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La sepsis es la respuesta inadecuada del organismo humano a una infeccion,
culminacién de interacciones complejas entre el microorganismo infeccioso y la
respuesta inmune, inflamatoria y de la coagulacion del huésped. Puede evolucionar a
sepsis grave y shock séptico, sus formas graves, que son la causa mas frecuente de
muerte en las Unidades de Cuidados Intensivos (UCI) no coronarias. Antes de la
aparicion de las UCI actuales, la sepsis grave y el shock séptico eran letales. En los
ultimos afios se han conseguido avances importantes en el conocimiento de la
epidemiologia, fisiopatologia y tratamiento de la sepsis, habiéndose reducido la
mortalidad de forma significativa. Sin embargo, a pesar de los avances, la mortalidad se
sittia todavia entre el 20-30% en muchas series, fundamentalmente debido al sindrome
de disfuncion multiorgadnica (SDOM) secundario. Es por ello necesario mejorar el
conocimiento de la fisiopatologia de los sindromes sépticos (sepsis, sepsis grave, shock
séptico) y el SDOM asociada a los mismos, para asi encontrar nuevas potenciales dianas
terapéuticas que permitan reducir la mortalidad.

Los factores de riesgo para fallecer por sepsis se asocian tanto con la predisposicion
del paciente para presentar una infeccion como con la probabilidad de progresar a sepsis
grave/shock séptico y desarrollar SDOM una vez instaurada la infeccion. Existen varios
factores de riesgo conocidos para presentar infecciones que mas susceptiblemente
desembocaran en sepsis grave o shock séptico, incluyendo las enfermedades cronicas
(sindrome de inmunodeficiencia adquirida, enfermedad pulmonar obstructiva crénica,
neoplasias, etc.) y el uso de fairmacos inmunosupresores. La edad, el sexo y la raza
también influyen en la incidencia de la sepsis grave, pues es mayor en nifios y personas
de edad avanzada, en hombres que en mujeres, y en pacientes de raza negra que en
pacientes de raza blanca. Sin embargo, los factores de riesgo para desarrollar el SDOM

en los pacientes con este tipo de infecciones que presentaran sepsis grave o shock
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séptico no estan bien definidos. Probablemente influyen el microorganismo causal, los
factores genéticos del huésped, la funcion previa del o6rgano alterado y la precocidad en
la instauracion del tratamiento Optimo para la infeccion.

Por este motivo se plante6 la realizacion de la presente Tesis Doctoral. En ella se
incluyen cuatro trabajos que tienen como principales objetivos evaluar y caracterizar
algunos de los factores implicados en la fisiopatologia de la sepsis y su relacion con el
SDOM vy el pronostico. En la Figura 1 se muestran los aspectos en los que se ha
centrado esta Tesis Doctoral.

Disefiamos cuatro estudios de cohorte prospectivos y observacionales de pacientes
ingresados en una UCI médica de ocho camas para adultos en un hospital universitario
de 700 camas, en los que se analizaron diferentes moléculas con un potencial rol en la
fisiopatologia de la sepsis o sus genes en pacientes con sindromes sépticos,
comparandolos a la vez con pacientes con sindrome de respuesta inflamatoria sistémica
(SRIS) de origen no infeccioso y adultos sanos. Y se relacionaron con diferentes
variables clinicas de morbilidad y factores de riesgo o pronodstico.

Asi, se evaluaron la expresion y funcion de las moléculas de adhesion en células
mononucleares de sangre periférica y los niveles séricos de moléculas solubles de
adhesion endotelial, implicadas en la adhesion endotelio-neutréfilo, en pacientes con
sepsis grave o shock séptico secundario a neumonia adquirida en la comunidad
(Articulo 1); la existencia y relevancia funcional de los polimorfismos genéticos en el
gen de la Lectina fijadora de Manosa (MBL2) y de la MASP2 (por sus siglas en inglés,
de MBL-Associated Serine Proteases), asociados con la predisposicion a presentar
infecciones graves (Articulo 2);los niveles de CD5 y CD6 soluble, moléculas que
actian como receptores de reconocimiento de patrones (PRR, Pattern recognition

receptor) y juegan un importante papel en la respuesta inmune innata (Articulo 3); y los
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niveles de ADAMTS-13, proteasa que escinde los multimeros inusualmente grandes del
factor de von Willebrand (UL-vWF), y que se ha hallado deficitario en pacientes

sépticos (Articulo 4).

