-66   NA   NA   

Table   4.4:   lncRNAs   upregulated   in   M   (Mesenchymal)   vs   other   subtypes   and   also   upregulated   in   TNBCs   vs   
Normals   and   TNBCs   vs   non-TNBCs   

These   lncRNAs   are   also   associated   with   the   Module   M16   in   WGCNA   

lncRNA   Type  GeneSymbols  WGCNA   FUSCC_Mvs 
Other_log2FC  

FUSCC_Mvs 
Other_padj   

FUSCC_TNBC 
vsNor_log2FC  

FUSCC_TNBCvs 
Nor_padj   

TCGA_TNBCvs 
nonT_log2FC   

TCGA_TNBCvs 
nonT_padj   

Annotated   AC027796.4   M16   (M)   0.512343   0.0009368   0.4179891   0.00957841   0.3679657   2.04E-13   

Annotated   AC111170.2   M16   (M)   0.369826   0.0462604   0.569518   0.001212   0.610838   6.97E-05   

Annotated   AC111170.3   M16   (M)   0.273536   0.0464764   0.4118934   0.001710   0.240441   0.029869   

Novel   MSTRG.130624  M16   (M)   0.458688   0.0006191   0.540190   6.85E-05   NA   NA   



  

  

Module  M9  was  significantly  associated  with  MSL  subtype  (r  =  0.49,  p-value  <  0.001;                

PC  =  330,  AL  =  20,  NL  =  6),  where  protein  coding  genes  were  enriched  in  pathways                   

related  to  focal  adhesion,  calcium  signaling  pathway,  Wnt  signaling  pathway   (Figure             

4.6B,  Appendix  Table  1) .  Among  the  lncRNAs  in  this  module,  only  a  single  annotated                

lncRNA   AC138207.4  (sense  intronic  located  on  chromosome  17)  was  found  interesting             

based   on   its   upregulation   in   all   the   comparisons    (Figure   4.7,   Table   4.5)   

  

Module  M15  was  significantly  associated  with  the  LAR  subtype  (r  =  0.66,  p-value  <                

0.001;  PC  =  55,  AL  =  28,  NL  =  19).  Coding  genes  in  M15  were  related  to  metabolic                    

processes  including  fatty  acid  metabolism,  tyrosine  metabolism   (Figure  4.6B,           

Appendix  Table  1) .  Annotated  lncRNAs  in  this  module  included   LINC00624  (Antisense             

RNA  located  on  chromosome  1),   LINC01395  (intergenic  lncRNA  on  chromosome  11)             

and  11  other  annotated  lncRNAs  that  were  upregulated  in  LAR  subtype  (vs  Other               

subtypes)  and  in  TNBCs  (vs  Normals)  in  FUSCC.  These  lncRNAs  were  also              

upregulated  in  TNBCs  when  compared  with  non-TNBCs  in  the  TCGA  cohort.  19  novel               

lncRNAs  were  upregulated  in  LAR  subtype  and  also  upregulated  in  TNBCs  when              

compared   to   normals   in   the   FUSCC   cohort    (Figure   4.7,   Table   4.6) .     
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Table   4.5:   lncRNAs   upregulated   in   MSL   vs   other   subtypes   and   also   upregulated   in   TNBCs   vs   Normals   
and   TNBCs   vs   non-TNBCs   

These   lncRNAs   are   also   associated   with   the   Module   M9   in   WGCNA   
lncRNA   

Type  GeneSymbols  WGCNA  FUSCC_MSLvs 
Other_log2FC   

FUSCC_MSL 
vsOther_padj  

FUSCC_TNBC 
vsNor_log2FC  

FUSCC_TNBCv 
sNor_padj   

TCGA_TNBCvs 
nonT_log2FC   

TCGA_TNBCvs 
nonT_padj   

Annotated   AC138207.4   M9   (MSL)  0.60511   8.69E-09   0.22872   0.02837   0.189326   0.0002640   

Table   4.6:   lncRNAs   upregulated   in   LAR   vs   other   subtypes   and   also   upregulated   in   TNBCs   vs   Normals   and  
TNBCs   vs   non-TNBCs   

These   lncRNAs   are   also   associated   with   the   Module   M15   in   WGCNA     
lncRNA   

Type  GeneSymbols  WGCNA   FUSCC_LARvs 
Other_log2FC   

FUSCC_LAR 
vsOther_padj  

FUSCC_TNBC 
vsNor_log2FC  

FUSCC_TNBCv 
sNor_padj   

TCGA_TNBCvsn 
onT_log2FC   

TCGA_TNBCvs 
nonT_padj   

Annotated   AC096751.2   M15   (LAR)  4.11354   3.01E-23   1.86771   0.006711   1.20978   0.000135   

Annotated   AC112243.1   M15   (LAR)  5.1722   3.89E-28   3.43207   8.12E-05   2.9216   3.99E-08   

Annotated   AL138881.1   M15   (LAR)  4.8289   4.33E-34   2.96894   1.22E-06   0.87540   0.000197   

Annotated   AL353803.2   M15   (LAR)  4.05401   7.19E-39   1.57671   0.011026   1.13226   4.03E-06   

Annotated   AL354719.2   M15   (LAR)  4.35503   3.36E-50   2.50768   5.97E-07   0.84371   0.000153   

Annotated   AL355916.2   M15   (LAR)  4.85988   3.15E-25   2.74466   0.000544   0.60841   2.61E-05   

Annotated   AL356804.1   M15   (LAR)  5.08723   7.08E-40   2.35281   0.000408   0.760616   0.008963   

Annotated   AP000688.1   M15   (LAR)  3.90924   2.01E-53   1.93102   2.24E-06   0.83853   2.32E-22   

Annotated   BCRP3   M15   (LAR)  3.48897   2.57E-61   1.92468   7.71E-07   0.297582   0.019586   

Annotated   LINC00624   M15   (LAR)  5.57183   1.21E-29   4.80985   2.13E-12   1.34036   4.80E-44   
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Annotated   LINC01213   M15   (LAR)  3.24421   1.11E-32   2.26868   1.55E-06   0.502478   0.001892   

Annotated   LINC01395   M15   (LAR)  4.627   3.89E-54   2.55204   5.23E-08   1.54568   1.14E-11   

Annotated   SERHL   M15   (LAR)  5.0369   2.35E-60   2.53677   8.54E-08   0.26308   0.0001319   

Novel   MSTRG.134576  M15   (LAR)  6.5190   9.18E-36   2.1012   0.003763   NA   NA   

Novel   MSTRG.147129  M15   (LAR)  3.00198   2.22E-36   1.81308   3.07E-07   NA   NA   

Novel   MSTRG.151531  M15   (LAR)  6.26632   3.15E-31   2.1783   0.011647   NA   NA   

Novel   MSTRG.151876  M15   (LAR)  4.61020   5.69E-17   3.0178   0.00318   NA   NA   

Novel   MSTRG.164552  M15   (LAR)  4.96758   5.51E-35   3.05017   3.54E-08   NA   NA   

Novel   MSTRG.164590  M15   (LAR)  6.1196   1.73E-47   4.65654   3.79E-14   NA   NA   

Novel   MSTRG.168187  M15   (LAR)  4.06378   1.37E-19   3.10725   1.21E-07   NA   NA   

Novel   MSTRG.168188  M15   (LAR)  3.54981   3.63E-11   2.25059   0.011247   NA   NA   

Novel   MSTRG.173491  M15   (LAR)  3.78888   1.81E-18   1.6941   0.01719   NA   NA   

Novel   MSTRG.18065   M15   (LAR)  4.497092   1.54E-16   4.18623   1.48E-06   NA   NA   

Novel   MSTRG.199816  M15   (LAR)  4.05619   1.96E-43   2.70232   6.34E-11   NA   NA   

Novel   MSTRG.220493  M15   (LAR)  4.72934   2.06E-21   2.14181   0.002780   NA   NA   

Novel   MSTRG.37951   M15   (LAR)  4.02430   6.76E-25   2.69451   3.42E-06   NA   NA   

Novel   MSTRG.46876   M15   (LAR)  5.59951   1.23E-44   4.95237   2.56E-19   NA   NA   

Novel   MSTRG.51267   M15   (LAR)  4.99786   2.21E-20   3.32044   1.77E-06   NA   NA   

Novel   MSTRG.59089   M15   (LAR)  3.7384   5.61E-33   2.05059   0.000133   NA   NA   

Novel   MSTRG.68051   M15   (LAR)  4.98243   1.53E-16   2.64519   0.014355   NA   NA   

Novel   MSTRG.91115   M15   (LAR)  5.10277   1.00E-63   2.15576   3.78E-06   NA   NA   

Novel   MSTRG.9506   M15   (LAR)  2.96637   4.83E-13   2.68869   2.89E-08   NA   NA   



  

  

  

Module  M2 ,  associated  with  the  IM  subtype  (r  =  0.61,  p-value  <  0.001;  PC  =  1063,  AL  =                    

213,  NL  =  53),  was  enriched  with  immune-response  genes  involved  in  B-cell  receptor,               

T-cell  mediated  pathway,  JAK-STAT  signaling  pathway,  antigen  processing  and           

presentation   (Figure  4.6B,  Appendix  Table  1)  .  A  total  of  130  annotated  and  43  novel                 

lncRNAs  in  Module  M2  were  also  upregulated  in  all  respective  differential  analysis              

comparisons    (Figure   4.7,   Appendix   Table   2) .   

  

These  co-expression  relationships  provide  functional  evidence  demonstrating  that  the           

identified  modules  were  enriched  for  biological  processes  and  pathways  from  Gene             

Ontology  (GO),  KEGG  and  REACTOME.  Among  the  identified  modules,  6  modules             

include  a  higher  number  of  lncRNAs,  both  annotated  and  novel  lncRNAs,  suggesting              

that  these  lncRNAs  might  play  an  important  role  in  regulating  the  processes  that  support                

the   TNBC   subtypes.   
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4.4   The   Identification   of   immune   lncRNAs   in   TNBCs   

A  three  step  process  was  applied  to  identify  immune  lncRNAs.  1)  lncRNAs  association               

with  immune  pathways  2)  lncRNAs  correlation  with  immune  cells  infiltration  3)  lncRNAs              

correlation   with   tumor   purity    (Figure   4.8) .     

  

  

Figure  4.8:  Identification  of      

Immune  lncRNAs  in  TNBCs.      

Flowchart  showing  3  steps      

to   identify   Immune   lncRNAs.     

  

  

As  a  first  step  to  identify  lncRNAs  that  associate  immune  pathways,  we  applied  a                

computational  approach   ImmLnc 4 ,  where  we  used  protein  coding  (PC),  annotated            

lncRNAs  and  novel  lncRNAs  expression  data  of  317  FUSCC  TNBCs  with  tumor  purity               

as  a  covariable,  focussing  on  widely  used  16  Immune  pathways  from   ImmPort 204 .  We               

identified  2,201  lncRNAs  (1,782  annotated  lncRNAs  and  419  novel  lncRNAs)  that  were              

positively  associated  with  16  immune  pathways  based  on  lncRES  score  >  0.995  and               

p-adjusted  value  (FDR)  <  0.05.  Similarly,  1,577  lncRNAs  (1,276  annotated  lncRNAs  and              

301  novel  lncRNAs)  were  negatively  associated  with  16  immune  pathways  based  on              

lncRES  score  <  -0.995  and  p-adjusted  value  (FDR)  <  0.05   (Figure  4.9) .  Majority  of                

lncRNAs  were  associated  with  immune  pathway  antigen  Processing  and  Presentation,            
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followed  by  TCR  signaling  pathway,  Cytokine  Receptors,  Cytokines  and  BCR  signaling             

pathway.  Immune  pathways  such  as  Antigen  Processing  and  Presentation 205 ,           

Cytokines 206  and  TCR  signaling 207  were  used  as  potential  targets  for  Immunotherapy  in              

treating   cancer    (Figure   4.9) .   

  

  

  

  

Figure  4.9:  Bar  plot  showing       

the  number  of  lncRNAs      

identified  with  immune     

pathways   regulation.     

  

  

  

It  has  been  reported  that  the  immune  reaction  by  immune  cell  infiltration  is  potentially                

important  in  the  tumor  microenvironment  (TME) 208 .  As  we  observed  that  lncRNAs  are              

associated  with  immune  pathways,  one  could  hypothesize  that  these  lncRNAs  may  also              

correlate  with  immune  cell  infiltration  in  tumors.  To  evaluate  the  correlation  between              

lncRNAs  and  Immune  cells,  we  first  estimated  the  immune  infiltration  levels  from  the               

Tumor  Immune  Estimation  Resource  (TIMER  2.0) 163  database  using  the  gene            

expression  data  of  FUSCC  TNBCs.  Spearman’s  rank  correlation  was  then  computed             

between  the  lncRNA  expression  data  and  immune  cells  infiltration  levels.  We  identified              
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1,006  lncRNAs  (804  annotated  and  202  novel  lncRNAs)  that  showed  significant  positive              

correlation  with  any  of  the  immune  cell  infiltrates  (285  lncRNAs  for  B-cells,  777  lncRNAs                

for  CD4+  T-cells,  198  lncRNAs  for  CD8+  T-cells,  296  lncRNAs  for  Neutrophils,  418               

lncRNAs  for  Myeloid  dendritic  cells  and  97  lncRNAs  for  Macrophages)  based  on  r  >  0.4                 

and  p-adjusted  value  <  0.05,  but  didn’t  find  any  lncRNAs  negative  correlation  with               

immune   cells    (Figure   4.10) .   

Figure   4.10:    Heatmap   showing   the   correlation   between   immune   cells   and   lncRNAs.   

  

From  the  previous  studies  it  was  seen  that  protein  coding  genes  that  were  negatively                

correlated  with  tumor  purity,  were  also  positively  correlated  with  immune  cells 209 .  We              

observed  a  negatively  skewed  distribution  between  lncRNAs  and  tumor  purity            

suggesting  expression  of  lncRNAs  were  inversely  correlated  with  tumor  purity   (Figure             

4.11) .  A  total  of  872  lncRNAs  (699  annotated  lncRNAs  and  173  novel  lncRNAs)  which                

were  negatively  correlated  with  tumor  purity,  were  also  positively  correlated  with             

immune   cells.   
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Figure  4.11:  Distribution  of  correlation  coefficients        

between   tumor   purity   and   lncRNAs   expression.   

  

  

  

  

  

It  has  been  reported  that  protein-coding  genes  associating  immune  pathways,  are  likely              

to  be  positively  correlated  with  immune  cell  infiltration  and  are  inversely  correlated  with               

tumor  purity  are  immunology  related  genes  and  can  be  used  for  precision  medicine               

development 209 - 210 .  Similarly,  lncRNAs  have  been  found  as  regulators  of  immune            

pathways  and  might  be  used  as  a  valuable  resource  to  advance  identification  of               

immunotherapy  targets 4 .  To  identify  immunology  related  lncRNAs  in  TNBCs  we            

overlapped  results  from  all  the  three  steps  (lncRNAs  -  immune  pathways,  lncRNAs  -               

immune  cells  and  lncRNAs  -  tumor  purity)  and  found  602  immune  lncRNAs  which               

needed   a   further   study    (Figure   4.12,   Appendix   Table   3) .   

  

Figure  4.12:  Upset  plot      

showing  the  total  number  of       

immune  lncRNAs  identified     

from   all   the   three   steps.   
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Same  procedure  was  also  performed  on  the  TCGA  cohort  TNBCs  ( n=178 )  and              

identified   382   immune   lncRNAs    (Figure   4.13) .     

  

Figure  4.13:  Immune  lncRNAs  identification  in  TCGA  TNBCs  A)  Bar  plot  showing  the               

number  of  lncRNAs  identified  with  immune  pathways  association.  B)  Heatmap  showing             

the  correlation  between  immune  cells  and  lncRNAs.  C)  Distribution  of  correlation             

coefficients  between  tumor  purity  and  lncRNAs  expression.  D)  Upset  plot  showing  the              

total   number   of   immune   lncRNAs   identified   from   all   the   three   steps   in   TCGA   TNBCs.   
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A  significant  overlap  between  the  identified  immune  lncRNAs  ( n=479  [FUSCC]  and  n=382              

[TCGA] )  from  both  the  cohorts,  showed  that  TCGA  analysis  supports  the  validity  of               

FUSCC   analysis   ( p-value   <   0.001,   odds   ratio   =   5.6 )    (Figure   4.14)   

  

  

Figure  4.14:   Venn  diagram  with       

only  annotated  immune  lncRNAs      

overlap  between  FUSCC  and      

TCGA   cohorts.   

