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Las conexiones de la enfermedad de Alzheimer: ¿Dónde están? 
Análisis desde la Proteómica cuantitativa

The Alzheimer’s connection: Where is it? Insights from Quantitative Proteomics
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El diagnóstico de la EA es enteramente 
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2. ETIOLOGÍA  
DE LA ENFERMEDAD DE ALZHEIMER
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demostrarse*m?*!?*h?()?(*Z

Existen diferencias estructurales entre las 

O8;A7=B>@"/O;#2" W"/O;# " RI7" O;F8=>B" A7B78"
7T7HA;@" O;A7BH:>D7@" 7B" D>" >O>8:H:YB" F7" #/Z"
/O;#2"7@A:UID>"7D"H87H:U:7BA;"F7"D>@"F7BF8:A>@"
W" D>" OD>@A:H:F>F" B7I8;B>D?" D>" 7D:U:B>H:YB" F7D"
H;D7@A78;D" W"F7D"OXOA:F;"r%>U:D;:F7" 3/r4?" A:7B7"
7T7HA;">BA:;]:F>BA7?"O87\:7B7"D>"T;@T;8:D>H:YB"F7"
D>"O8;A7=B>"A>I"W"O87\:7B7"7D"F7A78:;8;"H;9B:A:\;a"
O;8"@I"O>8A7"/O;# ":BV:P7"7D"H87H:U:7BA;"F7"D>@"
F7BF8:A>@?" O8;FIH7" 8IOAI8>" F7D" H:A;7@RI7D7A;?"
>IU7BA>" D;@" F7OY@:A;@" F7"/r" W" O8;O:H:>" D>@"
TI9>@"D:@;@;U>D7@":BFIH:F>@"O;8"/r"W">O;OA;@:@?"
87FIH7" 7D" 87H7OA;8" F7" >BF8Y97B;@?" 7@A:UID>"
D>" T;@T;8:D>H:YB" F7" D>" O8;A7=B>" A>I" W" H>I@>"
deterioro cognitivo*KZ"e;F>@"D>@"F:T787BH:>@"7BA87"
O78@;B>@"H;B"/O;#(?"/O;#2"W"/O;# "@I897B"
F7"D>@"\>8:>H:;B7@"7B"D>"@7HI7BH:>"O8:U>8:>"F7"
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7@A>@" O8;A7=B>@?" D>@" HI>D7@" H;B@:@A7B" 7B" IB>"
\>8:>H:YB"U=B:U>"7B"D>@"O;@:H:;B7@"**("W"*K!?"
>@=5"/O;#("A:7B7"87@:FI;@"F7"H:@A7=B>"7B">UP>@"
O;@:H:;B7@?"/O;#2"A:7B7"H:@A7=B>"7B"D>"O;@:H:YB"
**("W">89:B:B>"7B"D>"*K!?"W"/O;# "A:7B7">89:B:B>@"
7B">UP>@"O;@:H:;B7@*N"3[:9I8>@"*"W"(4Z

Figura 1." -UQ97B7@" H;UO>8>A:\>@" F7" D>@"
7@A8IHAI8>@"/O;#(?"/O;#2"W"/O;# ?"RI7":BF:H>B"
D>@"O;@:H:;B7@"**("W"*K!Z".:@A7=B>"3.W@4">O>87H7"
7B"H;D;8"\78F7"W"/89:B:B>"3/894"7B">U>8:DD;Z"E>@"
:UQ97B7@" TI78;B" 87>D:M>F>@" H;B"+;D\:7_78s"
F7"+>AD>Ps"W"D>@"7@A8IHAI8>@"TI78;B";PA7B:F>@"
F7"08;A7:B",>A>"1>Bl" 3VAAO5^^___Z8H@PZ;89^4" W"
@I@" 87T787BH:>@" 87@O7HA:\>@" @;B"*$[C?"*$[$"
W"*t6hZ

E>"O87F:@O;@:H:YB"H;B;H:F>"O>8>"D>">O>8:H:YB"
F7" #/" >@;H:>F>" H;B" D>" O87@7BH:>" F7" 97B7@"
de APOE?"PSEN1 y 2 y APP?" V>" O78U:A:F;"
D>" H87>H:YB" F7" U;F7D;@" >B:U>D7@" O>8>" 7D"
7@AIF:;" F7" 7@A>" 7BT78U7F>FZ"'A:D:M>BF;" IB;"
F7" 7@A;@"U;F7D;@?" D;@" 8>A;B7@" VIU>B:M>F;@"
H;B" 877UOD>M;" F:8:9:F;" F7"APOE" VIU>B;22?"
7BH;BA8>U;@" RI7" D>@" F:@A:BA>@" :@;T;8U>@"
F7" D>"+;8A>D:B>?" D>" HV>O78;B>"U:A;H;BF8:>D"
b@Om)"3UAb@Om)4?"@7"7]O87@>B"W"@7"T;@T;8:D>B"
F:T787BH:>DU7BA7" 7B" 7D" V:O;H>UO;"F7" 8>A;B7@"
APOE4/4" H;UO>8>F;@" H;B" 8>A;B7@"APOE3/3. 

0;@A78:;8U7BA7?"V:H:U;@"D>"U:@U>"H;UO>8>H:YB"
H;B"H787P8;@"F7"O>H:7BA7@"H;B"#/"H;B"97B;A:O;@"
APOE3/3 y APOE4/4 y con individuos normales 

@:B" #/" H;U;" H;BA8;DZ" 67" 7BH;BA8Y" 7D"U:@U;"
O>A8YB"F7"7]O87@:YB"F:T787BH:>D"O>8>"D>"+;8A>D:B>"
O;8"D;"RI7"@7"O;@AID>"RI7"D>"7]O87@:YB"F7"7@A>"
O8;A7=B>"7B"7D"V:O;H>UO;"F7"O>H:7BA7@"H;B"#/"
7@"879ID>F>"O;8"7D"97B;A:O;"APOE?"7@"F7H:8?"@7"
:BS787"RI7"X@A7"7@"IB"U7H>B:@U;"F7"F7T7B@>"
H7DID>8"H;U;"87@OI7@A>">D":BH87U7BA;"F7D"7@A8X@"
oxidativo22Z

CA8;@"T>HA;87@"F7"8:7@9;"O>8>"D>">O>8:H:YB"F7"#/"
incluyen altos niveles de colesterol23?"7D"H;UOD7<;"
>O;# %gE,E"3Very Low Density Lipoprotein4"7B"
D>":BV:P:H:YB"F7"D>">HA:\:F>F">BA:>O;OAYA:H>"F7"D>@"
b,E" 3High Density Lipoprotein4"W" D>" :B`I7BH:>"
F7"7@A7"7T7HA;"7B"D>">O>8:H:YB"F7"7BT78U7F>F7@"
como aterosclerosis( " W" @I" >HA:\:F>F" @;P87" D>"
fosfoinositol fosfatasa(K?"H;B@:F78>F>"IB"T>HA;8"
F7"8:7@9;":BF7O7BF:7BA7"O>8>",+%--?"V:O78A7B@:YB"
W";P7@:F>FZ

3. DESARROLLO  
DE LA ENFERMEDAD DE ALZHEIMER

67Dl;7"3())24(N"F7@H8:P7"7D"O>O7D"F7D"OD79>U:7BA;"
>B;8U>D"F7">D9IB>@"O8;A7=B>@"7B"D>"O>A;9XB7@:@"
F7" \>8:>@" 7BT78U7F>F7@Z" #B" H;BF:H:;B7@"
B;8U>D7@" 7@A>@" O8;A7=B>@" @;B" @7H87A>F>@" 7B"
T;8U>"@;DIPD7"O78;?"O;8"U;F:SH>H:;B7@"7B" D>@"
@7HI7BH:>@"F7">U:B;QH:F;@?" A:7BF7B">" T;8U>8"
>9879>F;@" ;" T:P8:DD>@" >DA>U7BA7" 7@A>PD7@" 7B"
7D" 7@O>H:;" 7]A8>H7DID>8" RI7">DA78>B" D>" TIBH:YB"
H7DID>8Z"/D9IB>@" F7" 7@A>@" 7BT78U7F>F7@" @;B"
>U:D;:F;@:@"@:@AXU:H>"O8:U>8:>?"U:7D;U>"UkDA:OD7?"