Figura 1. Esquema de la respuesta biolégica y celular del huésped a la sepsis. Se
muestran los aspectos en los que se ha centrado la presente tesis doctoral.
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Fuente: Angus DC. N Engl J Med 2013

Los principales resultados de los estudios demuestran que los niveles de CDS5 y
CD6 soluble y de ADAMTS-13 de los pacientes criticamente enfermos con Sindromes
sépticos se relacionan con la gravedad de la enfermedad y la progresion a SDOM vy la
mortalidad. Por otro lado, aunque los genotipos de baja expresion de MBL y de la
MASP-2 no se asocian con la gravedad ni con la mortalidad de estos pacientes, el

genotipo de alta expresion de MBL parece ser un factor de riesgo para desarrollar SRIS

25



no infeccioso. Finalmente, los pacientes criticamente enfermos con sindromes sépticos
secundarios a neumonia adquirida en la comunidad presentan alteraciones en los niveles
y en la funcion de las moléculas de adhesion que parecen estar asociadas con el

pronostico.

26



27

INTRODUCCION



28



1. Sepsis: Concepto y definiciones

Entendemos por sepsis la respuesta inadecuada del organismo frente a una
infeccion. Este concepto “tedrico” requeria, para que todos los profesionales hablasen
del mismo tipo de pacientes cuando se referian a sepsis y asi permitir mejorias en su
diagnostico y tratamiento, una definicion mas “practica”. En 1991 el American College
of Chest Physicians (ACCP) y la Society of Critical Care Medicine (SCCM)? celebraron
en Chicago una conferencia de consenso en la que propusieron por primera vez las
definiciones de los sindromes sépticos, sindrome de disfuncién multiorganica y otros
términos afines, dotando de una herramienta util, aunque con limitaciones, para la
clasificacion y estratificacion de estos pacientes. En esta conferencia se introdujo un
nuevo concepto, el de Sindrome de Respuesta Inflamatoria Sistémica (SRIS), entendido
como la respuesta generalizada del organismo ante determinados estimulos que pueden

ser de causa infecciosa o no (Tabla I).

Tabla 1. Sindrome de Respuesta Inflamatoria Sistémica (SRIS)

Presencia de dos o0 mas de los siguientes:
1. Temperatura mayor de 38 °C o menor de 36 °C
2. Taquicardia (Frecuencia cardiaca superior a 90 Ipm)
3. Taquipnea (mas de 20 rpm, o PaCO, menor de 32 mmHg), o necesidad de
ventilacion mecanica.
4. Alteracion del recuento de los leucocitos (mas de 12.000 o menos de 4.000
leucocitos/mm?’, o mas del 10% de bandas).

Lpm: latidos por minuto, rpm: respiraciones por minuto, PaCO,: Presion parcial de didxido de
carbono en sangre arterial.

Definieron la sepsis como el SRIS secundario a infeccion documentada, clinica y/o
microbioldgicamente, la sepsis grave como la sepsis que se acompaiia de disfuncion de
organos, hipotension o hipoperfusion (hiperlactacidemia) y el shock séptico como la

hipotension arterial secundaria a sepsis que persiste a pesar de un aporte adecuado de
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fluidos, acompanada de alteraciones de la perfusion o disfunciéon organica, o la
necesidad de farmacos vasoactivos para mantener la presion arterial. El1 Sindrome de
disfuncion organica multiple (SDOM) se definié como la disminucidén potencialmente
reversible en la funcion de uno o mas organos, que son incapaces de mantener la
homeostasis sin el apoyo terapéutico.