  

To  evaluate  how  the  identified  immune  lncRNAs  ( n=602 )  enrich  in  the  subtypes  of               

TNBCs  of  FUSCC  cohort,  single  sample  gene  set  enrichment  analysis  (ssGSEA)  was              

applied  using  their  expression  to  calculate  immune  lncRNA  score.  We  observed  that  the               

IM  subtype  had  higher  immune  lncRNA  score  compared  to  other  subtypes  of  TNBCs,               

followed  by  MSL,  BL2,  LAR,  BL1  and  M  ( p-value  <  0.001  for  all  comparisons)   (Figure                

4.15A) .  Among  602  immune  lncRNAs,  479  (80%)  were  annotated  lncRNAs  and  123              

(20%)  were  novel  lncRNAs.  Among  annotated  immune  lncRNAs,  the  most  frequent             

were  antisense  (35.4%)  followed  by  intergenic  (33.5%).  The  remainder  was  split             

between  sense  overlapping  (3.9%),  sense  intronic  (13.7%),  processed  transcript  (3.9%),            

3prime  overlapping  ncRNA  (0.2%).  Among  novel  lncRNAs  the  majority  of  them  were              

intergenic  (55.7%)  followed  by  antisense  intronic  (29.5%)  and  antisense  exonic  (14.8%)             

(Figure   4.15B) .     
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Figure  4.15:   A)  Immune  lncRNA  ssGSEA  score  between  the  TNBC  subtypes.  B)  Pie               

chart   showing   the   gene   types   of   novel   and   annotated   Immune   lncRNAs.   

  

To  understand  the  role  of  immune  lncRNAs,  we  looked  into  antisense  and  sense               

lncRNAs  that  overlap  corresponding  protein  coding  genes  and  might  regulate  their            

exprression.  Spearman  correlation  was  applied  between  expression  of  antisense  and            

sense  lncRNAs  and  the  corresponding  protein  coding  genes  it  overlaps.  We  found  the               

lncRNAs  (both  annotated  and  novel)  are  positively  correlated  with  their  corresponding             

coding  genes  with  an  r  >  0.5  and  p-value  <  0.05   (Figure  4.16A-B) ,  but  didn’t  find  any                   

negative  correlation.  lncRNAs  highlighted  in  red  color  were  also  found  strongly             

correlated  with  their  corresponding  protein  coding  genes  in  the  TCGA  cohort   (Figure              

4.16A) .     
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Protein-coding  genes  which  were  strongly  correlated  with  the  above  mentioned            

antisense  and  sense  lncRNAs  were  enriched  with  the  immune  pathways  like  T-cell              

activation,   B-cell   receptor,   chemokine   signaling   pathways    (Figure   4.16C) .     

Figure  4.16:  A)  Bar  plot  with  antisense  and  sense  annotated  immune  lncRNAs  showing               

positive  correlation  with  their  corresponding  protein-coding  gene  it  overlaps  (Immune            

lncRNA  ~  Protein-coding  gene).  x-axis  represent  correlation  coefficients  and  those            

highlighted  in  red  color  on  y-axis  also  showed  strong  positive  correlation  with  their               

corresponding  protein  coding  genes  in  the  TCGA  cohort.  B)  Bar  plot  with  antisense               

novel  immune  lncRNAs  showing  positive  correlation  with  their  corresponding           

protein-coding  gene  it  overlaps.  C)  Pathway  enrichment  analysis  performed  on  the             
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protein-coding  genes  that  were  strongly  correlated  with  antisense/sense  immune           

lncRNAs.  Size  and  color  of  dots  represent  the  number  of  genes  involved  in  the  specific                 

pathway   and   the   statistical   significance   (adjusted   p-value),   respectively.   

  

For  example:   CD48  is  an  immune  cell  activation  marker  involved  in  a  wide  variety  of                 

immune  responses 211  and  showed  strong  correlation  with   AL121985.1  (Antisense  RNA            

located  on  chromosome  1)  expression.   CORO1A  disruption  in  T-cells  promotes  allograft             

tolerance 212  and  is  strongly  correlated  with   AC012645.3   (Antisense  RNA  located  on             

chromosome  16)  expression.   FLI-1  is  reported  to  play  an  important  role  in  immunity  and               

autoimmune  diseases 213  and  is  correlated  with  lncRNA   SENCR   ( FLI-1  AS1 )  (Antisense             

RNA  located  on  chromosome  1)  that  regulates  smooth  muscle  cell  and  endothelial  cell               

(EC)   phenotypes 214 .   

4.5   Identification   of   Immune   clusters   
  

It  has  been  suggested  that  cancer  subtyping  based  on  immune  profiles  may  inform               

which  patients  might  respond  to  immunotherapy  and  which  may  not 210 , 215 .  High  immune              

evasion,  low  lymphocyte  infiltration  and  low  CD8+  might  be  related  to  Immune-low              

cluster,  whereas  higher  CD8+  and  higher  expression  of  immune  checkpoint  inhibitors             

PD-1,  CTLA-4  might  be  related  to  Immune-high  cluster  and  might  respond  to              

immunotherapy 210 .  Based  on  this  hypothesis,  we  classified  TNBCs  into  two  clusters             

Immune-High  (IH)  and  Immune-Low  (IL)  clusters  based  on  the  median  of  immune              

lncRNA  score  (ssGSEA  score)   (FIgure  4.17A) .  Among  the  TNBC  subtypes  IM  and  MSL               

were  significantly  associated  with  the  IH  group  (both  p-value  <  0.001,  odds  ratio  >  1 ,                 

  
  

76   

https://paperpile.com/c/Z5JshD/QDc7v
https://paperpile.com/c/Z5JshD/WPShh
https://paperpile.com/c/Z5JshD/Uw0oE
https://paperpile.com/c/Z5JshD/SxuG
https://paperpile.com/c/Z5JshD/NctAx
https://paperpile.com/c/Z5JshD/kdBh8
https://paperpile.com/c/Z5JshD/NctAx


  

(FIgure  4.17A) .  On  the  other  hand,  subtypes  M  (p-value  <  0.001,  odds  ratio  <  1),  BL1                  

(p-value  <  0.001,  odds  ratio  <  1)  and  LAR  (p-value  <  0.004,  odds  ratio  <  1)  were                   

significantly  associated  with  the  IL  group   (FIgure  4.17A) .  We  observed  that  IH  patients               

had  a  higher  distribution  of  cytolytic  activity  (CYT),  major  histocompatibility  (MHC)  and              

immune  scores  compared  to  IL  patients   (FIgure  4.17B) .  Tumor  inflammation  signature             

(TIS)  measure  has  been  shown  to  be  enriched  for  patients  who  might  respond  to                

anti-PD1   agent   pembrolizumab 168 .     

Figure  4.17:  Classification  of  TNBCs  into  immune  clusters  A)  Association  of  TNBC              

subtypes  with  the  identified  Immune  clusters.  B,  C  and  D)  Distribution  of  immunogenic               

scores  between  immune  clusters.  E)  TIMER  immune  cells  abundance  between  the             

identified  immune  clusters.  F)  Average  stromal  and  intratumoral  tumor-infiltrating           

lymphocyte  (TIL)  score  between  Immune-High  and  Immune-Low  clusters.  G)  Immune            
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checkpoint  inhibitors  PDL1,  CTLA4,  LAG3,  PD1,  PDL2  and  TIGIT  expression  between             

the  immune  clusters.  H)  Consensus  TME  (Tumor  Micro  Environment)  immune  cells             

abundance   between   the   identified   immune   clusters.   

  

We  observed  the  TIS  score  is  higher  in  the  IH  cluster  when  compared  to  the  IL  cluster                   

(FIgure  4.17C) .  Similarly,  immunophenoscore  (IPS)  was  regarded  as  a  predictor  of             

response  to  anti-CTLA-4  and  anti-PD1  antibodies 166 .  IPS  is  higher  in  IH  tumors              

compared  to  IL  tumors   (FIgure  4.17D) .  We  also  found  higher  levels  of  immune  cell                

infiltration  (B-cells,  CD4  T-cells,  CD8  T-cells,  Neutrophils,  Macrophages,  Dendritic  cells)            

in  IH  than  IL  clusters  (p  <  0.001)   (FIgure  4.17E) .  Higher  CD8  T-cell  infiltration  might                 

suggest  that  IH  cluster  patients  respond  to  therapy 216 .  Tumor  infiltrating  lymphocytes             

(TILs)  have  been  demonstrated  as  a  biomarker  for  response  to  immune  checkpoint              

blockade 217 .  H&E  staining  of  FUSCC  TNBCs  predicted  higher  stromal  and  intra-tumoral             

TILs  score  in  IH  than  IL  clusters   (FIgure  4.17F) .  Higher  expression  of  several  immune                

checkpoints  such  as   PD1,  CTLA4,  PDL1,  LAG3  and  TIGIT  were  observed  in  IH,               

compared  to  IL  tumors   (FIgure  4.17G) .  Immune  cell  abundance  from  Consensus  TME              

was  observed  higher  in  the  IH  cluster  compared  to  the  IL  cluster   (FIgure  4.17H) .  All  the                  

above   results   suggest   that   Immune-High   patients   might   be   immunotherapy   responders.   

4.6   Signature   lncRNAs   related   to   Immune-High   

Dysregulated  immune  lncRNAs  among  the  immune  clusters  in  training  dataset  were             

used  to  identify  biomarkers  related  to  Immune-High  cluster  with  the  wrapper  algorithm              

biosigner  around  three  classifiers  ( PLS-DA,  Random  Forest  and  SVM )  which  iterates             
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through  selection  steps  that  include  resampling,  feature  ranking  according  to  their             

importance  in  the  model  and  the  identification  of  significant  lncRNAs,  building  the  final               

model    (Figure   4.18A) .     

Figure  4.18:  A)  Computational  workflow  to  identify  signature  immune  lncRNAs.  B)            

Identified  signature  immune  lncRNAs  related  to  Immune-High  cluster  from  the  machine             

learning  approaches.  C)  Confusion  matrix  plot  showing  the  sensitivity,  specificity  and             

accuracy   for   the   three   machine   learning   approaches.     
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It  returned  10  significant  signature  lncRNAs  and  the  trained  model  for  each  of  the                

classifiers.  Among  them  annotated  lncRNA   LINC01215  ( “S”  tier  -  final  signature  with  all               

three  machine  learning  approaches)  and  novel  lncRNA   MSTRG_243701  ( “S”  tier  -  final              

signature  with  PLS-DA  and  SVM  approaches,  whereas   “A”  tier  with  RF  but  still  can  be                 

used  for  future  prediction)  which  passed  through  all  selection  steps  were  regarded  as               

the  most  important  signature  lncRNAs  related  to  the  Immune-High  cluster.  The  other  8               

lncRNAs  ( LINC01934,  LINC00861,  CEP250-AS1,  MSTRG_190999,  AL160400.1,        

LINC02422,  AL096816.1,  LINC02397 )  were  detected  as   “S”  signature  lncRNAs  only  in             

a  specific  single  machine  learning  approach   (Figure  4.18B) .  Finally,  computed  the             

performances  on  testing  dataset  and  observed  good  prediction  values  with  all  three              

machine  learning  approaches  ( PLS-DA :  sensitivity=0.79,  specificity=0.82  and         

AUC=0.80;   RF :  sensitivity=0.84,  specificity=0.80  and  AUC=0.81;   SVM :  sensitivity=0.80,          

specificity=0.80  and  AUC=0.80)   (Figure  4.18C) .  These  results  show  a  good            

performance  model  for  categorizing  the  TNBCs  into  Immune-High  and  Immune-Low            

clusters  and  also  identified  the  most  important  significant  signature  lncRNAs  belonging             

to  Immune-High  cluster.  All  identified  10  signature  lncRNAs  were  upregulated  in             

Immune-High   compared   to   Immune-Low    (Table   4.7) .   
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Table   4.7:   Identified   10   signature   lncRNAs   related   to   Immune-High   with   ML   approaches   were   
upregulated   in   Immune-High   when   compared   with   Immune-low   

gene   name   log2FC   padj   chr   start   end   gene   type   lncRNA   type   

LINC01215   1.809304295   5.48E-15   chr3   108125821   108138610   lincRNA   Annotated   lncRNA   

MSTRG.243701   1.494521438   9.50E-16   chrX   79368888   79372643   antisense_exonic   Novel   lncRNA   

LINC01934   1.156149482   4.22E-10   chr2   181101932   181399559   lincRNA   Annotated   lncRNA   

LINC00861   1.497092708   4.69E-12   chr8   125922308   125951249   lincRNA   Annotated   lncRNA   

FO393401.1   1.031703841   2.13E-07   chr20   35476203   35490982   antisense_RNA   Annotated   lncRNA   

MSTRG.190999   0.8868440975   0.0006   chr6   25350576   25450627   antisense_exonic   Novel   lncRNA   

AL160400.1   1.219057445   1.69E-10   chr6   25014952   25042170   lincRNA   Annotated   lncRNA   

LINC02422   1.965432687   5.13E-16   chr12   31877079   31887203   lincRNA   Annotated   lncRNA   

AL096816.1   1.553965182   3.41E-13   chr6   107697299   107700218   TEC   Annotated   lncRNA   

LINC02397   1.362967126   6.71E-05   chr12   92466451   92492091   lincRNA   Annotated   lncRNA   



  

5   Discussion   

Many  long  non-coding  RNAs  have  been  suggested  to  play  a  role  in  Triple  Negative                

Breast  Cancers  (TNBCs),  but  their  association  with  the  subtypes  of  TNBCs  has  been               

very  limited.  Similarly,  research  on  immune  lncRNAs  in  TNBCs  has  not  been  well               

studied  previously.  So,  here  in  this  study  we  applied   in-silico  approaches  to  understand               

the   lncRNAs   role   in   the   subtypes   of   TNBCs   and   their   immune   regulation   in   TNBCs.   

  

To  detect  novel  lncRNAs  in  TNBCs,  we  analyzed  the  transcriptomic  data  of  317  TNBC                

tumors  and  44  normal  samples.  With  some  strict  filtering  steps  and  by  applying               

bioinformatic  tools   CPC2,  RNAFold  and  Infernal  we  identified  5,716  novel  lncRNAs.             

Among  these  86.7%  were  intergenic  lncRNAs  that  do  not  overlap  any  of  the               

protein-coding  genes,  followed  by  antisense  intronic  and  antisense  exonic  lncRNAs.            

Compared  with  annotated  lncRNAs  and  protein-coding  genes,  novel  lncRNA  transcripts            

had  fewer  exons,  shorter  in  length  and  expressed  at  low  levels.  These  observations  are                

not  unexpected  given  that  intergenic  regions  are  less  well  described  and  novel  lncRNAs               

likely  have  features  that  make  them  more  difficult  to  detect  than  previously  annotated               

lncRNAs.   

  

We  identified  subtype-specific  lncRNAs,  among  which  some  of  them  have  been  studied              

about  their  role  in  different  cancer  types.  So,  to  identify  their  functional  role  in  the  TNBC                  

subtypes  with   in-silico  approaches,  initially  co-expression  network  analysis  was           

performed  with  protein-coding  genes,  annotated  lncRNAs  and  novel  lncRNAs  with            

WGCNA 159 .  This  revealed  20  modules,  among  which  we  identified  6  modules  with              
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higher  number  of  lncRNAs  co-expressed  with  protein-coding  genes  and  having  a             

significant  positive  correlation  between  modules  and  subtypes  (M1  ~  BL1,  M3  ~  BL2,               

M2  ~  IM,  M15  ~  LAR,  M16  ~  M,  M9  ~  MSL).  Apart  from  these  6  modules,  Module  M6                     

also  has  many  lncRNAs  (annotated   n=54 ,  novel   n=1 )  co-expressed  with  coding  genes,              

but  there  is  no  correlation  between  this  module  and  any  of  the  subtypes.  We  found                 

lncRNAs  in  the  subtype-specific  modules  that  regulate  cell  cycle,  DNA  replication,             

immune  pathways,  focal  adhesion  and  metabolic  processes.  For  example:   FOXP4-AS1            

is  a  lncRNA  upregulated  in  all  the  three  comparisons  (BL1  vs  other  subtypes,  TNBCs  vs                 

normals  and  TNBCs  vs  non-TNBCs)  and  based  on  the  co-expression  network  it  might               

be  related  to  DNA  replication  and  G2/M  transition.  It  has  been  reported  that               

FOXP4-AS1  promotes  cell  proliferation,  migration  and  plays  an  important  role  in             

colorectal  cancer  progression 186 ,  is  involved  in  cervical  cancer  progression  via            

regulating  miR-136-5p/CBX4  Axis 218 .  Another  lncRNA   DDX11-AS1,   which  is  also           

upregulated  in  the  BL1  subtype  and  in  TNBCs  when  compared  to  normals  and               

non-TNBCs,  has  been  studied  as  a  novel  oncogene  in  various  cancer  types 219 .              