E>@"H;B7]:;B7@"F7"D>"7BT78U7F>F"F7"/DMV7:U785"i,YBF7"7@AQBj"/BQD:@:@"F7@F7"D>"08;A7YU:H>"HI>BA:A>A:\>
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F:>P7A7@"O>BH87QA:H>?"#/?"6=BF8;U7"F7",;_BW"W"
7BT78U7F>F"F7"0>8l:B@;BZ"#B"D>"7BT78U7F>F"F7"
bIBA:B9A;B"W"D>"/A>]:>".787P8;7@O:B>D"[>U:D:>8"
@7" O87@7BA>B" F7OY@:A;@" H:A;OD>@UQA:H;@" F7"
@7HI7BH:>@"F7"9DIA>U:B>"RI7"@7"87O:A7BZ"

E>" #/" 7@" 7D" kB:H;" F7@;8F7B" B7I8;DY9:H;"
RI7" O87@7BA>" F7OY@:A;@" :BA8>H7DID>87@" 3A>I4"
W" 7]A8>H7DID>87@" 3/r4" F7" O8;A7=B>@Z" 67" V>B"
7BH;BA8>F;"UIA>H:;B7@"V787F:A>8:>@"7B"/00";"7B"
IB>"F7"D>@"O8;A7>@>@"3O87@7B:D:B>^u%@7H87A>@>4"
RI7">HAk>"@;P87"/00"O>8>"D:P78>8"/r"W"RI7"H>I@>"
#/"F7":B:H:;"A7UO8>B;(mZ"

679kB" 67Dl;7" W" 0;FD:@BW" 3())(4(m?" IB>"
@7HI7BH:>"V:O;AXA:H>"F7"D;@"O>@;@"O>A;9XB:H;@"
F7" D>@" T;8U>@" T>U:D:>87@" F7"#/"O;F8=>" @78" D>"
@:9I:7BA75"*4"UIA>H:;B7@"7B"D;@"97B7@"F7"APP?"
PSEN1 y PSEN2a" (4" O8;A7YD:@:@" >DA78>F>" F7"
APPa" 24" O8;FIHH:YB" :BH87U7BA>F>"F7"/r

 (
a"  4"

>HIUID>H:YB"W">9879>H:YB"O8;987@:\>@"F7"/r
 (

 

7B"7D"D=RI:F;":BA78@A:H:>D"F7D"H787P8;a"K4"F7OY@:A;@"
F7" >9879>F;@" F7"/r

 (
" 7B" T;8U>" F:TI@>a" N4"

>9879>H:YB"F7"/r
 )
"@;P87"OD>H>@"F:TI@>@"F7"/r

 (
 

W"@;P87"O;@:H:YB"F7"H:78A>@"O8;A7=B>@">@;H:>F>@"

>" D>@"OD>H>@" 3H;UOD7U7BA;"H*R?"O;8"7<7UOD;4a"
m4"87@OI7@A>":B`>U>A;8:>?">HA:\>H:YB"U:H8;9D:>D?"
D:P78>H:YB"F7"H:A;RI:B>@?">@A8;H:A;@:@"W"D:P78>H:YB"
F7"O8;A7=B>@"F7"T>@7">9IF>a"!4"D7@:YB"F7BF8=A:H>"
O8;987@:\>"F7BA8;"F7"D>@"OD>H>@"F7">U:D;:F7a"h4"
8IOAI8>"F7"D>"V;U7;@A>@:@" :YB:H>"W"U7A>PYD:H>"
B7I8;B>D" W"F>G;";]:F>A:\;a"*)4">HA:\:F>F7@"F7"
l:B>@>^T;@T>A>@>" >DA78>F>@?" V:O78T;@T;8:D>H:YB"
F7" D>" O8;A7=B>" A>I" W" T;8U>H:YB" F7" SD>U7BA;@"
V7D:H;:F>D7@" O>87>F;@a" **4" D7@:YB" B7I8;B>D" W"
F7BF8=A:H>"F:TI@>"W"UI78A7"H7DID>8"7B"V:O;H>UO;"
W" H;8A7M>" H787P8>D" H;B" FXT:H:A" O8;987@:\;" F7"
B7I8;A8>B@U:@;87@a"W"*(4"F7U7BH:>Z"

4. ENFERMEDAD  
DE ALZHEIMER Y ESTRÉS OXIDATIVO

,7" >HI78F;" H;B" 7D" 7@AIF:;" F7"o7DD78"et al. 

3())K4(!"7D"F>G;";]:F>A:\;"F7"D=O:F;@?"O8;A7=B>@"
W"/,$";HI887"7B"D>@"O8:U78>@"7A>O>@"F7"D>"#/?"
7":BHDI@;"OI7F7";HI88:8"7B"D>@"T>@7@"O87HD=B:H>@a"
y se relaciona con deterioro cognitivo leve y 

>DA78>H:YB" 7B" D>"U7U;8:>" \78P>DZ" #B" D>" #/?"
D;@" >@A8;H:A;@" W" D>"U:H8;9D:>" >HA:\>F>" D:P78>B"

Figura 2."/D:B7>H:YB"F7"D>@"@7HI7BH:>@"F7"/O;#(?"/O;#2"W"/O;# "RI7"87@>DA>B"D>@"O;@:H:;B7@"**("
W"*K!"7B" D>@"RI7"@7"O87@7BA>B" D;@"H>UP:;@"RI7"F7A78U:B>B"D>@"\>8:>H:;B7@"TIBH:;B>D7@"7BA87" D>@"
:@;T;8U>@"F7"D>@"O8;A7=B>@Z"E>":U>97B"TI7"87>D:M>F>"H;B"+IDA:>D:9B"\:7_78"F7"+>AD>Ps"W"@7"7]A8><78;B"
D>@"@7HI7BH:>@";PA7B:F>@"F7"08;A7:B",>A>"1>Bl"W"@I@"87T787BH:>@"87@O7HA:\>@"@;B"*$[C?"*$[$"W"
*t6hZ
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8>F:H>D7@"D:P87@"W"T>HA;87@":B`>U>A;8:;@Z"#D"F>G;"
;]:F>A:\;"W"D>"@7B@:P:D:F>F">D"7@A8X@";]:F>A:\;"@7"
:BH87U7BA>B"H;B"D>"7F>FZ"#B"D>"#/?"D>@"\=>@"W"
U7H>B:@U;@";]:F>A:\;@" :BHDIW7B"O78;]:F>H:YB"
F7" D=O:F;@?";]:F>H:YB"F7"O8;A7=B>@"W"F7D"/,$Z"
#D" :BH87U7BA;" 7B" D>" O78;]:F>H:YB" F7" D=O:F;@"
O87H7F7">"D>"T;8U>H:YB"F7"OD>H>@"F7">U:D;:F7"7B"
modelos animales de EA*KZ"E>@"OD>H>@">U:D;:F7@"
7]A8>H7DID>87@?"D;@"$[e"W"D>"OX8F:F>"F7"B7I8;B>@"
H;D:BX89:H>@"7B"7D"H787P8;"@;B"7D" 87@IDA>F;"F7"
>B;8U>D:F>F7@"7B"7D"U7A>P;D:@U;"F7"D;@"D=O:F;@"W"
O78;]:F>H:YB"W"OI7F7"@78"H>I@>F>";"7]>H78P>F>"
O;8"/r*KZ" E>@" :@;T;8U>@" F7"/O;#" OI7F7B"
:B`I7BH:>8"7@O7H=SH>U7BA7"D>"F:@A8:PIH:YB"H7DID>8"
F7"O8;FIHA;@"F7"D>"O78;]:F>H:YB"F7"D=O:F;@"7B"7D"
H787P8;"W">WIF>8">"D>"7@A8>A:SH>H:YB"F7D"8:7@9;"
F7"#/">@;H:>F>"H;B"/O;# (!?(hZ

E>@"U:A;H;BF8:>@" @;B" TI7BA7@" F7" 8>F:H>D7@"
W"O87HI8@;87@";]:F>A:\;@"7B"T;8U>"F7"C(%?"RI7"
O;8" >HH:YB" F7" D>" @IO78Y]:F;" F:@UIA>@>" @7"
A8>B@T;8U>B"7B"b

2
C

2 
RI7"7@"F:TI@:PD7"W"7@A>PD7"W"

A78U:B>"O8;FIH:7BF;"8>F:H>D7@"V:F8;]:D;">"A8>\X@"
F7";A8>@"87>HH:;B7@?"D>"O8;FIHH:YB"F7"X@A;@"7@AQ"
D:9>F>">D"U7A>P;D:@U;Z"67";P@78\>";]:F>H:YB"F7D"
/,$"U:A;H;BF8:>D"3UA/,$4"7B"D>"H;8A7M>"O>8:7A>D"
F7" O78@;B>@" H;B" #/" W" 7B" >BH:>B;@" @>B;@Z"
,7" :9I>D"U>B78>?" @7" ;P@78\>" :BH87U7BA;" F7D"
UA/,$"7B"D;@"BkHD7;@"F7"B7I8;B>@"F7"O78@;B>@"
@I@H7OA:PD7@"F7"F7@>88;DD>8"#/"D;"RI7"O8;FIH7"
IB":BH87U7BA;"F7D"O;A7BH:>D";]:F>A:\;(!Z"