Posteriormente, en el ano 2001 la SCCM, la European Society of Intensive Care
Medicine (ESICM), la ACCP, la American Thoracic Society (ATS) y la Surgical
Infection Society (SIS)® celebraron una nueva conferencia de consenso para revisar la
definicion de sepsis (Tabla IT). Se aumentaron los criterios para definir la sepsis, de
forma que la presencia de cualquier signo de respuesta inflamatoria sistémica
secundario a una infeccion puede ser interpretado como un signo de sepsis. La
definicion de sepsis grave permanecid sin cambios respecto a la primera conferencia de
consenso, mientras que la de shock séptico se modifico por el fallo circulatorio agudo
caracterizado por hipotension arterial persistente inexplicable por otras causas. El
sindrome de disfuncion organica multiple se mantuvo como un cuadro clinico que se
caracteriza por disfuncion progresiva, y en ocasiones, secuencial, de dos o mas érganos,
que no pueden mantener la homeostasis sin una intervencion terapéutica. EI SDOM
puede clasificarse como SDOM primario cuando la disfuncién ocurre como
consecuencia directa de una lesion conocida (por ejemplo, insuficiencia renal aguda
debido a rabdomiolisis), o secundario cuando esta disfuncién se produce como
consecuencia de la respuesta del huésped a la agresion (por ejemplo, sindrome de distrés
respiratorio agudo en un paciente con una sepsis de foco abdominal).

Un aspecto importante de estas definiciones es el concepto de los sindromes
sépticos como un espectro continuo de gravedad, pudiéndose considerar sepsis, sepsis
grave y shock séptico diferentes estadios de la sepsis con una morbilidad y mortalidad

progresivamente mayores.
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Tabla II. Criterios diagndsticos de Sepsis segiin la conferencia de consenso del 2001 de la

SCCM/ESICM/ACCP/ATS/SIS

Infeccion, documentada o sospechada y alguno de los siguientes elementos:

Variables Generales

Fiebre (Temperatura central > 38,3°C)

Hipotermia (Temperatura central < 36°C)

Frecuencia cardiaca > 90 latidos por minuto o >2 desviaciones estandar sobre el valor normal
para la edad

Taquipnea

Alteracion del estado mental

Edema significativo o balance de fluidos positivo (>20 mL/kg en 24 h.)

Hiperglicemia (Glucosa plasmatica > 120mg/dL o 7,7 mmol/L) en ausencia de diabetes

Variables Inflamatorias

Leucocitosis (> 12.000 pL™)

Leucopenia (< 4.000 pL™)

Recuento leucocitario normal con mas de 10% de formas inmaduras.

Proteina C Reactiva (PCR) mas de dos desviaciones estandar por encima del valor normal.
Procalcitonina plasmatica mas de dos desviaciones estandar por encima del valor normal.

Variables Hemodinamicas

Hipotension arterial (PAS < 90 mm Hg, PAM <70 mm Hg, o descenso de la PAS > 40 mm Hg
en adultos o PAS inferior a dos desviaciones estandar por debajo del valor normal para la edad).
Indice cardiaco > 3,5L/min/m?

Variables de Disfuncion Organica

Hipoxemia arterial (PaO,/Fi0,< 300)

Oliguria aguda (volumen urinario < 0,5 mL/kg/h durante al menos 2 h pese a la adecuada
resucitacion con fluidos

Aumento de la creatinina sérica> 0,5 mg/dL o 44,2 umol/L

Anormalidades de la coagulacion (INR > 1,5 o aPTT> 60 s)

fleo (ausencia de ruidos intestinales)

Trombocitopenia (recuento de plaquetas < 100.000 pL ™)

Hiperbilirrubinemia (Bilirrubina plasmatica total > 4 mg/dL670 umol/L)

Variables de Perfusiéon Tisular
Hiperlactacidemia (>1 mmol/L)
Disminucion del relleno capilar

Fuente: Levy MM, Fink MP, Marshall JC, et al: 2001 SCCM/ESICM/ACCP/ATS/SIS
International SepsisDefinitions Conference. Crit Care Med 2003, 31 :1250-1256°

PAS: Presion arterial sistolica, PAM: Presion arterial media, PaO,: Presion parcial de oxigeno
en sangre arterial, FiO,: Concentracion de oxigeno en el aire inspirado, INR: International
normalized ratio.