LINC00944,   upregulated  in  IM  subtype,  has  been  reported  as  a  prognostic  biomarker  in               

breast  cancer 220  and  is  involved  in  the  process  of  liver  metastasis  in  colorectal  cancer 221 .                

MIR155HG ,  which  is  also  upregulated  in  the  IM  subtype,  has  been  regarded  as  a                

prognostic  biomarker  and  associated  with  immune  infiltration  in  different  cancer  types 203 .             

Similarly,  other  lncRNAs  which  play  an  important  role  in  the  respective  subtypes,  have               

been  studied  as  biomarkers  in  multiple  cancers.  LncRNAs  have  been  identified  as              

regulators  of  gene  expression  in  the  immune  system  and  have  been  shown  to  play  a                 

prominent  role  in  cancer  progression.  Immune  lncRNAs  have  been  studied  in  different              
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cancers.  Some  immune  lncRNAs  have  been  studied  in  TNBCs  so  far 5 , 6 ,  but  there  are                

more  to  be  investigated.  To  identify  immune  lncRNAs  in  TNBCs,  we  applied   ImmLnc 4               

and  detected  602  immune  lncRNAs  (479  were  annotated  and  123  were  novel  lncRNAs)               

associated  with  immune  pathways,  positively  correlated  with  immune  cells  and            

negatively  correlated  with  tumor  purity.  We  further  looked  at  the  immune  lncRNAs  which               

were  antisense  and  sense,  as  they  overlap  protein-coding  genes  and  might  regulate              

their  expression.  lncRNAs  that  are  positively  correlated  with  their  corresponding  coding             

genes  were  seen  regulating  T-cell  activation,  B-cell  receptor  immune  pathways.  We             

observed  175  immune  lncRNAs  (138  annotated  and  37  novel  lncRNAs)  were  highly              

expressed  in  TNBCs  when  compared  with  normals  based  on  log2FC  >  1  and  FDR  <                 

0.05.  Some  of  the  identified  immune  lncRNAs  have  been  reported  in  previous  studies.               

For  instance:   H19  lncRNA  has  been  reported  about  its  role  in  promoting  macrophage               

activation  and  hepatic  inflammation  in  cholestatic  liver  disease 222 .     RRN3P2  is  one  of  the               

lncRNAs  in  an  immune  lncRNA  signature  identified  to  predict  the  prognosis  of  bladder               

cancer 223 .   MIR155HG  lncRNA  overexpression  in  chronic  obstructive  pulmonary  disease           

patients  led  to  regulation  of  M1/M2  polarization 224 .  Immune  lncRNA   MEG3  acts  as  a               

competing  endogenous  RNA  sponges   miRNA-17  to  regulate   Treg/Th17  levels  in            

asthma  patients 139 .  There  has  been  a  study  on  immune  lncRNAs   HCP5  and   MIAT  which                

acts  as  a  ceRNA  and  sponges  miRNA   miR-150-5p  which  activates  the  expression  of               

PDL-1 225 .   

  

We  further  classified  TNBCs  into  two  immune  clusters  Immune-High  and  Immune-Low,             

based  on  the  median  of  immune  lncRNA  score  calculated  by  applying   ssGSEA .  We               

  
  

84   

https://paperpile.com/c/Z5JshD/l4AD
https://paperpile.com/c/Z5JshD/s64Z
https://paperpile.com/c/Z5JshD/nOq2Y
https://paperpile.com/c/Z5JshD/h8R5
https://paperpile.com/c/Z5JshD/9zj6
https://paperpile.com/c/Z5JshD/fqAP
https://paperpile.com/c/Z5JshD/rU6V
https://paperpile.com/c/Z5JshD/i5Mr


  

observed  higher  immune  cell  infiltration,  immune  scores,  TILs  score  and  expression  of              

immune  checkpoint  inhibitors  in  Immune-High  cluster  compared  to  Immune-Low  cluster,            

which  inform  about  patients  in  Immune-High  cluster  might  respond  to  immunotherapy.             

As  a  final  aim  of  our  study,  machine  learning  approaches  were  applied  and  identified  10                 

signature  lncRNAs  that  are  related  to  Immune-High  clusters.  Among  these,  2  lncRNAs              

( LINC01215  and  MSTRG_243701 )  were  regarded  as  the  most  important  signature            

lncRNAs  related  to  immune-high  cluster,  from  all  the  three  machine  learning             

approaches.   LINC01215   has  been  reported  among  the  seven-lncRNA  prognostic           

signatures  which  might  predict  prognosis  in  breast  cancer  and  is  associated  with              

immune  cells  and  tumor  mutation  burden 226 .  The  other  8  lncRNAs  were  regarded  as               

signatures  in  any  of  the  machine  learning  approaches.  In  these   LINC01934   has  been               

identified  as  cancer  related  lncRNA,  regulating  immune  pathways  in  multiple  cancer             

types 4 .   LINC00861   was  significantly  associated  with  immune  checkpoints   PD-1 ,   CTLA4            

and  found  as  a  potential  target  for  immunotherapy  to  treat  prostate  cancer 227 .  lncRNAs               

LINC02422   and  LINC02397   were  specific  to  the  immune  subtype  (samples  which  are              

identified  for  the  pathway  targetable  by  combinatorial  immunotherapy)  when  compared            

to  Basal  and  CIN  (chromosomal  instability)  subtypes  identified  in  HPV  neg  HNSCCs              

(head   and   neck   squamous   cell   carcinomas) 228 .   

There  are  few  limitations  in  this  study.  First,  due  to  the  lack  of  external  total  RNA-seq                  

datasets  of  TNBCs,  subtype-specific  lncRNAs  were  validated  only  in  the  TCGA  dataset              

which  was  generated  by  mRNA-seq,  which  would  not  have  detected  many  intergenic              

lncRNAs.  Second,  our  study  used   in-silico  methods  to  identify  lncRNAs  associated  with              

specific  subtypes  but  lacks  experimental  validation  of  lncRNA  function  in  the  subtypes              
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of  TNBCs.  Third,  we  have  used  only  RNA-sequencing  to  understand  the  lncRNAs  in               

TNBCs.  The  study  could  be  extended  by  looking  at  subtype-specific  lncRNA  association              

with  alterations  in  copy  number  alterations  and  DNA  methylation  by  integrating             

multi-omics   analysis.     

In  summary,  we  detected  novel  lncRNAs  and  provided  lncRNA  association  with  the              

subtypes  of  TNBCs  through  co-expression  network  analysis.  Our  results  provide  the             

foundation  for  the  functions  of  these  lncRNAs  to  be  confirmed  by   in-vitro  approaches.  In                

this  study  we  also  identified  lncRNA  associated  with  immune  pathways,  immune  cells              

and  tumor  purity  which  suggest  that  these  lncRNAs  may  play  a  role  in  regulating  the                 

immune  environment  of  TNBCs.  The  subtype-specific  lncRNAs  and  signature  immune            

lncRNAs  identified  in  this  study  provide  valuable  insights  into  lncRNA  functions  in              

TNBCs.   

  

  

  

  

  

  

  

  
  

86   



  

6   Conclusions   

Although  lncRNAs  have  been  investigated  in  multiple  cancers,  including  triple  negative             

breast  cancers,  their  discovery  and  characterization  remain  challenging  and  many  have             

likely  not  been  discovered  due  to  their  molecular  features,  such  as  their  low  expression.                

Indeed,  the  identification  and  characterization  of  novel  lncRNAs,  especially  the  role  of              

lncRNAs  in  subtypes  of  TNBCs  remain  in  the  early  stage.  The  molecular  heterogeneity               

between  TNBC  subtypes  on  the  mRNA  level  is  likely  associated  with  a  similar  degree  of                 

heterogeneity  in  terms  of  lncRNAs.  Our   in-silico  analysis  provides  a  glimpse  into  the               

subtype-specific   pathways   in   which   lncRNAs   may   play   a   role.   

  

Given  the  recent  development  of  immunotherapy  in  TNBCs,  it  is  important  that  we  gain                

a  better  understanding  of  the  molecular  mechanisms  that  regulate  the  immune             

environment  of  TNBCs.  Currently,  little  is  known  about  how  lncRNAs  regulate  immune              

response.  Our  study  identified  a  few  lncRNAs  that  show  particularly  strong  association              

with  a  variety  of  immune  features.  Future  functional  experiments  would  be  required  to               

determine  if  these  lncRNAs  would  indeed  regulate  the  tumor  immune  environment  in              

TNBCs.   

  

In  conclusion,  our  findings  in  this  study  revealed  the  presence  of  many  novel  lncRNAs                

not  previously  known,  and  identified  lncRNAs  associated  with  TNBC  subtypes  and  the              

tumor   immune   environment.   
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Table   1:   Selected   modules   and   their   associated   pathways   from   the   co-expression   network   analysis   
ID   Description  Count  p.value  p.adj   qvalue  Protein   coding   genes   Subtypes  Modules  

GO   
DNA   

replication   
75   1.34E-68  3.04E-65  2.44E-65  

ALYREF/ATAD5/BARD1/BLM/BRCA2/BRIP1/CCNA2/CCNE1/CC 
NE2/CDC45/CDC6/CDC7/CDK1/CDK2/CDK2AP1/CDT1/CHAF1 
A/CHAF1B/CHEK1/CHEK2/CLSPN/DBF4/DDX11/DNA2/DONSO 
N/DTL/E2F7/E2F8/EME1/ESCO2/EXO1/FBXO5/FEN1/GINS1/GI 
NS2/GINS3/GINS4/GMNN/HMGA1/MCM10/MCM2/MCM3/MCM4 
/MCM5/MCM6/MCM7/MCM8/MSH6/NASP/ORC1/ORC6/PCLAF/ 
PCNA/PIF1/POLA1/POLA2/POLE2/POLQ/PRIM2/RAD51/RFC2/ 
RFC4/RFC5/RMI1/RMI2/RNASEH2A/RRM1/RRM2/SLBP/SSRP1 
/TICRR/TIMELESS/TIPIN/TOPBP1/WDHD1   

BL1   M1   

GO   
cell   cycle   

checkpoint   
45   4.10E-35  7.16E-33  5.76E-33  

AURKA/AURKB/BLM/BRIP1/BUB1/BUB1B/CCNB1/CDC20/CDC 
25C/CDC45/CDC6/CDK1/CDK2/CDT1/CENPF/CHEK1/CHEK2/C 
LSPN/DCLRE1B/DNA2/DONSON/DTL/E2F1/E2F7/E2F8/EME1/ 
GTSE1/KNTC1/MAD2L1/MSH2/NDC80/ORC1/PCNA/PLK1/SPD 
L1/TICRR/TIMELESS/TIPIN/TOP2A/TOPBP1/TRIP13/TTK/WDR 

76/ZWILCH/ZWINT   

BL1   M1   

GO   
double-strand   
break   repair   

41   7.74E-28  6.52E-26  5.24E-26  

AUNIP/BARD1/BLM/BRCA2/BRIP1/CDC45/CDC7/CDCA5/CHEK 
1/CHEK2/DCLRE1B/DDX11/DEK/DNA2/EME1/ESCO2/FANCB/F 
EN1/FOXM1/GINS2/GINS4/MCM2/MCM3/MCM4/MCM5/MCM6/ 
MCM7/MCM8/MSH2/NSD2/PARPBP/POLA1/POLQ/RAD51/RAD 

51AP1/RAD54L/RMI1/RMI2/TIMELESS/TRIP13/XRCC2   

BL1   M1   

Reactome  
G2/M   

Transition   
27   3.67E-14  4.87E-13  3.35E-13  

AURKA/BORA/CCNA2/CCNB1/CCNB2/CDC25A/CDC25C/CDK1 
/CDK2/CENPF/CENPJ/CEP152/CKAP5/FOXM1/GTSE1/HAUS8/ 
HMMR/LIN9/MYBL2/NEK2/PKMYT1/PLK1/PLK4/TPX2/TUBA1B/ 

TUBA1C/TUBB  

BL1   M1   

Kegg   Cell   cycle   53   9.85E-51  1.12E-48  8.50E-49  

BUB1/BUB1B/CCNA2/CCNB1/CCNB2/CCNE1/CCNE2/CCNE2/C 
DC20/CDC25A/CDC25C/CDC45/CDC6/CDC6/CDC7/CDK1/CDK 
2/CDK2/CDKN2D/CDKN2D/CHEK1/CHEK1/CHEK2/DBF4/E2F1/ 
E2F1/E2F5/ESPL1/MAD2L1/MCM2/MCM3/MCM4/MCM4/MCM5/ 
MCM5/MCM6/MCM7/MCM7/MCM7/ORC1/ORC1/ORC6/ORC6/P 

BL1   M1   
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CNA/PKMYT1/PKMYT1/PLK1/PTTG1/PTTG1/RBL1/SKP2/SKP2/ 
TTK   

GO   
extracellular   

matrix   
organization   

58   9.43E-51  1.43E-47  1.14E-47  

ADAM12/ADAMTS14/ADAMTS2/AEBP1/ANTXR1/BGN/BMP1/C 
OL10A1/COL11A1/COL12A1/COL18A1/COL1A1/COL1A2/COL3 
A1/COL5A1/COL5A2/COL5A3/COL6A1/COL6A2/COL6A3/COL8 
A1/COL8A2/COMP/CREB3L1/EFEMP2/EMILIN1/FAP/FBLN1/FB 
LN2/FBN1/FN1/GREM1/HSPG2/HTRA1/ITGA11/ITGA5/ITGB5/L 
OX/LOXL1/LRP1/LUM/MATN3/MFAP5/MMP11/MMP14/MMP2/M 
YH11/NID1/NID2/PDPN/PHLDB1/POSTN/SERPINE1/SPARC/SU 

LF1/THBS1/TIMP2/VCAN   

BL2   M2   

Reactome  Signaling   by   
MET   

8   7.78E-06  0.0001   9.63E-05  COL11A1/COL1A1/COL1A2/COL3A1/COL5A1/COL5A2/COL5A3 
/FN1   

BL2   M2   

GO   
regulation   of   
Wnt   signaling   

pathway   
11   0.002   0.0272   0.0217   

ADGRA2/COL1A1/CTHRC1/DACT1/DACT3/DKK3/GREM1/HIC1 
/LRP1/ROR2/SULF1   

BL2   M2   

GO   

positive   
regulation   of   

chromatin   
organization   

7   0.0008   0.042   0.0385   AKAP8/AKAP8L/BRD4/PRKD2/RNF40/SPHK2/TRIM28   MES   M3   

GO   beta-catenin   
binding   

9   6.74E-06  0.0007   0.0006   AXIN1/BCL9/BCL9L/CARM1/DVL3/KDM6B/MED12/SETD1A/SU 
FU   

MES   M3   

GO   
T   cell   

mediated   
immunity   

34   1.55E-18  7.11E-17  5.41E-17  

B2M/BTN3A2/BTN3A3/CCR2/CD1D/CD8A/CTSC/CTSH/FCGR2 
B/FOXP3/GZMM/HLA-A/HLA-E/HLA-F/IL12RB1/IL18/IL18R1/IL1 
8RAP/IL7R/LILRB1/MICB/MYO1G/NLRP3/P2RX7/PRF1/PTPRC/ 
RAB27A/RFTN1/RIPK3/RSAD2/SASH3/TBX21/TNFRSF1B/WAS  

IM   M4   
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Kegg   

Antigen   
processing   

and   
presentation   

70   9.92E-34  1.97E-32  1.50E-32  

B2M/CD4/CD4/CD74/CD8A/CD8A/CD8A/CD8B/CIITA/CIITA/CIIT 
A/CTSS/HLA-A/HLA-A/HLA-DMA/HLA-DMA/HLA-DMB/HLA-DMB 
/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/ 
HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/H 
LA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HL 
A-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA 
-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA- 
DOA/HLA-DPA1/HLA-DPA1/HLA-DPB1/HLA-DPB1/HLA-DRA/HL 
A-DRA/HLA-E/HLA-E/HLA-E/HLA-F/HLA-F/IFI30/IFI30/KLRD1/K 
LRD1/PSME1/PSME1/PSME2/PSME2/TAP1/TAP1   