67" V>" O;@AID>F;"RI7"7D" 7@A8X@" ;]:F>A:\;?" D>"
F7OD7H:YB" F7" 7B789=>?" D>" 7]H:A;A;]:H:F>F" W" D>"
O>A;D;9=>" 7BF;A7D:>D" \>@HID>8" O>8A:H:O>B" 7B"
D>" O>A;9XB7@:@" F7" D>" #/Z" .I>BF;" 7D" 7@A8X@"
;]:F>A:\;"7@">HA:\>F;?"D>@"7BM:U>@">BA:;]:F>BA7@"
@7":BH87U7BA>B"W"7D"U7A>P;D:@U;":BA78U7F:>8:;"
@7"F7@OD>M>">D"H:HD;"F7"D>"O7BA;@>"T;@T>A;"O>8>"
O8;U;\78" D>" F7@:BA;]:H>H:YB" 87FIHA;8>?" D>"
87O>8>H:YB" W" D>" P:;@=BA7@:@Z" #B" 7D" H787P8;" F7"
O>H:7BA7@" H;B"#/" @7" V>B" 7BH;BA8>F;" \>8:;@"
O8;FIHA;@" F7" D>" ;]:F>H:YB" F7" QH:F;@" 98>@;@"
3v2?" vN4?" 7BA87" 7DD;@" 7D" A8>B@% %V:F8;]:%(%
V7]7B>D" 3b$#4" W" >H8;D7=B>?" RI7" :BV:P7B" D;@"
A8>B@O;8A>F;87@" F7" D>"U7UP8>B>" OD>@UQA:H>?"
7D" 7B@>UPD><7" F7"U:H8;AkPID;@" W" D>" TIBH:YB"
U:A;H;BF8:>DZ"#D"b$#":BV:P7"D>"H;D:B>"A8>B@T78>@>?"
87@O;B@>PD7" F7" D>" @=BA7@:@" F7" >H7A:DH;D:B>Z"#D"

U>D;BF:>DF7V=F;?"O8;FIHA;"F7"D>"O78;]:F>H:YB"F7"
D=O:F;@?"@7"V>":F7BA:SH>F;"7B"7D"DYPID;"A7UO;8>D"
7B" D>@" O8:U78>@" T>@7@" F7" D>" #/" O78;" B;" 7B"
;A8>@" 879:;B7@" F7D" H787P8;Z"e>UP:XB" @7" V>B"
7BH;BA8>F;" O8;FIHA;@" F7" D>" O78;]:F>H:YB" F7D"
QH:F;">8>RI:FYB:H;"7B"7D"H787P8;"W"E.d2)?2*Z

#D"F>G;";]:F>A:\;"F7"D>@"O8;A7=B>@"@7"F7A78U:B>"
O;8"D>"97B78>H:YB"F7"98IO;@"H>8P;B:D;(hZ"+IHV>@"
F7"D>@"O8;A7=B>@";]:F>F>@"7B"D>"#/"@7"7BHI7BA8>B"
relacionadas con la glicólisis y la generación 

F7"/e0?" 7@A;" ;HI887" A7UO8>B;" >D" :B:H:;" F7" D>"
7BT78U7F>F"7B"879:;B7@"F7D"H787P8;"\IDB78>PD7@"
W" @7" 87D>H:;B>" H;B" F7A78:;8;" H;9B:A:\;" D7\7?"
>H;UO>G>F;"F7"9DIH;@:D>H:YB"B;"7BM:UQA:H>"F7"
O8;A7=B>@";]:F>F>@2)?2(Z

.;U;"87@OI7@A>">D"7@A8X@";]:F>A:\;"@7"O8;FIH7"
IB" >IU7BA;" F7" D>" >HA:\:F>F" >BA:;]:F>BA7Z" 67"
7BHI7BA8>B?"O;8"7<7UOD;?"B:\7D7@":BH87U7BA>F;@"
F7" 9DIA>A:YB" O78;]:F>@>" RI7" F7A;]:T:H>" 7D"
b

2
C

2
?" @IO78Y]:F;" F:@UIA>@>" RI7" H;B\:78A7"

7D"C(%" 7B"b
2
C

2
?" V7U;]:97B>@>%*" 3b605"heat 

shock protein4" RI7" H;B\:78A7" 7D" 98IO;" V7U;"
O8;;]:F>BA7" 7B" P:D:\78F:B>" RI7" 7@" 87FIH:F>"
>" P:D:88IP:B>" >BA:;]:F>BA7Z" #D" 98IO;" V7U;" 7@"
D:P78>F;" F7" D>" H:A;H8;U;" ;]:F>@>" O;8" F>G;"
U:A;H;BF8:>DZ"E>@">DF;%l7A;87FIHA>@>@"A>UP:XB"
@7" :BH87U7BA>B"W">WIF>B">"F7A;]:SH>8"b$#"W"
>H8;D7=B>Z"E>"@IHH=B:H;"@7U:">DF7V=F;"87FIHA>@>"
se incrementa y aumenta la concentración de 

9>UU>" V:F8;]:PIA:8>A;" 3tb14Z" E>" 9DIH;@>%N%
T;@T>A;"F7@V:F8;97B>@>"3tN0,b4"@7"7BHI7BA8>"
:BH87U7BA>F>" 7B" 7D" H787P8;" F7" O>H:7BA7@"
H;B"#/" W" 97B78>" 7D"$/,0b" 87RI78:F;" H;U;"
H;T>HA;8"O>8>"D>@"7BM:U>@">BA:;]:F>BA7@"W"O>8>"
D>"8797B78>H:YB"F7"9DIA>A:YB"t6b(h?2)?2(Z

#D"/r"A:7B7"H>O>H:F>F"O>8>"97B78>8"8>F:H>D7@"
D:P87@?">DA78>8"D>"V;U7;@A>@:@"F7D"H>DH:;":BA8>H7DID>8?"
F:@U:BI:8"7D"U7A>P;D:@U;"F7"D>"7B789=>"W"F>G>8"
7D"7BF;A7D:;"\>@HID>8?">F7UQ@?">T7HA>"D>"TIBH:YB"
F7"D>@"B7I8;B>@"H;D:BX89:H>@?"D:9>"U7A>D7@"W"D;@"
A8>B@D;H>">"A8>\X@"F7"D>"U7UP8>B>"H7DID>8"F;BF7"
alteran la función de otros canales iónicos e inicia 

D>" O78;]:F>H:YB" F7" D=O:F;@Z" E;@" >BA:;]:F>BA7@"
H;U;"D>"\:A>U:B>"#?">D"PD;RI7>8"D;@"H>B>D7@"F7"
H>DH:;?"O8;A797B"F7"D>"A;]:H:F>F"in vitro y la muerte 

:BFIH:F>"O;8"/rZ"E;@"F7OY@:A;@"A7UO8>B;@"F7"/r"

E>@"H;B7]:;B7@"F7"D>"7BT78U7F>F"F7"/DMV7:U785"i,YBF7"7@AQBj"/BQD:@:@"F7@F7"D>"08;A7YU:H>"HI>BA:A>A:\>
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F:@O>8>B" D>" T;8U>H:YB" F7" O78Y]:F;@" AY]:H;@?"
PD;RI7>B"D>"O8;FIHH:YB"F7"7B789=>"W"F>G>B"D;@"
A8>B@O;8A>F;87@"F7"9DIH;@>32Z

E>"7BA8>F>"F7"H>DH:;?"D>"F7O87@:YB"F7"D>">HA:\:F>F"
de la Na+^o+ /e0>@>"W"b$#"OI7F7B">DA78>8"7D"
:BA78H>UP:;" F7" 9DIA>U>A;" 7B" B7I8;B>@" RI7"
usan este neurotransmisor como los astrocitos 