31



2. Epidemiologia de la sepsis

Se estima que en Estados Unidos ocurren anualmente 400.000 casos de sepsis y
200.000 casos de shock séptico, responsables de 100.000 muertos al afio’. Existe
ademas un aumento progresivo, explicado en parte por el mayor nimero de pacientes
inmunodeprimidos y por la creciente longevidad de la poblacion. La sepsis se presenta
en un 2% de los pacientes hospitalizados, y entre un 4,5% y un 49% de los pacientes
ingresados en las unidades de cuidados intensivos (UCI), segun diferentes estudios™,
siendo la enfermedad mas prevalente y la causa més frecuente de muerte en las UCI no
coronarias’.

En nuestro entorno, el 28% de los pacientes con sepsis que ingresan en el hospital
desarrollaran sepsis grave, y el 30% de éstos, shock séptico, siendo la mortalidad
creciente. En la primera década del siglo XXI se describian cifras del 6,7%, 20,7% y
45,7%, de mortalidad para estos pacientes, respectivamente’ (Figura 2).

La sepsis se produce tanto como consecuencia de infecciones adquiridas en la
comunidad como de infecciones nosocomiales. La neumonia es la causa mas comun de
sepsis grave y representa la mitad de los casos, seguido de las infecciones

intraabdominales y de las infecciones del tracto urinario’.
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Figura 2. Epidemiologia de la Sepsis en Espafia

——

—_

W
Fuente: Esteban A. Crit Care Med 2007’

En los ultimos afios se han conseguido avances importantes en el reconocimiento y
tratamiento precoz de la sepsis, con mejoras significativas en la mortalidad, estimandose
alrededor del 20% en los casos de sepsis grave y shock séptico en los tltimos estudios *
10 q; : 411,12 : .

. Sigue siendo, por tanto, elevada . Si consideramos que el incremento en la
supervivencia debido a mejorias en el diagndstico precoz y tratamiento antibidtico y de
soporte estan llegando a su techo, es necesario buscar tratamientos que incidan en la

fisiopatologia para reducir la mortalidad. Y para ello es necesario conocerla mejor.
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3. Fisiopatologia de la sepsis

3.1. Generalidades

La respuesta normal del huésped a la infeccion es un proceso complejo que intenta
localizar y controlar la invasion bacteriana, mientras se inicia la reparacion del tejido
lesionado. Esta respuesta incluye la activacion de las células fagociticas, asi como la
generacion de mediadores pro y antiinflamatorios. Cuando esta respuesta se generaliza y
envuelve tejidos normales lejanos al sitio primario de la infeccion o de la lesion
hablamos de sepsis.

Los factores de riesgo para fallecer por sepsis se asocian tanto con la predisposicion
del paciente para presentar una infecciéon como con la probabilidad de progresar a sepsis
grave/shock séptico y desarrollar SDOM una vez instaurada la infeccion. Existen varios
factores de riesgo conocidos para presentar infecciones que mas susceptiblemente
desembocaran en sepsis grave o shock séptico, incluyendo las enfermedades cronicas
(sindrome de inmunodeficiencia adquirida, enfermedad pulmonar obstructiva crénica,
neoplasias, etc.) y el uso de farmacos inmunosupresores. La edad, el sexo y la raza o
grupo étnico también influyen en la incidencia de la sepsis grave, pues es mayor en
nifios y personas de edad avanzada, en hombres que en mujeres, y en pacientes de raza
negra que en pacientes de raza blanca. Sin embargo, los factores de riesgo para
desarrollar el SDOM en los pacientes con este tipo de infecciones que presentaran
sepsis grave o shock séptico no estan bien definidos. Probablemente influyen el
microorganismo causal, los factores genéticos del huésped, la funcion previa del 6rgano
alterado y la precocidad en la instauracién del tratamiento 6ptimo para la infeccion® "3,

La sepsis es la culminacién de interacciones complejas entre el microorganismo
infeccioso y la respuesta inmune, inflamatoria y de la coagulacion del huéspedlz’M. En