IM   M4   

Kegg   
JAK-STAT   
signaling   
pathway   

38   9.07E-07  5.04E-06  3.84E-06  

CCND2/CCND3/CSF2RB/CSF2RB/CSF3R/IL10RA/IL10RB/IL12 
RB1/IL15/IL15RA/IL21R/IL2RA/IL2RB/IL2RG/IL4R/IL6R/IL6R/IL7/ 
IL7/IL7R/IRF9/JAK1/JAK1/JAK2/JAK3/JAK3/OSM/PIK3CD/PTPN 
6/SOCS1/SOCS1/STAT1/STAT2/STAT2/STAT4/STAT5A/STAT5A/ 

STAT5A   

IM   M4   

Kegg   
NF-kappa   B   

signaling   
pathway   

48   7.56E-20  7.78E-19  5.92E-19  

ATM/ATM/BIRC3/BLNK/BTK/BTK/CARD11/CARD11/CARD11/CC 
L19/CCL19/CCL4/CD14/CD40/CD40/CD40/CFLAR/CYLD/DDX5 
8/LAT/LAT/LCK/LCK/LTB/LTB/LY96/LYN/LYN/LYN/MAP3K14/MA 
P3K14/NFKBIA/PLCG2/PRKCB/PRKCQ/SYK/SYK/TLR4/TNFAIP 
3/TNFRSF13C/TNFRSF13C/TNFSF13B/TNFSF13B/TNFSF14/T 

RAF1/TRAF3/VCAM1/ZAP70   

IM   M4   

Kegg   
B   cell   receptor   

signaling   
pathway   

42   1.43E-18  1.42E-17  1.08E-17  

BLNK/BTK/BTK/CARD11/CARD11/CARD11/CD22/CD22/CD72/C 
D72/CD79A/CD79B/DAPP1/FCGR2B/IFITM1/IFITM1/INPP5D/LIL 
RB1/LILRB1/LILRB2/LILRB4/LYN/LYN/LYN/NFATC2/NFKBIA/PIK 
3AP1/PIK3AP1/PIK3CD/PLCG2/PPP3CC/PRKCB/PTPN6/RAC2/ 

RAC2/RAC2/RASGRP3/SYK/SYK/VAV1/VAV1/VAV1   

IM   M4   
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Kegg   
Th1   and   Th2   

cell   
differentiation   

75   7.40E-40  2.94E-38  2.24E-38  

CD247/CD3D/CD3D/CD3E/CD3G/CD3G/CD4/CD4/HLA-DMA/HL 
A-DMA/HLA-DMB/HLA-DMB/HLA-DOA/HLA-DOA/HLA-DOA/HLA 
-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA- 
DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-D 
OA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DO 
A/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DOA 
/HLA-DOA/HLA-DOA/HLA-DOA/HLA-DPA1/HLA-DPA1/HLA-DPB 
1/HLA-DPB1/HLA-DRA/HLA-DRA/IL12RB1/IL2RA/IL2RB/IL2RG/I 
L4R/JAK1/JAK1/JAK2/JAK3/JAK3/LAT/LAT/LCK/LCK/NFATC2/N 
FKBIA/PPP3CC/PRKCQ/RUNX3/STAT1/STAT4/STAT5A/STAT5A 

/STAT5A/TBX21/ZAP70   

IM   M4   

GO   
canonical   Wnt   

signaling   
pathway   

13   0.0033   0.0352   0.02835  
BICC1/DAB2/FOXO1/IGFBP4/IGFBP6/MITF/RBMS3/SEMA5A/S 

FRP2/SFRP4/SOX17/TMEM88/TNN   MSL   M5   

Kegg   
Calcium   
signaling   
pathway   

18   0.0001   0.0040   0.00345  
ADCY4/AVPR1A/AVPR1A/EDNRB/F2R/F2R/FGF7/FLT1/FLT1/FL 
T4/HGF/HTR2B/KDR/PDE1A/PDE1B/PDE1B/PDGFD/PDGFRA   

MSL   M5   

Kegg   
Focal   

adhesion   
23   8.31E-08  4.24E-06  3.61E-06  

FLT1/FLT1/FLT4/HGF/IGF1/ITGA1/KDR/LAMA2/LAMA2/LAMA4/ 
LAMA4/LAMB1/LAMB1/PDGFD/PDGFRA/RELN/TNN/TNN/TNXB 

/TNXB/TNXB/TNXB/VWF   
MSL   M5   

Kegg   ECM-receptor   
interaction   

16   5.18E-09  6.90E-07  5.87E-07  FREM1/ITGA1/LAMA2/LAMA2/LAMA4/LAMA4/LAMB1/LAMB1/R 
ELN/TNN/TNN/TNXB/TNXB/TNXB/TNXB/VWF   

MSL   M5   

Kegg   ABC   
transporters   

8   3.92E-05  0.0011   0.0009   ABCA10/ABCA6/ABCA8/ABCA8/ABCA9/ABCC9/ABCC9/ABCG2  MSL   M5   

Kegg   

Vascular   
smooth   
muscle   

contraction   

11   0.0014   0.0157   0.0134   
ADCY4/ADCY5/ADCY5/AVPR1A/AVPR1A/CALCRL/NPR1/NPR1 

/PTGIR/RAMP2/RAMP2   MSL   M5   

Reactome  Fatty   acid   
metabolism   

7   3.64E-06  0.0004   0.0004   ALOX15B/CRAT/CROT/ELOVL5/GGT1/HPGD/SCP2   LAR   M6   

Reactome  
Phenylalanine   
and   tyrosine   
metabolism   

2   0.0007   0.0244   0.0217   HGD/KYAT1   LAR   M6   



  

  

  

  

  

  

  

  

  

  

  

  
  

212   

GO   

ATPase-coupl 
ed   

transmembran 
e   transporter   

activity   

3   0.0029   0.0436   0.0325   ABCA12/ABCC11/ABCC2  LAR   M6   

GO   steroid   binding  3   0.0024   0.0436   0.03256  APOD/AR/SCP2   LAR   M6   

GO   
carboxylic   acid   

biosynthetic   
process   

8   5.73E-06  0.0007   0.00061  ACSM1/ALOX15B/ELOVL5/GGT1/HAAO/HPGD/KYAT1/SCP2   LAR   M6   
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Table   2:   lncRNAs   upregulated   in   IM   vs   other   subtypes   and   also   upregulated   in   TNBCs   vs   Normals   and   

TNBCs   vs   non-TNBCs   

These   lncRNAs   are   also   associated   with   the   Module   M2   in   WGCNA   

lncRNA   Type  GeneSymbols   WGCNA  
FUSCC_IMvs 

Other_log2FC  

FUSCC_IMv 

sOther_padj  

FUSCC_TNBCv 

sNor_log2FC   

FUSCC_TNBCv 

sNor_padj   

TCGA_TNBCvsn 

onT_log2FC   

TCGA_TNBCvs 

nonT_padj   

Annotated   AC004585.1   M2   (IM)   1.4688   2.54E-20   2.709210272   7.40E-31   0.5767294755   1.14E-05   

Annotated   AC004687.1   M2   (IM)   1.5481   1.19E-29   1.898927141   1.12E-22   0.7436812866   2.32E-07   

Annotated   AC004847.1   M2   (IM)   1.176715654   9.93E-16   1.043748944   4.66E-07   0.5351487703   2.95E-07   

Annotated   AC005224.3   M2   (IM)   1.15698825   2.01E-16   1.243610488   1.85E-10   0.7281389877   1.78E-05   

Annotated   AC005224.4   M2   (IM)   1.101729039   7.92E-16   1.514910506   1.08E-16   0.7172863227   8.35E-09   

Annotated   AC005842.1   M2   (IM)   1.316338784   3.63E-06   1.572239779   0.000521   0.4864541269   0.00254   

Annotated   AC006369.1   M2   (IM)   1.37837552   2.35E-18   1.650755504   3.24E-13   0.709799496   4.73E-15   

Annotated   AC007336.2   M2   (IM)   1.064900082   1.08E-07   2.58586588   1.95E-13   0.4546312885   0.0037390   

Annotated   AC007381.1   M2   (IM)   1.297745154   3.31E-06   2.936613707   1.09E-10   1.757688023   3.16E-13   

Annotated   AC007386.2   M2   (IM)   1.821011236  4.50E-16   2.176182349   2.82E-12   1.154104731   8.02E-15   

Annotated   AC007569.1   M2   (IM)   2.000552671   1.83E-26   1.722139357   4.91E-10   0.5918573939   6.55E-05   

Annotated   AC007728.2   M2   (IM)   1.286662585   1.05E-32   1.536769111   4.71E-17   0.3530267975   3.77E-05   

Annotated   AC007991.2   M2   (IM)   1.963217205   3.15E-17   3.231505877   5.22E-20   2.98270188   1.19E-34   
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Annotated   AC008033.3   M2   (IM)   1.711017782  2.53E-19   1.072901137  3.73E-05   0.6193148377   0.0004226942507  

Annotated   AC008957.1   M2   (IM)   1.136619422   7.80E-17   1.172043084   9.98E-09   0.3452527237   0.004877423662   

Annotated   AC009133.3   M2   (IM)   1.808502178   2.72E-19   1.43884906   3.67E-06   0.5116760887   0.002040631197   

Annotated   AC010247.1   M2   (IM)   1.081679304   1.57E-10   1.008141397   2.97E-05   0.3906405316   0.00288620663   

Annotated   AC011944.1   M2   (IM)   1.184410889   4.57E-11   1.657835596   1.20E-08   1.62797519   8.89E-36   

Annotated   AC012236.1   M2   (IM)   1.801250269   7.81E-13   2.574865752   9.09E-11   1.456095417   8.17E-25   

Annotated   AC012645.3   M2   (IM)   1.125017344   1.46E-13   1.098392599   1.94E-06   0.6875676868   6.10E-12   

Annotated   AC013264.1   M2   (IM)   1.277259271   6.46E-07   1.89749689   9.97E-06   0.5521483503   0.004234008924   

Annotated   AC017002.3   M2   (IM)   1.274839669   1.58E-14   2.940781824   8.56E-17   0.6999475336   2.49E-13   

Annotated   AC021678.2   M2   (IM)   1.7822223   1.26E-14   1.219002412   0.001236687098   0.914385061   5.36E-08   

Annotated   AC022182.2   M2   (IM)   1.373085176   1.97E-12   1.064703381   0.0002173142951  0.4031205817   0.000333593972   

Annotated   AC023202.1   M2   (IM)   1.918740171   2.28E-12   2.642307586   3.74E-08   1.547947154   2.22E-07   

Annotated   AC023590.1   M2   (IM)   1.500639502   6.68E-11   2.319875427   1.58E-11   0.6178795789   6.44E-08   

Annotated   AC023796.2   M2   (IM)   1.822461341   1.26E-10   3.050528523   2.11E-10   1.348140301   7.28E-26   

Annotated   AC074366.1   M2   (IM)   1.45805045   2.90E-14   1.975800357   9.12E-08   0.5881427245   0.02670740816   

Annotated   AC078883.1   M2   (IM)   1.481482583   5.95E-24   1.49322919   1.77E-13   1.208801764   3.10E-43   

Annotated   AC078883.3   M2   (IM)   1.309133639   1.43E-17   1.299215748   4.48E-08   1.232347574   2.80E-31   

Annotated   AC079089.1   M2   (IM)   1.400449592   1.02E-08   2.869756157   4.72E-15   2.518112715  2.68E-43   

Annotated   AC079209.1   M2   (IM)   1.47594666   1.77E-14   2.119199668  4.67E-10   0.7188629529   2.95E-09   



  

  
  

215   

Annotated   AC079316.2   M2   (IM)   1.009253652   3.40E-23   1.781687546   4.67E-36   0.8940236945   0.0009881640585  

Annotated   AC083837.1   M2   (IM)   1.465919319   1.22E-22   1.440483438   3.61E-12   1.354530017   1.90E-18   

Annotated   AC083949.1   M2   (IM)   1.303021573   8.66E-18   2.151451684   1.24E-14   0.8548347232   1.68E-21   

Annotated   AC092145.1   M2   (IM)   1.627777015   2.30E-13   2.349297867   9.11E-09   0.9887803865   8.97E-07   

Annotated   AC092652.3   M2   (IM)   1.359037742   3.02E-24   1.02748162   5.73E-08   0.9266090343   1.43E-09   

Annotated   AC093010.2   M2   (IM)   1.479774113  3.97E-16   2.252815792   1.66E-18   0.8406849817   1.30E-07   

Annotated   AC093583.1   M2   (IM)   1.247194543   5.76E-08   2.260213884   7.87E-09   1.201027207   3.74E-14   

Annotated   AC096667.1   M2   (IM)   1.120087098   6.48E-11   1.841043154   4.47E-13   0.279446138   0.007174947379   

Annotated   AC096734.1   M2   (IM)   1.662205236   3.43E-13   1.942181271   1.45E-07   1.536232537   5.49E-09   

Annotated   AC097375.1   M2   (IM)   1.830720642   9.00E-08   2.846183909   1.11E-07   0.7642330094   0.007026361061   

Annotated   AC098613.1   M2   (IM)   1.032586513   1.38E-11   1.661202588   7.04E-15   0.2971343268   0.003412554281   

Annotated   AC099063.4   M2   (IM)   1.514884845   2.28E-19   1.307921926   1.40E-06   0.48344232   0.000364796335   

Annotated   AC099524.1   M2   (IM)   1.734899436   2.52E-21   2.229195621   9.85E-14   0.7640230957   1.43E-08   

Annotated   AC104261.1   M2   (IM)   1.799520054   3.82E-13   2.852137552   2.83E-10   1.233126142   2.01E-07   

Annotated   AC104699.1   M2   (IM)   2.037349823   6.90E-20   2.188239092   1.51E-11   1.070898252   2.28E-53   

Annotated   AC104971.4   M2   (IM)   1.215322219   4.23E-06   1.676979258   1.97E-05   0.7278519004   0.001034607734   

Annotated   AC106882.1   M2   (IM)   1.532105409   2.11E-10   1.896970555   1.95E-07   1.541346026   1.57E-14   

Annotated   AC108206.1   M2   (IM)   1.444138087   5.75E-05   3.10223107   2.85E-09   0.7246903199   0.01059235466   

Annotated   AC109446.3   M2   (IM)   1.493775044   1.05E-16   2.011131818   1.85E-10   0.3380109293   0.001761418221   
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Annotated   AC120193.1   M2   (IM)   1.54649702   5.92E-13   2.957778753   9.45E-21   1.358850214   2.76E-10   

Annotated   AC139720.1   M2   (IM)   1.69910284   1.56E-14   1.811955352  3.34E-07   1.022270688   4.05E-07   

Annotated   AC243960.1   M2   (IM)   1.663635449   2.00E-21   1.113596537  5.27E-05   0.6667712296   4.00E-07   

Annotated   AC246787.2   M2   (IM)   1.780595716   7.48E-09   1.872428719   0.000164289818   0.9153793769   0.0002435159735  

Annotated   AF127936.1   M2   (IM)   1.322023021   1.97E-24   1.040346765   1.94E-08   0.2557935159   0.02533175981   

Annotated   AF127936.2   M2   (IM)   1.40926962   2.10E-19   1.062664373   1.98E-06   0.2902589415   0.02638381571   

Annotated   AL022067.1   M2   (IM)   1.381050958   7.39E-18   1.307745397   2.77E-09   0.8937822292   1.81E-08   

Annotated   AL023653.1   M2   (IM)   1.560475264   3.15E-19   1.49164874   4.57E-08   0.5370797009   2.68E-08   

Annotated   AL096816.1   M2   (IM)   1.782953262   7.39E-21   1.241416039   3.17E-06   0.4953141167   0.002435945182   

Annotated   AL121748.1   M2   (IM)   1.514443375   1.29E-12   3.023090109   4.67E-13   0.5011827938   0.02435688602   

Annotated   AL121820.1   M2   (IM)   1.180877753   1.85E-10   2.698673594   5.74E-13   1.760779832   2.14E-53   

Annotated   AL121985.1   M2   (IM)   1.68825363   5.66E-23   1.720114077  3.64E-12   0.5973885492   4.92E-08   

Annotated   AL139020.1   M2   (IM)   1.563138422   0.000795   3.380209863   1.06E-07   1.200734635   4.00E-07   

Annotated   AL139125.1   M2   (IM)   1.450064835   1.11E-17   1.835407805   5.27E-11   0.495053299   0.004478746337   

Annotated   AL158210.1   M2   (IM)   1.420495723   1.65E-10   1.468809499   2.36E-05   1.105299195   2.33E-06   

Annotated   AL160400.1   M2   (IM)   1.557117649  5.07E-25   1.651966568   1.74E-13   0.5832301925   6.75E-05   

Annotated   AL161781.2   M2   (IM)   1.681317114  1.93E-05   2.451184725  2.08E-05   1.162341901   2.05E-05   