H;8A:H>D7@?"O>8A:HID>8U7BA7"7B"O87@7BH:>"F7"/rZ"
#D"7]H7@;"F7"9DIA>U>A;"7B"D>"@:B>O@:@">DA78>"7D"
A8>B@O;8A7"F7"D>"H:@A7=B>"W"O8;UI7\7"D>"F7OD7H:YB"
F7"t6b"W"H;BFIH7">D">IU7BA;"F7"D;@"B:\7D7@"F7"
O78Y]:F;"A:@ID>8Z"E>@"B7I8;B>@"\IDB78>PD7@"7B"D>"
#/"@7"O8;A797B"HI>BF;"@7">IU7BA>"7D"BkU78;"
F7" 87H7OA;87@" 9DIA>U>A;"U7A>P;A8YO:H;@" F7D"
98IO;"--?"D;"RI7":BV:P7"D>"D:P78>H:YB"F7"9DIA>U>A;"
W"O87\:7B7"D>"D7@:YB"O;8"7]H:A;A;]:H:F>F32Z

#B"7D"H787P8;"H;B"#/"@7";P@78\>" 87FIHH:YB"
de la actividad de la sintetasa de glutamina 

9D:>D"W"87FIHH:YB"@:9B:SH>A:\>"F7"D>">HA:\:F>F"F7D"
A8>B@O;8A>F;8" F7"9DIA>U>A;Z"67"V>";P@78\>F;"
>IU7BA;"F7D"9DIA>U>A;"7B"7D"H787P8;?"7B"7A>O>@"
A7UO8>B>@"F7" D>" 7BT78U7F>F?" D;" RI7"O8;FIH7"
alteración de las conexiones corticales y 

O;@A78:;8"87FIHH:YB"F7"D;@"B:\7D7@"F7"9DIA>U>A;Z"
E;@" O8;FIHA;@" F7" D>" O78;]:F>H:YB" F7" D=O:F;@?"
H;U;"b$#"W">H8;D7=B>?"O8;FIH7B"D7@:YB"W"UI78A7"
H7DID>8">D"87FIH:8"7D"U7A>P;D:@U;"F7"D>"7B789=>Z"
E;@">DF7V=F;@"AY]:H;@":BA78S787B"H;B"D>"TIBH:YB"
U:A;H;BF8:>D"W"H;B"D>"IA:D:M>H:YB"F7"D>"9DIH;@>Z"
#D"b$#"@7"IB7">D" A8>B@O;8A>F;8"F7" D>"9DIH;@>"
B7I8;B>D"W"87FIH7"7D"A8>B@O;8A7"F7"D>"U:@U>"W"
D>"O8;FIHH:YB"F7"/e032Z"

#D"/r"D7@:;B>"A>UP:XB"7D"7BF;A7D:;"\>@HID>8"W"
97B78>"98>BF7@"H>BA:F>F7@"F7"@IO78Y]:F;?"7@A7"
8>F:H>D"OI7F7">HAI>8"@;P87"7D"Y]:F;"B=A8:H;?"IB"
T>HA;8"87D><>BA7"F78:\>F;"F7D"7BF;A7D:;?"W"O8;FIH:8"
O78;]:B:A8:A;?" IB" O;A7BA7" >97BA7" ;]:F>BA7" RI7"
:B:H:>"D>"H>F7B>"F7"F>G;@"F7"D>"O78;]:F>H:YB"F7"
D=O:F;@?"D;"RI7"87FIH7"D>"87@OI7@A>"\>@;F:D>A>F;8>"
F7"D>">H7A:DH;D:B>"W"7D"`I<;"@>B9I=B7;?"87FIH7"7D"
U7A>P;D:@U;"7B789XA:H;"W"H>I@>"7@A8X@";]:F>A:\;Z"
#D"7T7HA;"H;BA8>8:;"A>UP:XB"@7";P@78\>"W>"RI7"7D"
7@A8X@";]:F>A:\;"7@"IB":BFIHA;8"F7"D>"7]O87@:YB"
F7"/00"H;B"D>"H;B@7HI7BA7"O8;FIHH:YB"F7"/rZ"
E>"/00"7@"IB"87>HA>BA7"F7"T>@7">9IF>"RI7"7@"
879ID>F>"7B"D>@"B7I8;B>@?">@A8;H:A;@"W"U:H8;9D:>"

7B"87@OI7@A>">"D>":B`>U>H:YB"W">D"7@A8X@"H7DID>8"
O;8" D7@:YB" >];B>D?" 7@A8X@" 7]H:A;AY]:H;?" 7@A8X@"
;]:F>A:\;"W"7B\7<7H:U:7BA;Z"E>"O8;FIHH:YB"F7"/r"
>"O>8A:8"F7"/00"7B"H;BH7BA8>H:;B7@"S@:;DY9:H>@"
7@AQ"F:8:9:F>">"87FIH:8"7D"7@A8X@"B7I8;B>D?"O87\7B:8"
D>"UI78A7" H7DID>8?" O8;U;\78" 7D" H87H:U:7BA;"F7"
dendritas y la regeneración tisular32Z"

.;"7D"I@;"F7"O8;A7YU:H>"F7"Y]:F;%87FIHH:YB"
3Redox proteomics4"@7"V>B":F7BA:SH>F;"O8;A7=B>@"
;]:F>F>@" 7B" H787P8;@" H;B"#/?" :BHDIW7BF;" D>"
O8;A7=B>"87D>H:;B>F>"H;B"D>"F:V:F8;"O:8:U:B:F>@>"
3,d0(?"dihydro pyriminidase related protein 

24?" p%7B;D>@>?" O8;A7=B>" F7" HV;RI7" AX8U:H;"
m*" 3b@Hm*4?" H87>A:B>" l:B>@>" 11" 3.o%114?"
9DIA>U:B>"@:BA7A>@>" 3t64"W"IP:Rw:A:B>" H>8P;]:%
A78U:B>D"V:F8;D>@>"E*" 3'.bE%*4?"O7OA:F:D%O8;D:D%
cis?" A8>B@:@;U78>@>" *" 30:B*4?" A8:;@>" T;@T>A;"
:@;U78>@>" 3e0-4" W" >BV:F8>@>" H>8PYB:H>" --"
3./--4?"9D:H78>DF7V=F;%2%T;@T>A;"F7@V:F8;97B>@>"
3t/0,b4?"H>F7B>"p"F7"D>"/e0"@:BA7A>@>?"H>B>D7@"
O8;A7=B:H;@">B:YB:H;@"F7O7BF:7BA7@"F7"\;DA><7?"
u%7B;D>@>?" r%>HA:B>?" E%D>HA>A;" F7V:F8;97B>@>"
3E,b4?"B7I8;O;D:OXOA:F;"V2"3$%V24"W"e0-(h?2*?2(Z

E>"'.bE%*"7@"H8IH:>D"O>8>"D>"F798>F>H:YB"F7"
O8;A7=B>@"F>G>F>@";"U>D"OD79>F>@">"A8>\X@"F7"
D>"\=>"F7D"O8;A7>@;U>a"@I"F:@TIBH:YB"@7"87D>H:;B>"
H;B">HIUID>H:YB"F7"X@A>@"W"H;B"7]H7@;"7B"D>"
IP:Rw:A:B:M>H:YB" F7" O8;A7=B>@" ;P@78\>F>" 7B"
D>@"Q87>@"\IDB78>PD7@"F7D"H787P8;"O>8>"#/Z"E>"
'.bE%*"OI7F7">WIF>8" >" 87HIO78>8" D>" TIBH:YB"
@:BQOA:H>"W"D>"T;8U>H:YB"F7"U7U;8:>"H;BA7]AI>D"
>" O>8A:8" F7" D>" ;]:F>H:YB" :BFIH:F>" F7"/rZ"CA8>"
F7" D>@"O8;A7=B>@" D:9>F>@">D"O8;A7;@;U>"W">" D>"
F798>F>H:YB"F7"O8;A7=B>@"7@"b@Hm*"RI7"A>UP:XB"
D:9>" 7D" F;U:B:;" :BA8>H7DID>8" F7"/00" W" OI7F7"
H;BA8:PI:8" 7B" D>@"U;F:SH>H:;B7@" ;P@78\>F>@"
7B" @I" O8;H7@>U:7BA;" W" 7B" D>" O8;FIHH:YB" F7"
/rZ"E>@">DA78>H:;B7@"7B"D>"r%>HA:B>"OI7F7B"@78"
D>@" 87@O;B@>PD7@"F7"H>UP:;@"7B" D>"7@A8IHAI8>"
F7D"H:A;7@RI7D7A;"H;U;"7D">H;8A>U:7BA;"F7"D>@"
F7BF8:A>@?"7@A;@"H>UP:;@"7@A8IHAI8>D7@"OI7F7B"
H;BA8:PI:8"7B"D>"UI78A7"H7DID>8Z"E>",d0("U;FID>"
D>" >HA:\:F>F" F7" D>" H;D>O@:B>?" RI7" 7@" 7@7BH:>D"
O>8>" 7D" H87H:U:7BA;" F7" D>@" F7BF8:A>@" W" F7D"
>]YBa"7@A>"O8;A7=B>"@7"7BHI7BA8>" 87FIH:F>"7B"
D>"#/"W"@I" TIBH:YB"OI7F7"O78F78@7"O;8"7T7HA;"
F7" D>" ;]:F>H:YB" RI7" :UOD:H>" F7T7HA;@" 7B" D>"