. 15 . e
este sentido, Bone y cols. ~ postularon que, tras una respuesta proinflamatoria inicial, se
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daba paso a un “sindrome de respuesta inflamatoria compensatoria o antiinflamatoria”.
Sin embargo, posteriormente se evidencid que la infeccion desencadena una respuesta
del huésped mas compleja, variable y prolongada en el tiempo en la cual los
mecanismos antiinflamatorios y proinflamatorios podian contribuir, por un lado, a la
eliminacion de la infeccion y la recuperacion del tejido dafiado, o por otro lado, al
fracaso multiorganico y a la aparicion de otras infecciones.

La respuesta a la infeccion en cualquier paciente depende del patogeno causante
(indculo y virulencia) y del huésped (caracteristicas genéticas, comorbilidad, etc.), con
respuestas diferentes a nivel local, regional y sistémico, y con multiples factores
implicados (Figura 3). El tipo de respuesta del huésped probablemente cambia con el
tiempo en paralelo con el curso clinico. En general, se cree que las respuestas
proinflamatorias (dirigidas a la eliminacion de los patdgenos invasores) son
responsables del dafio tisular colateral en la sepsis grave, mientras que las respuestas
antiinflamatorias (importantes para limitar la lesion tisular local y sistémica) estan
implicadas en la mayor susceptibilidad a infecciones secundarias.

Entre los diferentes actores y sistemas implicados en la fisiopatologia de la sepsis y
su evolucion a sepsis grave / shock séptico y fracaso multiorganico, dos especialmente
relevantes son el sistema inmunitario, con sus respuestas innata y adaptativa, y el

sistema hemostatico de la coagulacion.
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Figura 3. Respuesta del huésped en la sepsis grave.

La respuesta del huésped a la sepsis se caracteriza por una respuesta proinflamatoria (parte
superior de la figura, en rojo) y una respuesta antiinflamatoria (parte inferior de la figura, en
verde). La direccion, la extension y la duracion de estas reacciones se determinan por factores
del huésped (por ejemplo, las caracteristicas genéticas, la edad, las enfermedades coexistentes) y
factores del microorganismo (por ejemplo, la carga microbiana y la virulencia). La respuesta
inflamatoria se inicia con la interaccion entre los patrones moleculares asociados a patdogenos
(PAMP) y los receptores de reconocimiento de patrones (PRR) presentes en la superficie de las
células inmunes del huésped (por ejemplo, Receptores tipo Toll (TLR, Receptores Scavenger)).
Una respuesta inflamatoria exagerada produce dafio colateral del tejido y muerte celular por
necrosis, que da como resultado la liberacion de patrones moleculares asociados al dafio
(DAMP) que perpetiian la inflamacién actuando sobre los mismos PRR que son activados por
los patdgenos.
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3.2.Respuesta inmune innata y adaptativa en la sepsis

3.2.1. Generalidades

El sistema inmunitario estd formado por los organos linfoides primarios (médula
Osea y timo) y los secundarios (ganglios linfaticos y bazo), los cuales producen y
activan todo el componente celular de la inmunidad (tanto innata como adaptativa):
linfocitos T, linfocitos B, células presentadoras de antigenos (células dendriticas,
monocitos y macréfagos) y células Natural Killer (NK).

La inmunidad innata es la primera linea de defensa (tras la piel y mucosas), de
accion inmediata frente al agente infeccioso. No posee mecanismos especificos de
reconocimiento del antigeno sino que tiene un desarrollo innato ante agentes
infecciosos, y no genera memoria inmunoldgica. Sus principales componentes son
células con capacidad de fagocitosis (monocitos-macréfagos, células dendriticas,
granulocitos) y células NK, ademas de moléculas solubles como el complemento, las
colectinas, la proteina C reactiva y otras pentraxinas, la proteina fijadora de
lipopolisacarido, los péptidos antimicrobianos, las citoquinas y otros mediadores con
actividad antiinfecciosa'®.