Annotated   AL365361.1   M2   (IM)   1.823923286   1.56E-28   1.434327911  3.94E-10   0.5546399877   3.05E-05   

Annotated   AL512631.1   M2   (IM)   1.717922473   2.34E-07   1.98754403   0.0001221740717  0.8691818957   9.77E-05   



  

  
  

217   

Annotated   AL590764.1   M2   (IM)   1.385921576   8.99E-24   1.679896752   6.71E-15   0.4934138389   2.85E-07   

Annotated   AL591468.1   M2   (IM)   2.009775931   2.79E-24   2.912350466   4.00E-15   1.038923034   5.32E-08   

Annotated   AL592164.1   M2   (IM)   1.88315965   1.42E-21   1.927381205   3.87E-09   0.8676015179   0.0001827736408  

Annotated   AOAH-IT1   M2   (IM)   1.248891439   7.87E-20   1.04157968   8.28E-08   0.6542575436   0.006279294788   

Annotated   AP003419.1   M2   (IM)   1.248488489   6.11E-12   1.321465728   4.89E-06   0.3439841753   1.11E-06   

Annotated   AP003557.1   M2   (IM)   1.203851921   2.53E-14   1.256930235   2.44E-07   0.7079879023   0.0001928027473  

Annotated   AP003774.4   M2   (IM)   1.295037748   4.24E-09   1.89292921   1.72E-06   0.7247223694   1.48E-07   

Annotated   C9orf139   M2   (IM)   1.149762936   3.41E-18   1.38014716   3.68E-14   0.2967668543   0.0005114496552  

Annotated   CHRM3-AS2   M2   (IM)   1.357118311   2.33E-11   1.554165279   1.12E-08   1.507134384   6.31E-17   

Annotated   FAM30A   M2   (IM)   1.971865777   6.99E-17   1.856913792   1.92E-09   1.003907159   8.80E-08   

Annotated   IFNG-AS1   M2   (IM)   1.903226697   2.67E-22   2.082524059   2.42E-15   0.6297203237   0.001694576876   

Annotated   IL21-AS1   M2   (IM)   1.554491709   2.65E-13   3.506938021   1.89E-17   1.215316056   3.79E-09   

Annotated   ITGB2-AS1   M2   (IM)   1.117457069  2.31E-18   1.331150954  3.35E-15   0.8050269058   1.13E-12   

Annotated   LINC00158   M2   (IM)   1.320943766   9.31E-14   1.002516848   6.50E-05   0.9614213249   1.32E-07   

Annotated   LINC00239   M2   (IM)   1.094599886   2.98E-09   1.956088495   1.90E-11   1.132411892  1.74E-17   

Annotated   LINC00402   M2   (IM)   1.592425538   8.43E-11   2.768367353   1.12E-17   0.889779032   6.13E-06   

Annotated   LINC00426   M2   (IM)   1.484636746   5.07E-25   1.91599036   5.48E-22   0.5613594889   1.14E-05   

Annotated   LINC00427   M2   (IM)   1.554944854   1.41E-13   2.162876042   1.93E-08   0.4683952879   0.006283735219   

Annotated   LINC00487   M2   (IM)   1.111661064   1.88E-08   1.633779998   6.93E-10   1.177174717   5.43E-18   
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Annotated   LINC00528   M2   (IM)   1.494687709   2.46E-29   1.26047022   6.78E-10   0.6568451294   2.18E-09   

Annotated   LINC00544   M2   (IM)   1.131238272   1.06E-07   1.890109615   3.35E-09   0.4832949959   0.01944464685   

Annotated   LINC00582   M2   (IM)   1.769782463   9.67E-12   1.259845495   0.0005860728292  1.10132265   7.00E-09   

Annotated   LINC00861   M2   (IM)   1.401876411  4.87E-13   1.67700047   2.57E-12   0.5966136477   0.0001320333803  

Annotated   LINC00892   M2   (IM)   1.10349204   5.58E-09   1.292325548   1.09E-07   0.4763333938   0.001117068   

Annotated   LINC00944   M2   (IM)   1.403205443   3.61E-17   1.406987677   3.00E-10   1.881665312   2.67E-40   

Annotated   LINC00996   M2   (IM)   1.620223012   4.21E-22   1.285436533   2.72E-08   0.8100666388   5.12E-09   

Annotated   LINC01215   M2   (IM)   1.703241591   5.16E-15   2.689125662   5.82E-20   0.7873717653   4.98E-05   

Annotated   LINC01281   M2   (IM)   1.667150521   3.05E-17   4.609775427   4.92E-29   0.9009883311   2.11E-06   

Annotated   LINC01727   M2   (IM)   1.206864941   1.51E-09   2.927809873   1.42E-15   0.572641952   0.008374895226   

Annotated   LINC01781   M2   (IM)   1.663116467  6.24E-11   2.656864421   3.50E-11   0.96541081   1.44E-05   

Annotated   LINC01800   M2   (IM)   1.262885561   5.95E-11   1.784936734   1.08E-09   1.039520897   3.64E-08   

Annotated   LINC01857   M2   (IM)   1.479914188   6.56E-17   2.937830223   3.04E-24   0.5888037041   1.65E-05   

Annotated   LINC01871   M2   (IM)   1.767943786   1.04E-27   1.066434452   1.13E-05   1.499732813   7.81E-27   

Annotated   LINC01934   M2   (IM)   1.597100322   2.38E-27   1.639056309   9.81E-15   0.3874035698   0.008650097223   

Annotated   LINC01943   M2   (IM)   1.279890626   5.23E-26   2.611395638  6.79E-36   0.3573813624   1.59E-06   

Annotated   LINC02084   M2   (IM)   1.291061958   3.10E-16   1.513504456   1.82E-09   0.816944019   3.63E-10   

Annotated   LINC02100   M2   (IM)   1.413361391   4.96E-22   1.659983428   2.59E-13   1.12072533   2.38E-11   

Annotated   LINC02195   M2   (IM)   1.611576883  4.27E-12   3.250725534   3.88E-14   1.259291851   9.63E-13   
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Annotated   LINC02273   M2   (IM)   1.463192539   4.27E-14   2.198485402   3.18E-15   0.4516429574   0.007306668297   

Annotated   LINC02320   M2   (IM)   1.325198776   1.14E-08   1.924738484   1.08E-06   1.694113055  1.04E-11   

Annotated   LINC02325   M2   (IM)   1.546052484   7.26E-23   2.064338839   2.51E-16   0.6190352926   0.0006041876266  

Annotated   LINC02341   M2   (IM)   1.089983926   1.31E-08   2.759546688   4.45E-15   1.432881373   1.62E-16   

Annotated   LINC02384   M2   (IM)   1.797160742   1.44E-21   1.046470932   4.42E-05   0.716120104   5.91E-08   

Annotated   LINC02397   M2   (IM)   1.569150124   4.52E-11   2.957388776   1.40E-22   0.9558303984   5.35E-07   

Annotated   LINC02416   M2   (IM)   2.031938661   4.81E-34   3.11228156   1.02E-17   1.239114679  2.90E-11   

Annotated   LINC02422   M2   (IM)   1.890941524   5.11E-17   2.380530919   2.71E-13   1.19657107   3.55E-08   

Annotated   LINC02446   M2   (IM)   2.192092612   1.54E-28   2.818918585   6.59E-21   1.221506142   8.98E-12   

Annotated   MIR155HG   M2   (IM)   1.458086052   1.68E-29   2.119972671  1.33E-29   0.9361582195   1.39E-17   

Annotated   MIR4432HG   M2   (IM)   1.475010893   1.29E-08   3.290752516   2.18E-13   1.541530066   8.35E-08   

Annotated   NRIR   M2   (IM)   1.525545765   8.23E-16   1.329231918   1.70E-07   0.7984934922   6.15E-08   

Annotated   OSTN-AS1   M2   (IM)   1.783369102   2.48E-12   2.482139163   5.90E-08   1.37891384   6.50E-10   

Annotated   PCED1B-AS1   M2   (IM)   1.507254397   4.43E-34   1.698536903   3.13E-21   0.3699447452   0.000574689808   

Annotated   PIK3CD-AS1   M2   (IM)   1.383296835   9.12E-08   1.497410225   0.0005496893539  0.9806578661   4.70E-13   

Annotated   PRKCQ-AS1   M2   (IM)   1.148737671   5.34E-13   1.226503515   6.99E-10   2.366790087   1.29E-77   

Annotated   TCL6   M2   (IM)   1.141089101   3.37E-06   2.072397196   9.19E-12   0.6842288174   0.002364140288   

Annotated   TRBV11-2   M2   (IM)   1.67578761   6.73E-16   1.916424507   7.78E-07   0.6910260895   3.18E-05   

Annotated   TRG-AS1   M2   (IM)   1.580048467   5.32E-36   1.280389889   7.33E-12   0.6354767645   1.52E-08   
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Annotated   USP30-AS1   M2   (IM)   1.753644371   5.79E-35   1.805726829   1.85E-14   0.4736020837   1.62E-07   

Annotated   XXYLT1-AS2   M2   (IM)   1.734333143   4.24E-19   1.928061763   3.60E-08   0.3692250917   0.02932404894   

Annotated   ZBTB20-AS1   M2   (IM)   1.456371871   3.58E-21   2.520791876   4.30E-21   0.7410409369   1.79E-09   

Novel   MSTRG.110466   M2   (IM)   1.729477868   3.99E-09   2.53134608   1.47E-07   NA   NA   

Novel   MSTRG.117302   M2   (IM)   1.483352135   2.78E-08   1.155766998   0.002111224307   NA   NA   

Novel   MSTRG.117305   M2   (IM)   1.40505107   8.60E-07   1.036996174   0.009786008865   NA   NA   

Novel   MSTRG.117309   M2   (IM)   1.514144216   4.49E-07   1.050276407   0.01923602896   NA   NA   

Novel   MSTRG.129038   M2   (IM)   1.831885325   1.53E-08   1.651213778   0.001571355985   NA   NA   

Novel   MSTRG.129474   M2   (IM)   1.495134904   2.62E-12   1.544614958   8.91E-08   NA   NA   

Novel   MSTRG.145126   M2   (IM)   1.102895531   1.61E-06   2.481039919   9.04E-12   NA   NA   

Novel   MSTRG.152804   M2   (IM)   1.124635485   3.30E-27   2.349053487   4.30E-45   NA   NA   

Novel   MSTRG.184441   M2   (IM)   1.351829777   3.03E-12   1.042871492   0.0003516748957  NA   NA   

Novel   MSTRG.19363   M2   (IM)   1.038655934   2.04E-06   1.653167337   6.78E-06   NA   NA   

Novel   MSTRG.197046   M2   (IM)   1.470711081  3.25E-23   1.430175392   3.59E-12   NA   NA   

Novel   MSTRG.197093   M2   (IM)   1.578378489   6.28E-13   1.669684698   7.21E-06   NA   NA   

Novel   MSTRG.197101   M2   (IM)   1.417753616   7.56E-09   1.67238905   3.49E-05   NA   NA   

Novel   MSTRG.197112   M2   (IM)   1.870720008   4.97E-12   1.649323632   0.0005034994435  NA   NA   

Novel   MSTRG.199161   M2   (IM)   1.574631333   4.59E-13   2.284715111   1.62E-08   NA   NA   

Novel   MSTRG.202102   M2   (IM)   1.098370841   4.23E-09   1.198912025   2.60E-07   NA   NA   
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Novel   MSTRG.20391   M2   (IM)   1.70376874   2.25E-15   1.976626618   9.19E-13   NA   NA   

Novel   MSTRG.211518   M2   (IM)   1.788362074   1.30E-07   2.27826235   1.60E-05   NA   NA   

Novel   MSTRG.22231   M2   (IM)   1.135098044   1.07E-11   1.843360076   6.39E-12   NA   NA   

Novel   MSTRG.22240   M2   (IM)   1.527883893   4.07E-11   1.549174542   0.000185   NA   NA   

Novel   MSTRG.22253   M2   (IM)   1.073719472   2.64E-09   2.134559332   8.33E-12   NA   NA   

Novel   MSTRG.224171   M2   (IM)   1.932655919   1.13E-24   2.4349658   3.98E-21   NA   NA   

Novel   MSTRG.231604   M2   (IM)   1.103534271   1.82E-05   2.610279617   1.53E-15   NA   NA   

Novel   MSTRG.245261   M2   (IM)   1.183050199   2.70E-07   1.713000121   1.82E-05   NA   NA   

Novel   MSTRG.24814   M2   (IM)   2.000715934   1.43E-17   3.017131169  2.93E-21   NA   NA   

Novel   MSTRG.32939   M2   (IM)   3.205791405   9.84E-34   3.926354698   4.13E-25   NA   NA   

Novel   MSTRG.42942   M2   (IM)   1.004446874   7.64E-07   1.241447924   4.02E-05   NA   NA   

Novel   MSTRG.47861   M2   (IM)   1.562928077   3.05E-19   1.640201835   3.10E-07   NA   NA   

Novel   MSTRG.49951   M2   (IM)   1.936301507   5.71E-18   1.622856711  4.93E-07   NA   NA   

Novel   MSTRG.58179   M2   (IM)   1.386811909  8.55E-08   2.631780046   3.20E-16   NA   NA   

Novel   MSTRG.61661   M2   (IM)   1.202869941   9.62E-12   1.326139987   2.71E-05   NA   NA   

Novel   MSTRG.62392   M2   (IM)   1.490811219  8.17E-27   1.670576887   4.44E-17   NA   NA   

Novel   MSTRG.72763   M2   (IM)   1.826326528   1.01E-17   1.995002638   1.09E-07   NA   NA   

Novel   MSTRG.72802   M2   (IM)   1.600301882   6.79E-15   1.255671714   0.0001187   NA   NA   

Novel   MSTRG.78559   M2   (IM)   1.335802343   9.77E-12   2.189770913   2.89E-10   NA   NA   



  

  

  

  
  

222   

Novel   MSTRG.78576   M2   (IM)   1.23030302   1.02E-13   1.342764889   2.02E-06   NA   NA   

Novel   MSTRG.78590   M2   (IM)   1.322096337   6.10E-16   1.532650968   2.40E-08   NA   NA   

Novel   MSTRG.78591   M2   (IM)   1.208377325   1.05E-12   1.459086443   1.06E-08   NA   NA   

Novel   MSTRG.78592   M2   (IM)   1.205207378   1.56E-11   1.451400394   5.10E-08   NA   NA   

Novel   MSTRG.81610   M2   (IM)   1.659327178   2.65E-17   2.054004241   3.29E-14   NA   NA   

Novel   MSTRG.84843   M2   (IM)   1.308356084   1.29E-12   1.682334946   1.41E-08   NA   NA   

Novel   MSTRG.84858   M2   (IM)   1.524231223   2.99E-11   1.760778831   2.21E-05   NA   NA   

Novel   MSTRG.87407   M2   (IM)   1.506495999   7.86E-21   1.621467288   9.37E-11   NA   NA   
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Table   3:   602   Immune   lncRNAs   (479   Annotated   and   123   Novel   lncRNAs)   

lncRNAs   Chromosome   Ensembl_ID   lncRNA   Type   Groups   

A2M-AS1   chr12   ENSG00000245105  antisense_RNA   Annotated   lncRNAs   

AC002091.2   chr17   ENSG00000266389  Intergenic   Annotated   lncRNAs   

AC002480.1   chr7   ENSG00000225541  sense_overlapping   Annotated   lncRNAs   

AC002480.2   chr7   ENSG00000232759  antisense_RNA   Annotated   lncRNAs   

AC002480.4   chr7   ENSG00000238033  Intergenic   Annotated   lncRNAs   

AC004067.1   chr4   ENSG00000273447  antisense_RNA   Annotated   lncRNAs   

AC004241.1   chr12   ENSG00000257433  antisense_RNA   Annotated   lncRNAs   

AC004466.2   chr12   ENSG00000274737  sense_intronic   Annotated   lncRNAs   

AC004491.1   chr7   ENSG00000279996  TEC   Annotated   lncRNAs   

AC004520.1   chr7   ENSG00000273237  antisense_RNA   Annotated   lncRNAs   



  

  
  