+7<=>"6?"C@;8:;".?"E;BF;G;".?"1;;7"&?"&7;B9"6J?"/DM>A7"C" /def.'EC",#"d#g-6-L$
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H;UIB:H>H:YB" B7I8;B>D" W" 7B" D>" OX8F:F>" F7" D>"
memoria y el deterioro cognitivo32Z"

#D" $%V2" 7@" 7@7BH:>D" 7B" D>" O8;FIHH:YB" F7"
H;D:B>" >H7A:DA8>B@T78>@>Z" E>" >DA78>H:YB" 7B" D>"
O8;FIHH:YB" F7" 7@A>" kDA:U>?" O;8" ;]:F>H:YB" F7D"
$%V2?" 87FIH7" D;@" B:\7D7@" F7" >H7A:DH;D:B>" W"
ocasiona alteraciones en la transducción de 

@7G>D7@"W"7B"D>"B7I8;A8>B@U:@:YBZ"E>";]:F>H:YB"
F7"t6" W" @I" H;B@7HI7BA7" OX8F:F>" F7" TIBH:YB"
induce acumulación del glutamato extracelular y 

@7"O87@7BA>"@;P87">HA:\>H:YB"F7"@I@"87H7OA;87@?"
>IU7BA;"F7D"H>DH:;":BA8>H7DID>8?">IU7BA;"F7"dC6"
intracelulares y muerte celular32Z"

E>"B:A8>H:YB"F7"./--"OI7F7">DA78>8"7D"P>D>BH7"
V:F8;7D7HA8;D=A:H;" W" 7D" Ob" H7DID>8a" UIHV>@"
7BM:U>@?"87>HH:;B7@"W"7D"98>F:7BA7"F7"O8;A;B7@"
U:A;H;BF8:>D"@;B"F7O7BF:7BA7@"F7"Ob"O;8"D;"RI7"
D>@">DA78>H:;B7@"7B"D>"./--"OI7F7B"87@IDA>8"7B"7D"
mal funcionamiento de estas vías32Z

5. LA PROTEÓMICA EN LA INVESTIGACIÓN 
DE LA ENFERMEDAD DE ALZHEIMER

0>8>"7@AIF:>8" W" H;UO87BF78" D>" O>8A:H:O>H:YB"
F7" D>@" O8;A7=B>@" 7B" 7D" ;8:97B" W" D>" O8;987@:YB"
F7" D>"#/?"@7"7UOD7>B"UIHV;@"UXA;F;@"F7" D>"
O8;A7YU:H>"7B"97B78>D"W"F7"D>"B7I8;O8;A7YU:H>"
7B" O>8A:HID>8" 3>IBRI7" B7I8;O8;A7YU:H>" 7@"
IB>"O>D>P8>"RI7">kB"B;"7]:@A7"7B"7@O>G;D?" D>"
RI787U;@":BA8;FIH:8">HQ"H;U;">RI7DD>"8>U>"F7"
D>"O8;A7YU:H>"RI7"7@AIF:>"7D"proteoma asociado 

con el sistema nervioso y las enfermedades 

B7I8;F797B78>A:\>@4Z" #B" @I" F7T:B:H:YB"UQ@"
>UOD:>?" D>" O8;A7YU:H>"7@" D>" :F7BA:SH>H:YB" W" D>"
H>8>HA78:M>H:YB" F7" D>@" O8;A7=B>@" 7]O87@>F>@"
O;8"IB"97B;U>a"O;8"@I"O>8A7"D>"B7I8;O8;A7YU:H>"
7@" 7D" 7@AIF:;" F7" D>@" O8;A7=B>@" 87D>H:;B>F>@"
H;B" 7D" @:@A7U>"B78\:;@;" W" F7" HYU;"X@A>@" @7"
7]O87@>B" F:T787BH:>DU7BA7" 7B" D;@" F:\78@;@"
A7<:F;@"F7">HI78F;"H;B":B`I7BH:>@"97BXA:H>@"W"
>UP:7BA>D7@33Z"E>"O8;A7YU:H>"@7"OI7F7"IA:D:M>8"
O>8>" F7A78U:B>8" D>" O87@7BH:>" W" 7\;DIH:YB" F7"
7BT78U7F>F7@Z" #B" D>" O87@7BA7" 87\:@:YB" @7"
V>8Q" IB>" P87\7" F7@H8:OH:YB" F7" D>@" AXHB:H>@"
I@>F>@"O>8>"D>"H>8>HA78:M>H:YB"F7"D>@"O8;A7=B>@"
7]O87@>F>@"7B"7D"@:@A7U>"B78\:;@;"H7BA8>D"W"7B"

7D"D=RI:F;"H7T>D;88>RI=F7;"O>8>"7D"7@AIF:;"F7"D>"
#/Z

5.1. Ratones transgénicos

#D" I@;" F7" 8>A;B7@" A8>B@9XB:H;@" 7@" UIW"
H;UkB" F>F>" D>" T>H:D:F>F" F7" ;PA7B78" H7O>@"
H;B@>B9I=B7>@?" D>" 98>B" V;U;D;9=>" 97BXA:H>"
7BA87"@787@"VIU>B;@"W"8>A;B7@?"D>"T>H:D:F>F"F7"
H;BA8;D>8" D>" 87O8;FIHH:YB" W" D>" F:@O;B:P:D:F>F"
F7" 87>HA:\;@Z"E>"O;@:P:D:F>F"F7";PA7B78"H7O>@"
H;B@>B9I=B7>@" O78U:A7" H;B@79I:8" 8>A;B7@"
V;U;H:9YA:H;@"O>8>" HI>DRI:78>" F7" D;@" D;HI@" W"
@7"D:U:A>"D>"\>8:>P:D:F>F"97BXA:H>Z"E>"7]O87@:YB"
“transgénico”"V>H7"87T787BH:>"7@O7H=SH>U7BA7"
>" D>" :BA8;FIHH:YB" F7"/,$"7]A8>G;" F7BA8;" F7D"
97B;U>Z"#]:@A7"IB>"98>B"H>BA:F>F"F7"87O;8A7@"
F7D"I@;"F7"8>A;B7@"A8>B@9XB:H;@"7B"7D"7@AIF:;"
de la EA((?2 % *Z"#B"BI7@A8;"D>P;8>A;8:;?"@7"I@>B"
ratones “humanizados”" >" D;@" RI7" @7" D7@" V>B"
:BA8;FIH:F;" 97B7@" VIU>B;@" F7"APOE?" O>8>"
generar ratones conocidos como ratones 

V/O;#%ed"3human ApoE-Targeted replacement4?"
F7@>88;DD>F;@" 7B" 7D" E>P;8>A;8:;" F7" CD:\78"
6U:AV:7@" 7B" D>" 'B:\78@:F>F" F7".>8;D:B>" F7D"
$;8A7"FI8>BA7"D>"FXH>F>"F7"D;@"B;\7BA> (Z"#@A;@"
8>A;B7@" @;B" I@>F;@" 7B" BI7@A8;" D>P;8>A;8:;?"
7B" H;UP:B>H:YB" H;B" B7I8;O8;A7YU:H>?" O>8>"
7BA7BF78" D>" 87D>H:YB" 7BA87"/O;#" W" #/Z"/"
H;BA:BI>H:YB"@7"F7@H8:P7B"7@A>@"AXHB:H>@"W"@7"
O87@7BA>B">D9IB;@"87@IDA>F;@Z