La inmunidad adaptativa se caracteriza por una accidon mas tardia frente al
patdgeno, y que posee mecanismos de reconocimiento especifico del antigeno y
desarrolla memoria inmunologica. Dentro de sus principales componentes encontramos
los linfocitos B y T, ademas de moléculas solubles como los anticuerpos'”.

La clasificacion de la inmunidad innata y adaptativa es de caracter académico y util
para la comprension del proceso de reconocimiento y respuesta inmune, pero en la
realidad bioldgica y clinica, ambos tipos de inmunidad se solapan y comparten

mecanismos celulares y moleculares.
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La respuesta del huésped a la infeccion se inicia a través de la inmunidad innata.

Las células del sistema inmune innato, particularmente los macréfagos, reconocen y se

unen a los componentes de la pared microbiana. Esto puede ocurrir a través de varias

vias:

Los receptores de reconocimiento de patrones (PRR, por sus siglas en inglés,
Pattern recognition receptor), presentes en la superficie de las células
inmunes del huésped, pueden reconocer y unirse a los patrones moleculares
asociados a patdégenos (PAMP, por sus siglas en inglés, Pathogen-associated
molecular patterns) de los microorganismos. Existen varios tipos de PRR:
los receptores tipo Toll (TLRs, Toll-like receptors), los receptores NOD
(nucleotide-oligomerization domain), los RLRs (retinoic-acid-inducible
gene I receptors) ' y los receptores Scavenger entre los que se incluyen el
CDS5 y CD6, moléculas de la superfamilia de receptores SRCR (Scavenger
Receptor Cysteine-Rich). Entre los PAMP se incluyen estructuras
microbianas ampliamente distribuidas y conservadas, ausentes en el
huésped, y esenciales para la viabilidad del patégeno, como los
lipopolisacaridos (LPS) de las bacterias Gram negativas y el acido
lipoteicoico (ALT) y los peptidoglicanos (PGN) de las bacterias Gram
positivas.

La activacion del receptor expresado en células mieloides (TREM-1) y el
receptor mieloide DAP12 asociado a leptina (MDL-1) en las células inmunes

del huésped, que puede reconocer y unirse a los componentes microbianos .

La union de los receptores de superficie de las c€lulas inmunes del huésped a los

componentes microbianos tiene multiples efectos. Por un lado, estimula la sefializacion

intracelular en  diferentes tipos celulares, fundamentalmente leucocitos

38



polimorfonucleares (PMN) y células endoteliales, incrementando la transcripcion de
moléculas proinflamatorias como el factor de necrosis tumoral a (TNF-a) o la
interleuquina (IL)-1B, quimioquinas y moléculas de adhesiéon como la ICAM-1
(Intercellular Adhesion Molecule-1) o la VCAM-1 (Vascular Cell Adhesion Molecule-
1), asi como citoquinas antiinflamatorias como la IL-10""?°. Las citoquinas
proinflamatorias, a su vez, también estimulan a las moléculas de adhesion de los PMN y
las células endoteliales’’. La Tabla III muestra los mediadores proinflamatorios y
antiinflamatorios cominmente implicados en la sepsis.

Entonces los PMN se activan y expresan moléculas de adhesion que causan su
agregacion y marginacion al endotelio vascular™?®. Esto es facilitado por la expresion
de moléculas de adhesion en el endotelio vascular que atraen mas PMN. Tras esta union
al endotelio vascular, los PMN, a través de una serie de etapas (rodadura o rolling,
adhesion, diapédesis y quimiotaxis), migran al lugar de la lesion (Figura 4)*°

La liberacion de mediadores inflamatorios por los PMN en el lugar de la infeccion
es la responsable de los signos cardinales de la inflamacidon. Aunque esta activacion de
los PMN elimina a los microorganismos, también lesionan el endotelio a causa de la

liberacion de mediadores inflamatorios que incrementan la permeabilidad vascular

produciendo edema en los pulmones y otros tejidos.
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Tabla III. Principales mediadores proinflamatorios y antiinflamatorios implicados en la

sepsis

Moléculas proinflamatorias

Moléculas antiinflamatorias

TNF-a

Linfotoxina alfa

IL-1,-2,-8,-12, -18, -22

PCR

IFN vy

CD14, MD2

C5a

Lectina

Factor activador de plaquetas
Leucotrienios

Bradicininas

Oxido nitrico

ERN

ERO

Factor estimulador de colonias de
granulocitos-macrofagos (GM-CSF)
Factor de inhibicion de migracion de
macrofagos (FMI)