224   

AC004584.3   chr17   ENSG00000263120  sense_intronic   Annotated   lncRNAs   

AC004585.1   chr17   ENSG00000266088  Intergenic   Annotated   lncRNAs   

AC004687.1   chr17   ENSG00000265206  antisense_RNA   Annotated   lncRNAs   

AC004706.1   chr17   ENSG00000261996  Intergenic   Annotated   lncRNAs   

AC004847.1   chr7   ENSG00000260997  sense_overlapping   Annotated   lncRNAs   

AC004865.2   chr1   ENSG00000239636  antisense_RNA   Annotated   lncRNAs   

AC004988.1   chr7   ENSG00000203446  antisense_RNA   Annotated   lncRNAs   

AC005224.3   chr17   ENSG00000266378  Intergenic   Annotated   lncRNAs   

AC005224.4   chr17   ENSG00000266709  Intergenic   Annotated   lncRNAs   

AC005291.1   chr17   ENSG00000264067  antisense_RNA   Annotated   lncRNAs   

AC005332.7   chr17   ENSG00000274712  Intergenic   Annotated   lncRNAs   

AC005479.2   chr14   ENSG00000259005  Intergenic   Annotated   lncRNAs   

AC005840.5   chr12   ENSG00000276718  antisense_RNA   Annotated   lncRNAs   
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AC005899.6   chr17   ENSG00000274341  Intergenic   Annotated   lncRNAs   

AC006033.2   chr7   ENSG00000272908  Intergenic   Annotated   lncRNAs   

AC006058.1   chr3   ENSG00000261786  Intergenic   Annotated   lncRNAs   

AC006369.1   chr2   ENSG00000236213  antisense_RNA   Annotated   lncRNAs   

AC007278.1   chr2   ENSG00000234389  sense_intronic   Annotated   lncRNAs   

AC007278.2   chr2   ENSG00000236525  sense_intronic   Annotated   lncRNAs   

AC007336.3   chr16   ENSG00000279030  TEC   Annotated   lncRNAs   

AC007384.1   chr7   ENSG00000237513  Intergenic   Annotated   lncRNAs   

AC007386.2   chr2   ENSG00000232613  antisense_RNA   Annotated   lncRNAs   

AC007569.1   chr12   ENSG00000257221  antisense_RNA   Annotated   lncRNAs   

AC007637.1   chr12   ENSG00000256139  sense_overlapping   Annotated   lncRNAs   

AC007686.3   chr14   ENSG00000273729  antisense_RNA   Annotated   lncRNAs   

AC007728.2   chr16   ENSG00000261644  antisense_RNA   Annotated   lncRNAs   



  

  
  

226   

AC007728.3   chr16   ENSG00000270120  sense_intronic   Annotated   lncRNAs   

AC007991.2   chr8   ENSG00000253838  sense_intronic   Annotated   lncRNAs   

AC008033.3   chr12   ENSG00000273824  Intergenic   Annotated   lncRNAs   

AC008074.3   chr2   ENSG00000260101  Intergenic   Annotated   lncRNAs   

AC008083.3   chr12   ENSG00000258181  Intergenic   Annotated   lncRNAs   

AC008105.3   chr17   ENSG00000267121  antisense_RNA   Annotated   lncRNAs   

AC008115.3   chr12   ENSG00000275560  sense_intronic   Annotated   lncRNAs   

AC008467.1   chr5   ENSG00000249476  Intergenic   Annotated   lncRNAs   

AC008555.5   chr19   ENSG00000271109  Intergenic   Annotated   lncRNAs   

AC008667.1   chr5   ENSG00000249526  Intergenic   Annotated   lncRNAs   

AC008691.1   chr5   ENSG00000249738  antisense_RNA   Annotated   lncRNAs   

AC008760.2   chr19   ENSG00000276980  sense_intronic   Annotated   lncRNAs   

AC008957.1   chr5   ENSG00000250155  antisense_RNA   Annotated   lncRNAs   



  

  
  

227   

AC009090.5   chr16   ENSG00000279803  TEC   Annotated   lncRNAs   

AC009093.10   chr16   ENSG00000284685  processed_transcript  Annotated   lncRNAs   

AC009093.2   chr16   ENSG00000260517  Intergenic   Annotated   lncRNAs   

AC009093.7   chr16   ENSG00000279106  TEC   Annotated   lncRNAs   

AC009126.1   chr5   ENSG00000247121  antisense_RNA   Annotated   lncRNAs   

AC009133.1   chr16   ENSG00000238045  antisense_RNA   Annotated   lncRNAs   

AC009948.1   chr2   ENSG00000223960  antisense_RNA   Annotated   lncRNAs   

AC009951.1   chr2   ENSG00000279166  TEC   Annotated   lncRNAs   

AC010175.1   chr12   ENSG00000256427  Intergenic   Annotated   lncRNAs   

AC010247.1   chr19   ENSG00000254887  processed_transcript  Annotated   lncRNAs   

AC010335.3   chr19   ENSG00000280121  TEC   Annotated   lncRNAs   

AC010883.1   chr2   ENSG00000234936  antisense_RNA   Annotated   lncRNAs   

AC011816.2   chr3   ENSG00000272334  Intergenic   Annotated   lncRNAs   



  

  
  

228   

AC011899.2   chr7   ENSG00000233038  antisense_RNA   Annotated   lncRNAs   

AC011933.2   chr17   ENSG00000264853  sense_intronic   Annotated   lncRNAs   

AC011939.3   chr15   ENSG00000275638  antisense_RNA   Annotated   lncRNAs   

AC012020.1   chr3   ENSG00000279277  TEC   Annotated   lncRNAs   

AC012363.1   chr2   ENSG00000224789  antisense_RNA   Annotated   lncRNAs   

AC012368.1   chr2   ENSG00000225889  antisense_RNA   Annotated   lncRNAs   

AC012645.3   chr16   ENSG00000261416  antisense_RNA   Annotated   lncRNAs   

AC015726.1   chr17   ENSG00000270091  Intergenic   Annotated   lncRNAs   

AC015819.1   chr18   ENSG00000273669  Intergenic   Annotated   lncRNAs   

AC015911.3   chr17   ENSG00000267074  sense_intronic   Annotated   lncRNAs   

AC016831.1   chr7   ENSG00000226380  Intergenic   Annotated   lncRNAs   

AC016831.5   chr7   ENSG00000271204  Intergenic   Annotated   lncRNAs   

AC016957.2   chr12   ENSG00000276136  Intergenic   Annotated   lncRNAs   



  

  
  

229   

AC017002.1   chr2   ENSG00000224959  Intergenic   Annotated   lncRNAs   

AC018445.3   chr18   ENSG00000279637  TEC   Annotated   lncRNAs   

AC018445.4   chr18   ENSG00000279981  TEC   Annotated   lncRNAs   

AC018607.1   chr8   ENSG00000254325  sense_intronic   Annotated   lncRNAs   

AC018926.2   chr15   ENSG00000276533  sense_intronic   Annotated   lncRNAs   

AC020656.2   chr12   ENSG00000274979  Intergenic   Annotated   lncRNAs   

AC020978.10   chr16   ENSG00000279649  TEC   Annotated   lncRNAs   

AC020978.7   chr16   ENSG00000262514  sense_intronic   Annotated   lncRNAs   

AC020978.8   chr16   ENSG00000263276  sense_overlapping   Annotated   lncRNAs   

AC021016.2   chr2   ENSG00000261338  sense_overlapping   Annotated   lncRNAs   

AC021188.1   chr2   ENSG00000230747  antisense_RNA   Annotated   lncRNAs   

AC022706.1   chr17   ENSG00000267364  Intergenic   Annotated   lncRNAs   

AC022916.1   chr17   ENSG00000266947  antisense_RNA   Annotated   lncRNAs   
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AC023449.2   chr15   ENSG00000274307  sense_intronic   Annotated   lncRNAs   

AC024084.1   chr7   ENSG00000230649  Intergenic   Annotated   lncRNAs   

AC025031.4   chr12   ENSG00000275481  Intergenic   Annotated   lncRNAs   

AC025031.5   chr12   ENSG00000278896  TEC   Annotated   lncRNAs   

AC025280.1   chr16   ENSG00000260859  sense_intronic   Annotated   lncRNAs   

AC025524.2   chr8   ENSG00000254119  Intergenic   Annotated   lncRNAs   

AC025569.1   chr12   ENSG00000258168  antisense_RNA   Annotated   lncRNAs   

AC025580.2   chr15   ENSG00000259354  antisense_RNA   Annotated   lncRNAs   

AC025809.1   chr19   ENSG00000267662  antisense_RNA   Annotated   lncRNAs   

AC025809.2   chr19   ENSG00000278875  TEC   Annotated   lncRNAs   

AC025857.2   chr8   ENSG00000269899  sense_intronic   Annotated   lncRNAs   

AC026202.2   chr3   ENSG00000233912  antisense_RNA   Annotated   lncRNAs   

AC027097.1   chr18   ENSG00000267040  antisense_RNA   Annotated   lncRNAs   
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AC027097.2   chr18   ENSG00000267787  antisense_RNA   Annotated   lncRNAs   

AC027682.7   chr16   ENSG00000280214  TEC   Annotated   lncRNAs   

AC027801.1   chr17   ENSG00000204584  antisense_RNA   Annotated   lncRNAs   

AC027808.2   chr15   ENSG00000259649  antisense_RNA   Annotated   lncRNAs   

AC034102.6   chr12   ENSG00000258317  antisense_RNA   Annotated   lncRNAs   

AC034199.1   chr5   ENSG00000250274  Intergenic   Annotated   lncRNAs   

AC035139.1   chr10   ENSG00000228403  sense_intronic   Annotated   lncRNAs   

AC036222.2   chr17   ENSG00000266222  sense_intronic   Annotated   lncRNAs   

AC037459.3   chr8   ENSG00000253200  antisense_RNA   Annotated   lncRNAs   

AC039056.2   chr15   ENSG00000278493  sense_intronic   Annotated   lncRNAs   

AC040160.2   chr16   ENSG00000280163  TEC   Annotated   lncRNAs   

AC046185.3   chr17   ENSG00000279369  TEC   Annotated   lncRNAs   

AC048341.2   chr12   ENSG00000257354  Intergenic   Annotated   lncRNAs   
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AC048382.5   chr15   ENSG00000275120  antisense_RNA   Annotated   lncRNAs   

AC048382.6   chr15   ENSG00000276278  antisense_RNA   Annotated   lncRNAs   

AC051619.6   chr15   ENSG00000259539  
3prime_overlapping_ 

ncRNA   
Annotated   lncRNAs   

AC067852.6   chr17   ENSG00000267632  sense_intronic   Annotated   lncRNAs   

AC068631.1   chr3   ENSG00000197099  antisense_RNA   Annotated   lncRNAs   

AC068898.2   chr10   ENSG00000251413  sense_intronic   Annotated   lncRNAs   

AC069208.1   chr12   ENSG00000255864  Intergenic   Annotated   lncRNAs   

AC069366.2   chr17   ENSG00000265801  sense_intronic   Annotated   lncRNAs   

AC069528.2   chr3   ENSG00000279320  TEC   Annotated   lncRNAs   

AC073283.1   chr2   ENSG00000225187  antisense_RNA   Annotated   lncRNAs   

AC073912.2   chr12   ENSG00000256299  Intergenic   Annotated   lncRNAs   

AC073957.3   chr7   ENSG00000273151  antisense_RNA   Annotated   lncRNAs   
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AC074032.1   chr12   ENSG00000272368  antisense_RNA   Annotated   lncRNAs   

AC078883.1   chr2   ENSG00000225205  antisense_RNA   Annotated   lncRNAs   

AC078883.3   chr2   ENSG00000232788  antisense_RNA   Annotated   lncRNAs   

AC079015.1   chr8   ENSG00000253988  Intergenic   Annotated   lncRNAs   

AC079298.3   chr4   ENSG00000280241  antisense_RNA   Annotated   lncRNAs   

AC079316.2   chr12   ENSG00000279176  TEC   Annotated   lncRNAs   

AC079336.3   chr17   ENSG00000265337  sense_intronic   Annotated   lncRNAs   

AC079336.7   chr17   ENSG00000280245  TEC   Annotated   lncRNAs   

AC079921.2   chr4   ENSG00000249685  Intergenic   Annotated   lncRNAs   

AC083837.1   chr8   ENSG00000261618  Intergenic   Annotated   lncRNAs   

AC083862.2   chr7   ENSG00000272941  antisense_RNA   Annotated   lncRNAs   

AC083949.1   chr2   ENSG00000224875  antisense_RNA   Annotated   lncRNAs   

AC087672.3   chr8   ENSG00000254288  Intergenic   Annotated   lncRNAs   



  

  
  

234   

AC087752.3   chr8   ENSG00000253878  sense_intronic   Annotated   lncRNAs   

AC087893.1   chr12   ENSG00000274598  sense_intronic   Annotated   lncRNAs   

AC090061.1   chr12   ENSG00000247363  Intergenic   Annotated   lncRNAs   

AC090136.3   chr8   ENSG00000254102  antisense_RNA   Annotated   lncRNAs   

AC090204.1   chr8   ENSG00000247134  Intergenic   Annotated   lncRNAs   

AC090510.2   chr15   ENSG00000274403  antisense_RNA   Annotated   lncRNAs   

AC090510.3   chr15   ENSG00000278769  antisense_RNA   Annotated   lncRNAs   

AC090559.1   chr11   ENSG00000255197  antisense_RNA   Annotated   lncRNAs   

AC090948.1   chr3   ENSG00000271964  antisense_RNA   Annotated   lncRNAs   

AC090948.2   chr3   ENSG00000272498  antisense_RNA   Annotated   lncRNAs   

AC090948.3   chr3   ENSG00000272529  antisense_RNA   Annotated   lncRNAs   

AC091133.1   chr17   ENSG00000230532  antisense_RNA   Annotated   lncRNAs   

AC092135.1   chr16   ENSG00000279294  TEC   Annotated   lncRNAs   
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AC092135.3   chr16   ENSG00000279841  TEC   Annotated   lncRNAs   

AC092139.4   chr16   ENSG00000279476  TEC   Annotated   lncRNAs   

AC092376.2   chr16   ENSG00000277954  antisense_RNA   Annotated   lncRNAs   

AC092652.3   chr2   ENSG00000283994  sense_intronic   Annotated   lncRNAs   

AC092868.2   chr15   ENSG00000259735  sense_intronic   Annotated   lncRNAs   

AC093010.2   chr3   ENSG00000241490  antisense_RNA   Annotated   lncRNAs   

AC093278.2   chr5   ENSG00000261269  sense_overlapping   Annotated   lncRNAs   

AC093330.2   chr18   ENSG00000279811  TEC   Annotated   lncRNAs   

AC093423.2   chr1   ENSG00000230735  sense_intronic   Annotated   lncRNAs   

AC093525.8   chr16   ENSG00000279520  TEC   Annotated   lncRNAs   

AC093609.1   chr2   ENSG00000230587  Intergenic   Annotated   lncRNAs   

AC093726.2   chr7   ENSG00000273183  antisense_RNA   Annotated   lncRNAs   

AC096667.1   chr2   ENSG00000283839  antisense_RNA   Annotated   lncRNAs   



  

  
  

236   

AC096921.2   chr3   ENSG00000261468  sense_overlapping   Annotated   lncRNAs   

AC098613.1   chr3   ENSG00000223552  antisense_RNA   Annotated   lncRNAs   

AC099063.4   chr1   ENSG00000284734  antisense_RNA   Annotated   lncRNAs   

AC099343.3   chr4   ENSG00000271646  Intergenic   Annotated   lncRNAs   

AC099494.2   chr16   ENSG00000279415  TEC   Annotated   lncRNAs   

AC099521.3   chr16   ENSG00000279693  TEC   Annotated   lncRNAs   

AC099524.1   chr16   ENSG00000261218  Intergenic   Annotated   lncRNAs   

AC099804.1   chr17   ENSG00000279570  TEC   Annotated   lncRNAs   

AC099811.5   chr17   ENSG00000278829  sense_intronic   Annotated   lncRNAs   

AC100830.1   chr15   ENSG00000259635  antisense_RNA   Annotated   lncRNAs   

AC100830.3   chr15   ENSG00000265967  antisense_RNA   Annotated   lncRNAs   

AC104170.1   chr1   ENSG00000227070  antisense_RNA   Annotated   lncRNAs   

AC104260.2   chr15   ENSG00000280304  TEC   Annotated   lncRNAs   



  

  
  