5.2. Western blot

x7@A78B" PD;A" 7@" IB>" AXHB:H>" I@>F>" O>8>"
:F7BA:T:H>8" W" D;H>D:M>8" O8;A7=B>@?" P>@>F>" 7B"
D>" H>O>H:F>F" F7" D>@" O8;A7=B>@" O>8>" IB:8@7" >"
>BA:HI78O;@" 7@O7H=SH;@Z"#@A>" AXHB:H>" O78U:A7"
F7A7HA>8" O8;A7=B>@" F7" :BA78X@" >" O>8A:8" F7" IB>"
U7MHD>" F7" IB" 98>B" BkU78;" F7" O8;A7=B>@" W?"
>F:H:;B>DU7BA7?" F7A78U:B>8" @I" A>U>G;" 3l,>4"
W" F>8" :BT;8U>H:YB" @;P87" D>" 7]O87@:YB" F7" D>@"
O8;A7=B>@"HI>BF;"@7"I@>"IB>"UI7@A8>"F7"H;BA8;D"
H;B;H:F>Z"#D">BQD:@:@"x7@A78B"PD;A"7@">DA>U7BA7"
F7O7BF:7BA7" F7" D>" H>D:F>F" W" 7@O7H:SH:F>F" F7"
D;@">BA:HI78O;@"I@>F;@"O>8>"D>"F7A7HH:YBZ"30>8>"
PI@H>8"O8;A;H;D;@"W"UXA;F;@?"@7"@I9:787"IB"@:A:;"
H;U;5"VAAO5^^___Z_7@A78BPD;AA:B9Z;89^4Z"

E>@"H;B7]:;B7@"F7"D>"7BT78U7F>F"F7"/DMV7:U785"i,YBF7"7@AQBj"/BQD:@:@"F7@F7"D>"08;A7YU:H>"HI>BA:A>A:\>
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0>8>"IA:D:M>8"7@A>"AXHB:H>"@7"F7P7";PA7B78"IB>"
UI7@A8>"F7"D>@"HXDID>@"F7D"A7<:F;"F7":BA78X@a"X@A>@"
@7"F7P7B"D:@>8"O>8>"D:P78>8"D>"O8;A7=B>"W"@7"I@>"IB"
97D"F7"7D7HA8;T;87@:@"O>8>"@7O>8>8"D>@"O8;A7=B>@"
F7">HI78F;"H;B"@I"A>U>G;Z"0;@A78:;8U7BA7?"D>@"
O8;A7=B>@" @;B" A8>B@T78:F>@" >" IB>"U7UP8>B>"
W" @;U7A:F>@" >" D>" >HH:YB" F7" D;@" >BA:HI78O;@"
7@O7H=T:H;@Z" #D" >BA:HI78O;" RI7" @7" D:9>" >" D>"
O8;A7=B>"@7"H;B;H7"H;U;">BA:HI78O;"O8:U>8:;"W"
@7"7UOD7>"IB">BA:HI78O;"@7HIBF>8:;"RI7"@7"IB7"
>D"O8:U>8:;"O>8>"T;8U>8"IB>"7@A8IHAI8>"O8;A7=B>%
>BA:HI78O;%>BA:HI78O;Z"#D">BA:HI78O;"@7HIBF>8:;"
H;BA:7B7"IB>"7BM:U>"O78;]:F>F>"RI7"H;B\:78A7"
IB"@I@A8>A;"F7"DIU:B;D">"IB>"U>BHV>"F7"DIM"RI7"
7@"F7A7HA>F;" @;P87"IB>"O7D=HID>" T;A;@7B@:PD7a"
F7"7@A>"U>B78>"@7"OI7F7"F7A78U:B>8"7D"A>U>G;"
F7" D>"O8;A7=B>"P><;"7@AIF:;"W"@7"H;UO>8>"H;B"
7D" H;BA8;D" F7" A>U>G;" H;B;H:F;?" 7D" A>U>G;"7@"
7]O87@>F;" 7B" l,>Z"'B>" >OD:H>H:YB" O>8A:HID>8"
de este sistema es el análisis de isoformas 

F7" O8;A7=B>@" I@>BF;"x7@A78B" PD;A" 7B" F;@"
F:U7B@:;B7@"3(,%x14"H;U;"7D"U;@A8>F;"7B"D>"
[:9I8>"2/?"7B"D>"HI>D"A7<:F;@"F7"O>H:7BA7@"H;B"#/"
@7"V>B"@;DIP:D:M>F;"O>8>"U;@A8>8"
RI7" O8;A7=B>@" @:BQOA:H>@" A:7B7B"
diferentes isoformas de acuerdo 

H;B"7D"97B;A:O;"F7"APOEZ

5.3. 2D-DIGE (2D - difference 
gel electrophoresis)

#@"IB>"\>8:>H:YB"F7" D>" AXHB:H>"
HDQ@:H>" F7" 7D7HA8;T;87@:@" 7B" 97D?"
7B" D>" HI>D" @7" IA:D:M>" IB" 97D" F7"
O;D:>H8:D>U:F>"7B"7D"RI7"@7"@7O>8>B"
U7MHD>@"F7"O8;A7=B>@"U7F:>BA7"7D"
I@;" F7" F;@" H>UO;@" 7DXHA8:H;@"
>OD:H>F;@" @IH7@:\>U7BA7" F7"
U>B78>" O78O7BF:HID>8 2Z " E>"
U>@>"W"D>"H>89>"F7"D>@"O8;A7=B>@"
@7" 7UOD7>B" H;U;" T>HA;87@" F7"
@7O>8>H:YBZ" E>@"U;DXHID>@" @7"
mueven a diferentes velocidades 

W" O8;FIH7B" F:\78@>@"U>BHV>@"
RI7" UI7@A8>B" IB" O>A8YB" F7"
migración característico de cada 

O8;A7=B>Z" 0>8>" 7D" O8;H7@;" F7"
:F7BA:SH>H:YB"F7"D>@"O8;A7=B>@"@7"
I@>" 7@O7HA8;U7A8=>" F7"U>@>@?"

H;U;" @7" 7]OD:H>" 7B" D>" @:9I:7BA7" @7HH:YBZ" #B"
,-t#?"D>@"UI7@A8>@"F7"O8;A7=B>@"@;B"U>8H>F>@"
H;\>D7BA7U7BA7"H;B"U>8H>F;87@"`I;87@H7BA7@"
3.W(?" .W2?" .WK4" >BA7@" F7" D>" 7D7HA8;T;87@:@Z"
,7@OIX@"F7"X@A>?"7D"97D"7@"7@H>B7>F;"I@>BF;"
frecuencias láser de diferentes longitudes de 

;BF>?"D;"RI7"O78U:A7":F7BA:SH>8"\>8:>H:;B7@"7B"D>@"
H>BA:F>F7@"87D>A:\>@"F7"D>@"O8;A7=B>@"W";P@78\>8"
F:@H87O>BH:>@"7BA87"D>"UI7@A8>"7B"7@AIF:;"W"IB>"
UI7@A8>" F7" H;BA8;DZ"'B>" \7BA><>" >F:H:;B>D" F7"
7@A>"AXHB:H>"7@"RI7"D>@"UI7@A8>@"7B"7@AIF:;"W"
F7"H;BA8;D"@;B"@7UP8>F>@"7B"7D"U:@U;"97D?" D;"
RI7"7D:U:B>"D>@"\>8:>H:;B7@":BA78%97D"W"87FIH7"7D"
A:7UO;"F7"7]O78:U7BA>H:YB"3[:9I8>"214Z

5.4. MS – Mass spectrometry 
(espectrometría de masas)

E>"+6"7@"IB>"V788>U:7BA>">B>D=A:H>"RI7"@:8\7"
O>8>"U7F:8"D>"U>@>"U;D7HID>8"F7"IB>"UI7@A8>"
F7" T;8U>"O87H:@>a"H;B"7@A>" AXHB:H>"7@"O;@:PD7"
U7F:8" H>UP:;@" 7B" D>"U>@>" F7" IB>"U;DXHID>"
del orden de un aminoácido en una secuencia 

Figura 3. A."-F7BA:SH>H:YB"O;8"x7@A78B"PD;A"F7"D>"7]O87@:YB"
F:T787BH:>D" F7" O8;A7=B>@" @:BQOA:H>@" 7B" H;BA8;D7@" @>B;@"
/O;#2^2?"7B"H787P8;@"H;B"7@A7"U:@U;"97B;A:O;"O78;"H;B"#/"W"
7B"H787P8;@"/O;# ^ "H;B"#/Z"B."[8>9U7BA;"F7"IB"97D"(,%,-t#"
A=O:H;Z"#B"D;@"87HI>F8;@"@7";P@78\>"D>"U>8H>H:YB"F:T787BH:>D"
F7"/O;#2" H;B".W2" 3\78F74" W"/O;# " H;B".WK" 38;<;4Z" E>@"
O8;A7=B>@">B>D:M>F>@"H;887@O;BF7B">"7]A8>HA;@"U:A;H;BF8:>D7@"
F7D"H787P8;"F7"8>A;B7@"A8>B@9XB:H;@"RI7"7]O87@>B"D>"O8;A7=B>"
/O;#"VIU>B>Z