Proteina de alta movilidad grupo box1
Histamina

Trombina

Factor X

Complejo del factor VII

Receptor de activacion expresado en
células mieloides (TREM-1)

Células necroticas

Antagonista del receptor de IL-1
TNF soluble

Receptor tipo 11 de IL-1
Receptor soluble de 1L-1
IL-4,-6,-10,-11,-13
Prostaglandina E2-a

Factor estimulador de colonias de granulocitos
Antioxidantes enddgenos
Glutation

Selenio

Vitamina E

Antitrombina

Proteina C activada

Inhibidor de la via del factor tisular
Trombomodulina soluble
IFNayp

Glucocorticoides

Estrogenos

Epinefrina y otras catecolaminas
Agonistas colinérgicos

Células apoptoticas

TGF B

TNF-a: Factor de necrosis tumoral alfa, IL-: Interleuquina, PCR: Proteina C Reactiva, IFN-y:
Interferon gamma, CD14: cluster de diferenciacion 14, ERN: Especies reactivas del nitrogeno,
ERO: Especies reactivas del oxigeno, TGF-B: Factor de crecimiento transformante beta.
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Figura 4. Respuesta inflamatoria aguda

Los neutréfilos son las primeras células en alcanzar el lugar de la infeccion y contribuyen de
forma importante a la respuesta inflamatoria. Ruedan (rolling) a lo largo de la pared del
endotelio y la L-Selectina de su superficie se une a estructuras del endotelio vascular con
hidratos de carbono, tales como el Sialyl Lewis X y detienen su avance. En este momento el
neutrofilo se activa reemplazando la L-Selectina por otras moléculas de adhesion como las
integrinas, que se unen a la E-Selectina presente en la pared de los vasos sanguineos como
resultado de la influencia de mediadores inflamatorios (lipopolisacaridos bacterianos, IL-1,
TNF-a). Los neutrofilos activados entran en los tejidos donde son atraidos al lugar de la
infeccion por diferentes factores quimiotacticos. Alli pueden fagocitar y destruir al
microorganismo.

Adhesion Diapedesis
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Fuente: Delves PJ. N EnglJ Med 2000

El balance entre los mediadores proinflamatorios y antiinflamatorios regula el
proceso inflamatorio, incluida la adherencia, quimiotaxis y la fagocitosis del
microorganismo infeccioso, la eliminacion del microorganismo y la fagocitosis de los

34

residuos del tejido lesionado Si hay un equilibrio entre los mediadores

proinflamatorios y los antiinflamatorios, el insulto infeccioso inicial se supera y se logra
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recuperar la homeostasis del paciente. El resultado final sera la reparacion de los tejidos
y la curacién .

Los microorganismos responsables de la infeccion también estimulan la respuesta
inmune adaptativa (humoral y mediada por células) que amplifican la respuesta inmune
innata **-.

La respuesta inmune adaptativa se desarrolla mediante dos mecanismos
fundamentales: la respuesta inmune humoral, donde los linfocitos B juegan un papel
preponderante; y la respuesta inmune celular, donde los linfocitos T son las células méas
importantes®’ Estas respuestas comienzan con la activacion de los linfocitos en los

organos periféricos a través de las células presentadoras de antigeno, que alcanzan estos

organos a través de la circulacion linfatica, desencadenando las siguientes fases:

e Fase de reconocimiento: Consiste en la union del antigeno extrafio a los
receptores especificos existentes en la membrana de los linfocitos maduros. Los
linfocitos B expresan moléculas de anticuerpos sobre su superficie que se unen a
proteinas extrafas, polisacaridos o lipidos en su forma soluble. Los linfocitos T
expresan los llamados receptores de célula T (TCR), que reconocen pequenas
secuencias de péptidos antigénicos, pero solamente si €stos se encuentran unidos
a moléculas del complejo mayor de histocompatibilidad (CMH) sobre la célula
presentadora de antigeno. Los primeros en efectuar este reconocimiento son los
linfocitos T CD4+.