237   

AC104564.4   chr17   ENSG00000264290  sense_intronic   Annotated   lncRNAs   

AC104695.3   chr2   ENSG00000270640  sense_intronic   Annotated   lncRNAs   

AC104699.1   chr2   ENSG00000224220  antisense_RNA   Annotated   lncRNAs   

AC105046.1   chr8   ENSG00000261026  sense_overlapping   Annotated   lncRNAs   

AC105150.1   chr8   ENSG00000254048  sense_intronic   Annotated   lncRNAs   

AC105749.1   chr3   ENSG00000281100  TEC   Annotated   lncRNAs   

AC107959.1   chr8   ENSG00000245025  antisense_RNA   Annotated   lncRNAs   

AC108134.3   chr16   ENSG00000262370  Intergenic   Annotated   lncRNAs   

AC108463.3   chr2   ENSG00000271590  Intergenic   Annotated   lncRNAs   

AC110048.2   chr15   ENSG00000277152  Intergenic   Annotated   lncRNAs   

AC110769.3   chr2   ENSG00000279957  TEC   Annotated   lncRNAs   

AC111170.2   chr17   ENSG00000267263  sense_intronic   Annotated   lncRNAs   

AC112496.1   chrX  ENSG00000241886  sense_intronic   Annotated   lncRNAs   



  

  
  

238   

AC113615.1   chr4   ENSG00000251408  Intergenic   Annotated   lncRNAs   

AC114490.1   chr1   ENSG00000241014  processed_transcript  Annotated   lncRNAs   

AC116366.1   chr5   ENSG00000234290  antisense_RNA   Annotated   lncRNAs   

AC120193.1   chr8   ENSG00000253535  antisense_RNA   Annotated   lncRNAs   

AC121247.1   chr3   ENSG00000225399  Intergenic   Annotated   lncRNAs   

AC121761.1   chr12   ENSG00000257497  antisense_RNA   Annotated   lncRNAs   

AC124319.4   chr17   ENSG00000280248  TEC   Annotated   lncRNAs   

AC130448.1   chr16   ENSG00000279202  TEC   Annotated   lncRNAs   

AC130469.2   chr19   ENSG00000279396  TEC   Annotated   lncRNAs   

AC131210.1   chr3   ENSG00000240888  sense_intronic   Annotated   lncRNAs   

AC132872.3   chr17   ENSG00000275888  antisense_RNA   Annotated   lncRNAs   

AC132938.5   chr17   ENSG00000279066  sense_intronic   Annotated   lncRNAs   

AC133065.2   chr16   ENSG00000262222  antisense_RNA   Annotated   lncRNAs   



  

  
  

239   

AC133065.4   chr16   ENSG00000263013  sense_intronic   Annotated   lncRNAs   

AC133065.6   chr16   ENSG00000280153  TEC   Annotated   lncRNAs   

AC133644.2   chr2   ENSG00000273445  antisense_RNA   Annotated   lncRNAs   

AC134043.2   chr5   ENSG00000279204  TEC   Annotated   lncRNAs   

AC136475.1   chr11   ENSG00000251661  antisense_RNA   Annotated   lncRNAs   

AC138331.1   chr12   ENSG00000258066  Intergenic   Annotated   lncRNAs   

AC139887.1   chr4   ENSG00000233799  antisense_RNA   Annotated   lncRNAs   

AC139887.4   chr4   ENSG00000272588  antisense_RNA   Annotated   lncRNAs   

AC144831.1   chr17   ENSG00000261888  Intergenic   Annotated   lncRNAs   

AC147651.3   chr7   ENSG00000237181  antisense_RNA   Annotated   lncRNAs   

AC244034.2   chr1   ENSG00000261000  Intergenic   Annotated   lncRNAs   

AC244034.3   chr1   ENSG00000279946  TEC   Annotated   lncRNAs   

ACTA2-AS1   chr10   ENSG00000180139  antisense_RNA   Annotated   lncRNAs   



  

  
  

240   

ADAMTS9-AS2   chr3   ENSG00000241684  antisense_RNA   Annotated   lncRNAs   

ADAMTSL4-AS1   chr1   ENSG00000203804  processed_transcript  Annotated   lncRNAs   

ADPGK-AS1   chr15   ENSG00000260898  antisense_RNA   Annotated   lncRNAs   

AF111169.4   chr14   ENSG00000259081  antisense_RNA   Annotated   lncRNAs   

AF127936.1   chr21   ENSG00000226751  Intergenic   Annotated   lncRNAs   

AF127936.2   chr21   ENSG00000232884  Intergenic   Annotated   lncRNAs   

AF165147.1   chr21   ENSG00000232855  Intergenic   Annotated   lncRNAs   

AJ003147.3   chr16   ENSG00000279330  TEC   Annotated   lncRNAs   

AL008726.1   chr20   ENSG00000271984  antisense_RNA   Annotated   lncRNAs   

AL021707.1   chr22   ENSG00000225450  antisense_RNA   Annotated   lncRNAs   

AL021707.3   chr22   ENSG00000230149  antisense_RNA   Annotated   lncRNAs   

AL021707.5   chr22   ENSG00000244491  antisense_RNA   Annotated   lncRNAs   

AL021707.6   chr22   ENSG00000272669  antisense_RNA   Annotated   lncRNAs   



  

  
  

241   

AL021707.8   chr22   ENSG00000273096  sense_intronic   Annotated   lncRNAs   

AL022067.1   chr6   ENSG00000269919  sense_intronic   Annotated   lncRNAs   

AL024509.3   chr6   ENSG00000235733  antisense_RNA   Annotated   lncRNAs   

AL031595.3   chr22   ENSG00000280434  sense_overlapping   Annotated   lncRNAs   

AL031728.1   chr1   ENSG00000231105  antisense_RNA   Annotated   lncRNAs   

AL033543.1   chr22   ENSG00000279175  sense_intronic   Annotated   lncRNAs   

AL035587.1   chr6   ENSG00000231113   antisense_RNA   Annotated   lncRNAs   

AL035681.1   chr22   ENSG00000235513  antisense_RNA   Annotated   lncRNAs   

AL049840.4   chr14   ENSG00000269958  sense_intronic   Annotated   lncRNAs   

AL078604.2   chr6   ENSG00000237927  Intergenic   Annotated   lncRNAs   

AL096816.1   chr6   ENSG00000280135  TEC   Annotated   lncRNAs   

AL096855.1   chr1   ENSG00000232912  antisense_RNA   Annotated   lncRNAs   

AL109741.1   chr1   ENSG00000225938  antisense_RNA   Annotated   lncRNAs   



  

  
  

242   

AL109806.1   chr20   ENSG00000280387  TEC   Annotated   lncRNAs   

AL109811.1   chr1   ENSG00000226849  antisense_RNA   Annotated   lncRNAs   

AL109955.1   chr20   ENSG00000218018  antisense_RNA   Annotated   lncRNAs   

AL110504.1   chr14   ENSG00000258749  antisense_RNA   Annotated   lncRNAs   

AL118508.4   chr20   ENSG00000279447  TEC   Annotated   lncRNAs   

AL121985.1   chr1   ENSG00000228863  antisense_RNA   Annotated   lncRNAs   

AL133245.1   chr2   ENSG00000272754  Intergenic   Annotated   lncRNAs   

AL133342.1   chr20   ENSG00000278231  Intergenic   Annotated   lncRNAs   

AL133355.1   chr10   ENSG00000260461  sense_overlapping   Annotated   lncRNAs   

AL133384.2   chr10   ENSG00000279796  TEC   Annotated   lncRNAs   

AL133467.1   chr14   ENSG00000258572  Intergenic   Annotated   lncRNAs   

AL135818.1   chr14   ENSG00000258875  processed_transcript  Annotated   lncRNAs   

AL136295.2   chr14   ENSG00000259321  Intergenic   Annotated   lncRNAs   



  

  
  

243   

AL136295.7   chr14   ENSG00000278784  sense_intronic   Annotated   lncRNAs   

AL137145.2   chr10   ENSG00000215244  Intergenic   Annotated   lncRNAs   

AL138895.1   chr9   ENSG00000235119  Intergenic   Annotated   lncRNAs   

AL139241.1   chr10   ENSG00000230928  antisense_RNA   Annotated   lncRNAs   

AL157394.1   chr10   ENSG00000261438  sense_overlapping   Annotated   lncRNAs   

AL157786.1   chr10   ENSG00000232934  antisense_RNA   Annotated   lncRNAs   

AL158166.1   chr10   ENSG00000227076  sense_intronic   Annotated   lncRNAs   

AL160272.1   chr9   ENSG00000228512  Intergenic   Annotated   lncRNAs   

AL160400.1   chr6   ENSG00000272053  Intergenic   Annotated   lncRNAs   

AL161773.1   chr13   ENSG00000279237  TEC   Annotated   lncRNAs   

AL162274.2   chr10   ENSG00000277959  antisense_RNA   Annotated   lncRNAs   

AL162274.3   chr10   ENSG00000279982  TEC   Annotated   lncRNAs   

AL162414.1   chr9   ENSG00000227531  Intergenic   Annotated   lncRNAs   



  

  
  

244   

AL162586.1   chr9   ENSG00000225032  antisense_RNA   Annotated   lncRNAs   

AL162724.1   chr9   ENSG00000227200  sense_intronic   Annotated   lncRNAs   

AL353593.1   chr1   ENSG00000269890  antisense_RNA   Annotated   lncRNAs   

AL353593.2   chr1   ENSG00000269934  antisense_RNA   Annotated   lncRNAs   

AL353597.1   chr6   ENSG00000227920  Intergenic   Annotated   lncRNAs   

AL353801.2   chr10   ENSG00000234504  antisense_RNA   Annotated   lncRNAs   

AL355076.2   chr14   ENSG00000258760  Intergenic   Annotated   lncRNAs   

AL355102.1   chr14   ENSG00000258412  sense_intronic   Annotated   lncRNAs   

AL355304.1   chr6   ENSG00000232618  Intergenic   Annotated   lncRNAs   

AL355581.1   chr6   ENSG00000227678  antisense_RNA   Annotated   lncRNAs   

AL355816.1   chr1   ENSG00000272982  antisense_RNA   Annotated   lncRNAs   

AL355816.2   chr1   ENSG00000273221  antisense_RNA   Annotated   lncRNAs   

AL356020.1   chr14   ENSG00000258731  antisense_RNA   Annotated   lncRNAs   



  

  
  

245   

AL356124.2   chr6   ENSG00000233351  antisense_RNA   Annotated   lncRNAs   

AL356356.1   chr1   ENSG00000237781  antisense_RNA   Annotated   lncRNAs   

AL357033.3   chr20   ENSG00000276317  antisense_RNA   Annotated   lncRNAs   

AL357033.4   chr20   ENSG00000277496  antisense_RNA   Annotated   lncRNAs   

AL357054.4   chr6   ENSG00000272463  Intergenic   Annotated   lncRNAs   

AL357060.2   chr6   ENSG00000237499  antisense_RNA   Annotated   lncRNAs   

AL357078.3   chr1   ENSG00000272506  Intergenic   Annotated   lncRNAs   

AL357793.1   chr1   ENSG00000226640  Intergenic   Annotated   lncRNAs   

AL359183.1   chr10   ENSG00000279406  TEC   Annotated   lncRNAs   

AL359532.1   chr10   ENSG00000272914  sense_intronic   Annotated   lncRNAs   

AL359962.1   chr1   ENSG00000233411  sense_intronic   Annotated   lncRNAs   

AL359962.2   chr1   ENSG00000273160  Intergenic   Annotated   lncRNAs   

AL365273.1   chr10   ENSG00000240527  sense_intronic   Annotated   lncRNAs   



  

  
  

246   

AL365361.1   chr1   ENSG00000259834  Intergenic   Annotated   lncRNAs   

AL390066.1   chr1   ENSG00000224950  Intergenic   Annotated   lncRNAs   

AL390318.1   chr10   ENSG00000279819  TEC   Annotated   lncRNAs   

AL391425.1   chr10   ENSG00000274461  processed_transcript  Annotated   lncRNAs   

AL391832.3   chr1   ENSG00000258082  Intergenic   Annotated   lncRNAs   

AL450344.1   chr6   ENSG00000224029  sense_intronic   Annotated   lncRNAs   

AL512306.2   chr1   ENSG00000240219  Intergenic   Annotated   lncRNAs   

AL512306.3   chr1   ENSG00000240710  antisense_RNA   Annotated   lncRNAs   

AL513365.2   chr1   ENSG00000225891  antisense_RNA   Annotated   lncRNAs   

AL590764.1   chrX  ENSG00000228427  antisense_RNA   Annotated   lncRNAs   

AL590999.1   chr6   ENSG00000235033  antisense_RNA   Annotated   lncRNAs   

AL591623.1   chr1   ENSG00000225300  sense_intronic   Annotated   lncRNAs   

AL591848.3   chr1   ENSG00000260698  Intergenic   Annotated   lncRNAs   



  

  
  

247   

AL592078.1   chr1   ENSG00000233875  antisense_RNA   Annotated   lncRNAs   

AL596244.1   chr9   ENSG00000261534  sense_overlapping   Annotated   lncRNAs   

AL645568.1   chr1   ENSG00000203739  antisense_RNA   Annotated   lncRNAs   

AL844908.1   chr21   ENSG00000272825  antisense_RNA   Annotated   lncRNAs   

ANKRD44-IT1   chr2   ENSG00000236977  sense_intronic   Annotated   lncRNAs   

AOAH-IT1   chr7   ENSG00000230539  sense_intronic   Annotated   lncRNAs   

AP000662.2   chr11   ENSG00000254602  sense_overlapping   Annotated   lncRNAs   

AP000695.3   chr21   ENSG00000279365  TEC   Annotated   lncRNAs   

AP000763.3   chr11   ENSG00000256448  antisense_RNA   Annotated   lncRNAs   

AP000892.3   chr11   ENSG00000280143  TEC   Annotated   lncRNAs   

AP000919.4   chr18   ENSG00000272625  antisense_RNA   Annotated   lncRNAs   

AP000941.1   chr11   ENSG00000255176  antisense_RNA   Annotated   lncRNAs   

AP000977.1   chr11   ENSG00000246790  antisense_RNA   Annotated   lncRNAs   



  

  
  

248   

AP001528.2   chr11   ENSG00000255471  antisense_RNA   Annotated   lncRNAs   

AP001528.3   chr11   ENSG00000280339  TEC   Annotated   lncRNAs   

AP001962.1   chr4   ENSG00000279913  TEC   Annotated   lncRNAs   

AP002807.1   chr11   ENSG00000255031  antisense_RNA   Annotated   lncRNAs   

AP003354.2   chr8   ENSG00000254281  Intergenic   Annotated   lncRNAs   

AP003557.1   chr11   ENSG00000255299  Intergenic   Annotated   lncRNAs   

AP003716.1   chr11   ENSG00000251637  Intergenic   Annotated   lncRNAs   

AP003717.1   chr11   ENSG00000255847  antisense_RNA   Annotated   lncRNAs   

ARHGAP22-IT1   chr10   ENSG00000248682  sense_intronic   Annotated   lncRNAs   

ARHGAP26-IT1   chr5   ENSG00000230789  sense_intronic   Annotated   lncRNAs   

ASAP1-IT2   chr8   ENSG00000280543  sense_intronic   Annotated   lncRNAs   

BACH1-IT1   chr21   ENSG00000248476  sense_intronic   Annotated   lncRNAs   

BACH1-IT2   chr21   ENSG00000228817  Intergenic   Annotated   lncRNAs   



  

  
  

249   

BFSP2-AS1   chr3   ENSG00000249993  antisense_RNA   Annotated   lncRNAs   

BISPR   chr19   ENSG00000282851  Intergenic   Annotated   lncRNAs   

BX324167.2   chr22   ENSG00000279954  antisense_RNA   Annotated   lncRNAs   

C1orf220   chr1   ENSG00000213057  Intergenic   Annotated   lncRNAs   

C22orf34   chr22   ENSG00000188511  Intergenic   Annotated   lncRNAs   

C8orf31   chr8   ENSG00000177335  processed_transcript  Annotated   lncRNAs   

C9orf139   chr9   ENSG00000180539  antisense_RNA   Annotated   lncRNAs   

CACNA1C-AS1   chr12   ENSG00000246627  antisense_RNA   Annotated   lncRNAs   

CACNA1C-IT3   chr12   ENSG00000256721  sense_intronic   Annotated   lncRNAs   

CADM3-AS1   chr1   ENSG00000225670  antisense_RNA   Annotated   lncRNAs   

CARD8-AS1   chr19   ENSG00000268001  antisense_RNA   Annotated   lncRNAs   

CARMN   chr5   ENSG00000249669  Intergenic   Annotated   lncRNAs   

CHRM3-AS2   chr1   ENSG00000233355  antisense_RNA   Annotated   lncRNAs   



  

  
  