+7<=>"6?"C@;8:;".?"E;BF;G;".?"1;;7"&?"&7;B9"6J?"/DM>A7"C" /def.'EC",#"d#g-6-L$
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F7" IB>" O8;A7=B>Z" #B" O8;A7YU:H>?" D>"+6" 7@"
7UOD7>F>"O>8>":F7BA:SH>8"W">B>D:M>8"O8;A7=B>@"W"
OXOA:F;@a"\78:SH>8"D>"D;H>D:M>H:YB"F7">U:B;QH:F;@a"
F7A7HA>8"U;F:SH>H:;B7@" O;@A8>B@FIHH:;B>D7@a"
H>DHID>8" 7D" BkU78;" F7" OI7BA7@" F7" F:@IDTI8;a"
U;B:A;87>8"87>HH:;B7@"7BM:UQA:H>@"W"T;8U>H:YB"
F7"H;UOD7<;@"F7"O8;A7=B>@nD:9>BF;"W"F7A78U:B>8"
7@A8IHAI8>@"U>H8;U;D7HID>87@?" 7BA87" ;A8>@"
>OD:H>H:;B7@  ? KZ

#B" D>" +6?" D>" UI7@A8>" RI7" @7" >B>D:M>" 7@"
:BA8;FIH:F>" 7B" IB>" TI7BA7" F7" :;B:M>H:YBZ" E>"
UI7@A8>"7@":;B:M>F>"O>8>"RI7"D;@":;B7@"OI7F>B"
\:><>8" >" A8>\X@" F7" IB" 7@O>H:;" >D" \>H=;" V>@A>"
IB" F7A7HA;8" 7B" 7D" RI7" @;B" :F7BA:T:H>F;@" W"
HI>BA:SH>F;@" 3[:9I8>"  4Z" E>" :;B:M>H:YB" OI7F7"
@78" >DH>BM>F>" I@>BF;" \>8:;@"UXA;F;@Z" 30>8>"
IB>"F:@HI@:YB" F7A>DD>F>" F7"+6" \X>@7"0>8l78"
et al.  4Z"E;@":;B7@"@;B"F7A7HA>F;@"F7">HI78F;"
H;B" @I" 87D>H:YB"U>@>^H>89>" 3U^M4Z" 0>8>" 7@A7"
>BQD:@:@?" D;@" :B@A8IU7BA;@" F:@O;B:PD7@" IA:D:M>B"
HI>F8IO;D;@?">B>D:M>F;87@"F7"A:7UO;"F7"\I7D;"

3eC[?" O;8" @I@" :B:H:>D7@" 7B" :B9DX@" Time Of 

Fligth4?"@7HA;87@"U>9BXA:H;@"W"A8>UO>@"F7":;B7@"
HI>F8IO;D;@" H;UP:B>F>" H;B" A8>B@T;8U>F>"F7"
[;I8:78Z"E;@"F7A7HA;87@"U;B:A;87>B"D>"H;88:7BA7"
F7" :;B7@?" D>" >UOD:SH>B" W" D>" A8>B@U:A7B" >" IB"
sistema de datos donde es registrada en forma 

F7" 7@O7HA8;" F7"U>@>@Z" E;@" \>D;87@"U^M" @;B"
98>SH>F;@"H;BA8>"@I@":BA7B@:F>F7@"O>8>"U;@A8>8"
7D"BkU78;"F7"H;UO;B7BA7@?"D>"U>@>"U;D7HID>8"
W" D>">PIBF>BH:>" 87D>A:\>"F7"H>F>"H;UO;B7BA7"
7B"D>"UI7@A8>Z"

E>" +6n+/E,-" 3Matrix-Assisted Laser 

Desorption/Ionization4"7@">O8;O:>F>"O>8>"U>@>@"
U;D7HID>87@" >DA>@" H;U;" O8;A7=B>@?" OXOA:F;@?"
9D:H;O8;A7=B>@?";D:9;@>HQ8:F;@"W";D:9;BIHD7YA:F;@Z"
E>"7]>HA:AIF"F7D"UXA;F;"7@"F7">O8;]:U>F>U7BA7"
)Z))*q"O;8"H>F>" )Z)))",>Z".;U;"@I"B;UP87"
D;":BF:H>?"7B"+6n+/E,-?"D>":;B:M>H:YB"@7"D;98>"
IA:D:M>BF;"IB"DQ@78"O>8>"P;UP>8F7>8"D>"UI7@A8>"
3[:9I8>" 4Z"E>"UI7@A8>"@7"U7MHD>"O87\:>U7BA7"
H;B"IB" H;UOI7@A;"U>A8:M" O>8>" D;98>8" RI7" D;@"

Figura 4."#@RI7U>"F7"D>"#@O7HA8;U7A8=>"F7"+>@>@"7B"D>"RI7"@7"UI7@A8>B"D>@"T>@7@"F7":;B:M>H:YB"
I@>BF;"#D7HA8;@O8>W"3H;U;"7B"#6-?"Electrosprayionization4";"EQ@78"3H;U;"7B"+/E,-?"Matrix-Assisted 

Laser Desorption/Ionization4?"T8>9U7BA>H:YB?"@7O>8>H:YB"W"F7A7HH:YBZ

E>@"H;B7]:;B7@"F7"D>"7BT78U7F>F"F7"/DMV7:U785"i,YBF7"7@AQBj"/BQD:@:@"F7@F7"D>"08;A7YU:H>"HI>BA:A>A:\>
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IB" 7@O7HA8;" H;UOD7<;" >" O>8A:8" F7" D;@" O7@;@"
U;D7HID>87@" F7" D;@" T8>9U7BA;@" O8;A7;D=A:H;@"
RI7"OI7F>B" @78" D7=F;@Z"#@A7" 7@O7HA8;?" H;B" D>"
:BT;8U>H:YB"F7"D;@"O7@;@"U;D7HID>87@?"7@"D;"RI7"
@7"H;B;H7"H;U;"IB"U>O>"F7D"OXOA:F;"RI7"7@"
H;UO>8>F;"H;B"IB>"P>@7"F7"F>A;@"F7"O8;A7=B>@a"
@:"D>"O8;A7=B>"7]:@A7"7B"7@A>"P>@7"F7"F>A;@?"7@A7"
U>O>"7@"@ISH:7BA7"O>8>"D>":F7BA:SH>H:YB  Z"

5.5. ITRAQ – Isobaric tag for relative and 
absolute quantitation

E>"U>8H>H:YB" :@;PQ8:H>" O>8>" HI>BA:SH>H:YB"
>P@;DIA>"W"87D>A:\>"7@"IB>"AXHB:H>"F7"UIDA:OD7]>F;"
RI7" O78U:A7" D>"U>8H>H:YB" F7" HI>A8;" >" ;HV;"
UI7@A8>@"F7"O8;A7=B>@"O>8>">BQD:@:@"7B" T;8U>"
@:UIDAQB7>"3[:9I8>"K4Z"

#B" 7@A>" AXHB:H>?" @7" :BA8;FIH7B" :@YA;O;@"
O7OA=F:H;@"7@A>PD7@"7UOD7>BF;"87>HA:\;@":ed/y"
7B" D;@"OXOA:F;@"RI7" 87@IDA>B"F7" D>"O8;A7YD:@:@Z"

OXOA:F;@" ;"U;DXHID>@" F7" :BA78X@" \I7D7B"F7" D>"
TI7BA7">D"F7A7HA;8"W"@I"O7@;"U;D7HID>8"OI7F>"
@78" F7A78U:B>F;" O;8" 7D" A:7UO;" F7" \I7D;Z" E>"
H;UO;@:H:YB"F7"D>"U>A8:M"F7O7BF7"F7"D>":;B:M>H:YB"
RI7"@7"RI:78>"D;98>8"3O;@:A:\>"O>8>"O8;A7=B>@"W"
OXOA:F;@" ;" B79>A:\>" O>8>" ;D:9;BIHD7YA:F;@" W"
;D:9;@>HQ8:F;@4Z"E>"U>A8:M"H;B\:78A7"D>"7B789=>"
F7D"DQ@78"7B"7B789=>"F7"7]H:A>H:YB"RI7":;B:M>"D>"
UI7@A8>"RI7"@7"7BHI7BA8>"7B"D>"@IO78SH:7"F7"D>"
U7MHD>"W?">D"U:@U;" A:7UO;?">A7Bk>" D>"7B789=>"
F:87HA>" O>8>" 7\:A>8" D>" F7@H;UO;@:H:YB" F7" D>"
UI7@A8>Z" E;@" >B>D:M>F;87@" F7"eC[" @7O>8>B"
D;@":;B7@"F7">HI78F;"H;B"D>"87D>H:YB"U^M?"W"@7"
U:F7"7D"A:7UO;"RI7"A;U>"7D":YB"7B"\:><>8"V>@A>"
7D"F7A7HA;8Z