250   

CTD-2270F17.1   chr5   ENSG00000253647  antisense_RNA   Annotated   lncRNAs   

CYTOR  chr2   ENSG00000222041  Intergenic   Annotated   lncRNAs   

DBH-AS1   chr9   ENSG00000225756  antisense_RNA   Annotated   lncRNAs   

DLGAP1-AS1   chr18   ENSG00000177337  antisense_RNA   Annotated   lncRNAs   

DLGAP1-AS2   chr18   ENSG00000262001  antisense_RNA   Annotated   lncRNAs   

DLGAP4-AS1   chr20   ENSG00000232907  antisense_RNA   Annotated   lncRNAs   

DPYD-IT1   chr1   ENSG00000232542  sense_intronic   Annotated   lncRNAs   

EMX2OS   chr10   ENSG00000229847  antisense_RNA   Annotated   lncRNAs   

EPHA1-AS1   chr7   ENSG00000229153  antisense_RNA   Annotated   lncRNAs   

FAM30A   chr14   ENSG00000226777  Intergenic   Annotated   lncRNAs   

FLG-AS1   chr1   ENSG00000237975  antisense_RNA   Annotated   lncRNAs   

FLJ27354   chr1   ENSG00000231999  antisense_RNA   Annotated   lncRNAs   

FLJ31104   chr5   ENSG00000227908  antisense_RNA   Annotated   lncRNAs   



  

  
  

251   

FO393401.1   chr20   ENSG00000230155  antisense_RNA   Annotated   lncRNAs   

FUT8-AS1   chr14   ENSG00000276116  antisense_RNA   Annotated   lncRNAs   

GHRLOS   chr3   ENSG00000240288  antisense_RNA   Annotated   lncRNAs   

GK-IT1   chrX  ENSG00000229331  sense_intronic   Annotated   lncRNAs   

GRK5-IT1   chr10   ENSG00000228485  sense_intronic   Annotated   lncRNAs   

H19   chr11   ENSG00000130600  processed_transcript  Annotated   lncRNAs   

HCP5   chr6   ENSG00000206337  sense_overlapping   Annotated   lncRNAs   

HOXA-AS2  chr7   ENSG00000253552  antisense_RNA   Annotated   lncRNAs   

IFNG-AS1   chr12   ENSG00000255733  antisense_RNA   Annotated   lncRNAs   

ITGB2-AS1   chr21   ENSG00000227039  antisense_RNA   Annotated   lncRNAs   

ITPKB-IT1   chr1   ENSG00000228382  sense_intronic   Annotated   lncRNAs   

LINC-PINT   chr7   ENSG00000231721  antisense_RNA   Annotated   lncRNAs   

LINC002481   chr4   ENSG00000246526  Intergenic   Annotated   lncRNAs   



  

  
  

252   

LINC00299   chr2   ENSG00000236790  Intergenic   Annotated   lncRNAs   

LINC00324   chr17   ENSG00000178977  Intergenic   Annotated   lncRNAs   

LINC00402   chr13   ENSG00000235532  Intergenic   Annotated   lncRNAs   

LINC00426   chr13   ENSG00000238121  Intergenic   Annotated   lncRNAs   

LINC00487   chr2   ENSG00000205837  Intergenic   Annotated   lncRNAs   

LINC00494   chr20   ENSG00000235621  Intergenic   Annotated   lncRNAs   

LINC00528   chr22   ENSG00000269220  Intergenic   Annotated   lncRNAs   

LINC00539   chr13   ENSG00000224429  Intergenic   Annotated   lncRNAs   

LINC00598   chr13   ENSG00000215483  Intergenic   Annotated   lncRNAs   

LINC00649   chr21   ENSG00000237945  antisense_RNA   Annotated   lncRNAs   

LINC00702   chr10   ENSG00000233117  Intergenic   Annotated   lncRNAs   

LINC00861   chr8   ENSG00000245164  Intergenic   Annotated   lncRNAs   

LINC00877   chr3   ENSG00000241163  Intergenic   Annotated   lncRNAs   



  

  
  

253   

LINC00892   chrX  ENSG00000233093  processed_transcript  Annotated   lncRNAs   

LINC00896   chr22   ENSG00000236499  Intergenic   Annotated   lncRNAs   

LINC00921   chr16   ENSG00000281005  Intergenic   Annotated   lncRNAs   

LINC00926   chr15   ENSG00000247982  Intergenic   Annotated   lncRNAs   

LINC00937   chr12   ENSG00000226091  Intergenic   Annotated   lncRNAs   

LINC00944   chr12   ENSG00000256128  Intergenic   Annotated   lncRNAs   

LINC00954   chr2   ENSG00000228784  Intergenic   Annotated   lncRNAs   

LINC00987   chr12   ENSG00000237248  Intergenic   Annotated   lncRNAs   

LINC00996   chr7   ENSG00000242258  Intergenic   Annotated   lncRNAs   

LINC01050   chr13   ENSG00000271216  Intergenic   Annotated   lncRNAs   

LINC01094   chr4   ENSG00000251442  Intergenic   Annotated   lncRNAs   

LINC01126   chr2   ENSG00000279873  Intergenic   Annotated   lncRNAs   

LINC01146   chr14   ENSG00000258867  Intergenic   Annotated   lncRNAs   



  

  
  

254   

LINC01160   chr1   ENSG00000231346  Intergenic   Annotated   lncRNAs   

LINC01197   chr15   ENSG00000248441  Intergenic   Annotated   lncRNAs   

LINC01215   chr3   ENSG00000271856  Intergenic   Annotated   lncRNAs   

LINC01281   chrX  ENSG00000235304  Intergenic   Annotated   lncRNAs   

LINC01336   chr5   ENSG00000250889  Intergenic   Annotated   lncRNAs   

LINC01358   chr1   ENSG00000237352  Intergenic   Annotated   lncRNAs   

LINC01422   chr22   ENSG00000235271  Intergenic   Annotated   lncRNAs   

LINC01422   chr22   ENSG00000223704  Intergenic   Annotated   lncRNAs   

LINC01484   chr5   ENSG00000253686  Intergenic   Annotated   lncRNAs   

LINC01550   chr14   ENSG00000246223  Intergenic   Annotated   lncRNAs   

LINC01588   chr14   ENSG00000214900  Intergenic   Annotated   lncRNAs   

LINC01619   chr12   ENSG00000257242  processed_transcript  Annotated   lncRNAs   

LINC01679   chr21   ENSG00000237989  Intergenic   Annotated   lncRNAs   



  

  
  

255   

LINC01684   chr21   ENSG00000237484  Intergenic   Annotated   lncRNAs   

LINC01772   chr1   ENSG00000226029  Intergenic   Annotated   lncRNAs   

LINC01800   chr2   ENSG00000234572  Intergenic   Annotated   lncRNAs   

LINC01801   chr19   ENSG00000267767  Intergenic   Annotated   lncRNAs   

LINC01857   chr2   ENSG00000224137  Intergenic   Annotated   lncRNAs   

LINC01871   chr2   ENSG00000235576  Intergenic   Annotated   lncRNAs   

LINC01914   chr2   ENSG00000234362  Intergenic   Annotated   lncRNAs   

LINC01934   chr2   ENSG00000234663  Intergenic   Annotated   lncRNAs   

LINC01943   chr2   ENSG00000280721  Intergenic   Annotated   lncRNAs   

LINC02033   chr3   ENSG00000279727  Intergenic   Annotated   lncRNAs   

LINC02084   chr3   ENSG00000272282  Intergenic   Annotated   lncRNAs   

LINC02099   chr8   ENSG00000253490  Intergenic   Annotated   lncRNAs   

LINC02100   chr5   ENSG00000248693  Intergenic   Annotated   lncRNAs   



  

  
  

256   

LINC02202   chr5   ENSG00000245812  Intergenic   Annotated   lncRNAs   

LINC02245   chr2   ENSG00000237638  Intergenic   Annotated   lncRNAs   

LINC02273   chr4   ENSG00000245954  Intergenic   Annotated   lncRNAs   

LINC02325   chr14   ENSG00000246084  Intergenic   Annotated   lncRNAs   

LINC02328   chr14   ENSG00000258733  Intergenic   Annotated   lncRNAs   

LINC02362   chr4   ENSG00000249096  Intergenic   Annotated   lncRNAs   

LINC02384   chr12   ENSG00000251301  Intergenic   Annotated   lncRNAs   

LINC02397   chr12   ENSG00000205056  Intergenic   Annotated   lncRNAs   

LINC02422   chr12   ENSG00000255760  Intergenic   Annotated   lncRNAs   

LINC02446   chr12   ENSG00000256039  Intergenic   Annotated   lncRNAs   

LINC02551   chr11   ENSG00000254842  Intergenic   Annotated   lncRNAs   

LUCAT1   chr5   ENSG00000248323  Intergenic   Annotated   lncRNAs   

MEG3   chr14   ENSG00000214548  Intergenic   Annotated   lncRNAs   



  

  
  

257   

MEG9   chr14   ENSG00000223403  Intergenic   Annotated   lncRNAs   

MIAT   chr22   ENSG00000225783  Intergenic   Annotated   lncRNAs   

MIR100HG   chr11   ENSG00000255248  processed_transcript  Annotated   lncRNAs   

MIR155HG   chr21   ENSG00000234883  Intergenic   Annotated   lncRNAs   

MMP2-AS1   chr16   ENSG00000260135  Intergenic   Annotated   lncRNAs   

MMP25-AS1   chr16   ENSG00000261971  antisense_RNA   Annotated   lncRNAs   

MSTRG.10288   chr1   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.106451   chr18   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.107081   chr19   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.107232   chr19   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.108144   chr19   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.115529   chr2   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.120715   chr2   NA   Novel_Intergenic   Novel   lncRNAs   



  

  
  

258   

MSTRG.125572   chr2   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.125734   chr2   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.129182   chr2   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.129474   chr2   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.133983   chr20   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.13489   chr1   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.137226   chr21   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.137994   chr21   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.139361   chr21   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.142844   chr22   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.142852   chr22   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.143424   chr22   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.143603   chr22   NA   Novel_Intergenic   Novel   lncRNAs   



  

  
  

259   

MSTRG.144049   chr22   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.144329   chr3   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.145377   chr3   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.145392   chr3   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.147468   chr3   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.147886   chr3   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.150102   chr3   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.150110   chr3   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.152804   chr3   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.154000   chr3   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.159261   chr3   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.159809   chr4   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.165346   chr4   NA   Novel_Intergenic   Novel   lncRNAs   



  

  
  

260   

MSTRG.165368   chr4   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.165446   chr4   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.165706   chr4   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.17316   chr1   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.176506   chr4   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.179715   chr5   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.184441   chr5   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.187178   chr5   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.18773   chr1   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.18794   chr1   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.18811   chr1   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.188411   chr5   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.188412   chr5   NA   Novel_Intergenic   Novel   lncRNAs   
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MSTRG.190999   chr6   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.191655   chr6   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.197046   chr6   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.197962   chr6   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.201343   chr6   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.201592   chr6   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.202102   chr6   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.202570   chr6   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.20391   chr1   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.210283   chr7   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.214349   chr7   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.215815   chr8   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.217576   chr8   NA   Antisense   Intronic   Novel   lncRNAs   
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MSTRG.219081   chr8   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.222175   chr8   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.22230   chr1   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.22231   chr1   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.22253   chr1   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.224171   chr8   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.226619   chr9   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.228278   chr9   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.231549   chr9   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.231602   chr9   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.231604   chr9   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.234620   chr9   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.235204   chr9   NA   Novel_Intergenic   Novel   lncRNAs   
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MSTRG.237566   chr9   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.237683   chr9   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.243701   chrX  NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.246513   chrX  NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.24814   chr1   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.28873   chr10   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.30501   chr10   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.32077   chr10   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.32233   chr10   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.32600   chr10   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.32939   chr10   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.34232   chr10   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.37798   chr11   NA   Antisense   Exonic   Novel   lncRNAs   
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MSTRG.37975   chr10   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.41457   chr11   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.45689   chr11   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.47108   chr11   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.47861   chr11   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.47928   chr11   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.49951   chr11   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.50720   chr12   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.51465   chr12   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.51467   chr12   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.53744   chr12   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.53753   chr12   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.53755   chr12   NA   Antisense   Intronic   Novel   lncRNAs   
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MSTRG.53756   chr12   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.53757   chr12   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.53758   chr12   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.55870   chr12   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.56715   chr12   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.57561   chr12   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.58179   chr12   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.62392   chr13   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.66214   chr13   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.71459   chr14   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.73030   chr12   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.75221   chr14   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.78432   chr15   NA   Antisense   Intronic   Novel   lncRNAs   
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MSTRG.78591   chr15   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.81534   chr15   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.81610   chr15   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.84843   chr16   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.87407   chr16   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.91976   chr17   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.9439   chr1   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.95350   chr17   NA   Novel_Intergenic   Novel   lncRNAs   

MSTRG.95384   chr17   NA   Antisense   Intronic   Novel   lncRNAs   

MSTRG.96856   chr17   NA   Antisense   Exonic   Novel   lncRNAs   

MSTRG.98426   chr18   NA   Antisense   Intronic   Novel   lncRNAs   

MYHAS   chr17   ENSG00000272975  antisense_RNA   Annotated   lncRNAs   

NPTN-IT1   chr15   ENSG00000281183  sense_intronic   Annotated   lncRNAs   
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NRIR   chr2   ENSG00000225964  antisense_RNA   Annotated   lncRNAs   

PCED1B-AS1   chr12   ENSG00000247774  processed_transcript  Annotated   lncRNAs   

PIK3IP1-AS1   chr22   ENSG00000228839  antisense_RNA   Annotated   lncRNAs   

PPP3CB-AS1   chr10   ENSG00000221817  processed_transcript  Annotated   lncRNAs   

PRKCQ-AS1   chr10   ENSG00000237943  processed_transcript  Annotated   lncRNAs   

PSMB8-AS1   chr6   ENSG00000204261  Intergenic   Annotated   lncRNAs   

PSMD6-AS2   chr3   ENSG00000239653  antisense_RNA   Annotated   lncRNAs   

RABGAP1L-IT1   chr1   ENSG00000223525  sense_intronic   Annotated   lncRNAs   

RNF216-IT1   chr7   ENSG00000237738  sense_intronic   Annotated   lncRNAs   

RORA-AS1   chr15   ENSG00000245534  antisense_RNA   Annotated   lncRNAs   

RPS6KA2-IT1   chr6   ENSG00000232082  sense_intronic   Annotated   lncRNAs   

RRN3P2   chr16   ENSG00000103472  processed_transcript  Annotated   lncRNAs   

SDCBP2-AS1   chr20   ENSG00000234684  antisense_RNA   Annotated   lncRNAs   
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SENCR   chr11   ENSG00000254703  antisense_RNA   Annotated   lncRNAs   

SERPINB9P1   chr6   ENSG00000230438  Intergenic   Annotated   lncRNAs   

SMIM25   chr20   ENSG00000224397  Intergenic   Annotated   lncRNAs   

SPAG5-AS1   chr17   ENSG00000227543  processed_transcript  Annotated   lncRNAs   

TBX5-AS1   chr12   ENSG00000255399  antisense_RNA   Annotated   lncRNAs   

TCL6   chr14   ENSG00000187621  processed_transcript  Annotated   lncRNAs   

TMC3-AS1   chr15   ENSG00000259343  antisense_RNA   Annotated   lncRNAs   

TNFRSF14-AS1   chr1   ENSG00000238164  antisense_RNA   Annotated   lncRNAs   

TNK2-AS1   chr3   ENSG00000224614  antisense_RNA   Annotated   lncRNAs   

TNRC6C-AS1   chr17   ENSG00000204282  processed_transcript  Annotated   lncRNAs   

TRG-AS1   chr7   ENSG00000281103  antisense_RNA   Annotated   lncRNAs   

TSPOAP1-AS1   chr17   ENSG00000265148  antisense_RNA   Annotated   lncRNAs   

U62317.5   chr22   ENSG00000273272  Intergenic   Annotated   lncRNAs   
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U73169.1   chr3   ENSG00000213600  sense_intronic   Annotated   lncRNAs   

USP30-AS1   chr12   ENSG00000256262  antisense_RNA   Annotated   lncRNAs   

Z84484.1   chr6   ENSG00000224666  antisense_RNA   Annotated   lncRNAs   

Z84723.1   chr16   ENSG00000260803  processed_transcript  Annotated   lncRNAs   

Z95114.3   chr22   ENSG00000279805  TEC   Annotated   lncRNAs   

Z98044.1   chr1   ENSG00000281937  Intergenic   Annotated   lncRNAs   

Z99289.2   chr6   ENSG00000270661  Intergenic   Annotated   lncRNAs   

ZBTB20-AS1   chr3   ENSG00000241560  antisense_RNA   Annotated   lncRNAs   
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