.I>BF;" @7" \>" >" :F7BA:T:H>8" IB>" O8;A7=B>"
H;B"+6"IA:D:M>BF;"IB"UXA;F;" H;B;H:F;" H;U;"
“bottom-upz?"X@A>"F7P7"O>@>8"O;8"IB>"F:97@A:YB"
7BM:UQA:H>Z" E>"U7MHD>" F:978:F>" 7@" >B>D:M>F>"
H;B"7D"7@O7HA8YU7A8;"F7"U>@>@"O>8>"O8;FIH:8"

Figura 5.",:>98>U>"F7D"O8;H7@;"F7":ed/y"7B"7D"RI7"@7"UI7@A8>B"D;@"O8;H7@;@"F7"F7@B>AI8>D:M>H:YB"W"
F:97@A:YB"F7"D>"UI7@A8>?"D>"T>@7"F7"U>8H>F;"W"D>"HI>BA:SH>H:YB"7":F7BA:SH>H:YB"F7"OXOA:F;@"W"O8;A7=B>@"
I@>BF;"+6Z
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87D>H:;B>F>" H;B" D>" H>BA:F>F" F7" 7]O87@:YB" F7"
D>@" O8;A7=B>@Z" E>" F:97@A:YB" 7BM:UQA:H>?" O87\:>"
>"D>"U>8H>H:YB":ed/y?">IU7BA>"D>"H;UOD7<:F>F"
F7" D>"UI7@A8>Z"0>8>" RI7" D>" F7A78U:B>H:YB" F7"
D>@" O8;A7=B>@" @7>" H;BT:>PD7" @7" 87RI:787" IB"
fraccionamiento multidimensional antes de la 

:F7BA:SH>H:YB"H;B"7@O7HA8;U7A8=>"F7"U>@>@ KZ

5.6. MSI – Imágenes moleculares de tejidos 
usando MS

#@A>"U7A;F;D;9=>"I@>"7D"O;F78"F7"+6%+/E,-"
O>8>"H87>8"IB>":U>97B"U;D7HID>8"F7"IB"A7<:F;?"
U7F:>BA7"7D"U>O7;"F7"O8;A7=B>@"F7A7HA>F>@"O;8"
+6" @;P87" D>" :U>97B" YOA:H>" F7D" A7<:F;" 3[:9I8>"
N4 KZ

E>"A7HB;D;9=>":ed/y"I@>"IB"F78:\>F;"F7D"X@A78"
$b6"3$nV:F8;]:@IHH:U:F>4"O>8>"U;F:SH>8"98IO;@"
>U:B;"O8:U>8:;@"W"H87>B"7BD>H7@"7BA87"98IO;@"F7"
P>D>BH7"F7"U>@>@"398IO;@"H>8P;B:D;4"W"IB"98IO;"
87O;8A78;" 3P>@>F;" 7B"$%U7A:DO:O78>M:B>4" H;B"
OXOA:F;@"O8;A7;D=A:H;@"O;8"U7F:;"F7"D>"T;8U>H:YB"
F7"IB"7BD>H7">U:F>Z",7P:F;">D"F:@7G;"F7"U>@>@"
:@;PQ8:H>@"F7"D;@"87>HA:\;@":ed/y?"D;@"OXOA:F;@"
U>8H>F;@"F:T787BH:>DU7BA7">O>87H7B"H;U;"IB"
O:H;" kB:H;" 7B" D>" 7@O7HA8;U7A8=>" F7"U>@>@" W"
@7"87FIH7"7D"8:7@9;"F7"@IO78O;@:H:YB"F7"O:H;@Z"
.I>BF;"D;@"OXOA:F;@"H;B"U>8H>H:YB":ed/y"@;B"
@;U7A:F;@">">BQD:@:@"H;B"+6?"D>"T8>HH:YB"H>8P;B:D;"
7@"D:P78>F>"H;U;"IB"T8>9U7BA;"B7IA8;"W"@7"D:P78>B"
D;@" :;B7@" 87O;8A78;@"U>8H>F;@" H;B" :@YA;O;@Z"
#@A7" >BQD:@:@" O8;\77" :BT;8U>H:YB" HI>BA:A>A:\>"

Figura 6." #@RI7U>"F7D" I@;" F7"#@O7HA8;U7A8=>" F7"+>@>@" 3+64" O>8>" D>" ;PA7BH:YB" F7" :UQ97B7@"
U;D7HID>87@Z"#D":B@78A;"F7"D>"O>8A7":BT78:;8"F787HV>"UI7@A8>":UQ97B7@"U;D7HID>87@";PA7B:F>@"H;B"
+6"87>D:M>F>"@;P87"H;8A7@"F7"H787P8;"F7"8>AYBZ"E>"F:T787BH:>"F7"H;D;87@"H;887@O;BF7">"98IO;@"F7"
O8;A7=B>@"RI7"@7"D;H>D:M>B"7B"M;B>@"7@O7H=SH>@"F7D"H787P8;Z

E>@"H;B7]:;B7@"F7"D>"7BT78U7F>F"F7"/DMV7:U785"i,YBF7"7@AQBj"/BQD:@:@"F7@F7"D>"08;A7YU:H>"HI>BA:A>A:\>

 !%NK



N)" #$#%&'$"()**" +#,-.-$/"'01"2)3*45

U7F:>BA7"D>@"AXHB:H>@"87T78:F>@">BA78:;8U7BA722?"
I@>BF;"IB>">OD:H>H:YB"F7"@;TA_>87"F7@>88;DD>F>"
O;8" 7D"6W@A7U@%08;A7;U:H@".7BA78"[>H:D:AW" 7B"
+>AD>P?"7BH;BA8>U;@"7B"t7B7"CBA;D;9W"RI7"/00"
H;UO>8A7"H;B"06#$*"D>">B;A>H:YB"{tC5)))hh!N|"
RI7"D>@"87D>H:;B>"H;B"TIBH:;B7@"RI7"@7"7<78H7B"
7B" D>"O>8A7"7]A78B>"F7" D>"U7UP8>B>"H7DID>8"W"
RI7"06#$*"W"06#$("H;UO>8A7B" D>">B;A>H:YB"
{tC5))*N !K|" RI7" D>@" >@;H:>" H;B"IB"O8;H7@;"
P:;DY9:H;" 87D>H:;B>F;" H;B" U;F:T:H>H:;B7@"
O;@A8>B@FIHH:;B>D7@" F7" O8;A7=B>@" RI7" OI7F7"
H;887@O;BF78" >" 8IOAI8>"F7"7BD>H7@"O7OA=F:H;@"
W"RI7"@7"O87@7BA>"7B"O8;A7=B>@"@7H87A;8>@";"F7"
U7UP8>B>"3[:9I8>"m4KKZ"

#@A;@" V>DD>M9;@?" >" A8>\X@" F7" V788>U:7BA>@"
H;UOIA>H:;B>D7@?" @:8\7B" O>8>" D>" OD>B:SH>H:YB"
F7"7]O78:U7BA;@"7B" D;@" RI7" @7"OI7F7B" H87>8"
U;F7D;@">B:U>D7@"U>B:OID>F;@"97BXA:H>U7BA7"
O>8>";PA7B78"D>"@;P877]O87@:YB";":BV:P:H:YB"F7"
IB>";" \>8:>@"O8;A7=B>@" W";P@78\>8" D;@"7T7HA;@"
F7D7AX87;@"RI7"O8;O:H:>B"D>">O>8:H:YB"F7"H>UP:;@"
O>A;DY9:H;@"7B"D;@"A7<:F;@"7@AIF:>F;@Z

E>":BT;8U>H:YB";PA7B:F>"7B"D>@"P>@7@"F7"F>A;@"
@:8\7" A>UP:XB" O>8>" D>" H87>H:YB" F7" 87F7@" F7"
:BA78>HH:YB"F7"O8;A7=B>@"3[:9I8>"!4Z"

/IBRI7"7]:@A7B" \>8:>@" >OD:H>H:;B7@"F7" D:P87"
>HH7@;" ;" D:H7BH:>F>@" O>8>" 7@A>@" A>87>@?" D>"
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