e Fase de activacion: Secuencia de eventos que se producen en los linfocitos
como resultado del reconocimiento antigénico especifico. Todos los linfocitos
experimentan dos cambios fundamentales:

o Proliferacién: Expansion de los clones antigeno-especificos y

amplificacion de la respuesta protectora, en la que asume una funcion
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preponderante el linfocito T CD4+, capaz de activar a los linfocitos B y
T CD8+.

Diferenciacion: En esta fase se forman las células efectoras y las de
memoria. Las primeras producen diversas sustancias que pueden
interactuar con el antigeno, como los anticuerpos y linfocinas; las
segundas son linfocitos parcialmente diferenciados, es decir, que no
llegan a convertirse en células efectoras, y que sirven para que, en caso
de una segunda exposicion al antigeno, la respuesta efectora ocurra de
forma mucho mas répida y eficiente. Los linfocitos T CD4+, se
diferenciaran en 2 clases de células efectoras: linfocitos T helper 1 (Thl)
y los linfocitos T helper 2 (Th2). El modo como surgen ambas lineas
celulares no ha sido totalmente definido, pero si estd clara la influencia
de citoquinas 7 La IL-12 y el IFN-y, producidos por macrdéfagos y
células NK ** en fases tempranas de la infeccién y como respuesta a
virus y bacterias intracelulares, suelen desarrollar las células Thl. Por el
contrario, si la célula T CD4+ es activada en presencia de IL-4 e IL-6,
tiende a diferenciarse en Th2 y se inhibe la elaboraciéon de Thl. Los
linfocitos Thl generalmente secretan citoquinas proinflamatorias, tales
como TNF-o e IL-1B, y los linfocitos Th2 secretan citoquinas
antiinflamatorias como IL-4 e IL-10, dependiendo del organismo
infectante, la carga de la infeccidén, y otros factores. Ademas, si los
microorganismos agresores estimulan la via humoral de defensa, la
subclase T CD4+ que predomina es la Th2, cuya funcion serd activar a
los linfocitos B, que entonces proliferaran y se diferenciardn en células
plasmaticas productoras de anticuerpos. Las células Th1l pueden también

activar a los linfocitos T CDS8+, que proliferan y se diferencian en T
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CD8+citotoxicos para actuar directamente en la destruccion de las
células infectadas por patogenos intracelulares™.

e Fase efectora: Los linfocitos T diferenciados en células efectoras migran hacia
los sitios de agresion, donde desarrollan sus funciones de eliminacion de los
patogenos, mientras los linfocitos B las ejecutan en los propios oOrganos
periféricos. Muchas de estas acciones efectoras promueven la participacion de
células no linfoides y de mecanismos de inmunidad innata, como anticuerpos
opsonizantes que favorecen la fagocitosis por parte de macrofagos y neutrofilos
PMN, anticuerpos que activan el sistema del complemento, inmunoglobulinas E
que estimulan la degranulacién de los mastocitos, citocinas segregadas por los

linfocitos T que estimulan la inmunidad natural...

Entre los factores importantes en la activacion y regulacion de la respuesta inmune
en la sepsis encontramos las moléculas de adhesion, la lectina fijadora de manosa y los

receptores linfocitarios.

3.2.2. Moléculas de adhesion en la sepsis
Como se ha comentado previamente, la secuencia fisiopatologica en la sepsis
incluye la liberacion de citoquinas y la activacion endotelial y de los PMN, iniciando

40-44 .
. Posteriormente se

una cascada de interacciones y adhesiones endotelio-PMN
produce la migracion transendotelial con la consecuente lesion microvascular y tisular.
De hecho, la respuesta inmune innata y adaptativa depende de la migracion de los PMN
a través de las células endoteliales. Multitud de autores han descrito que el dafio
endotelial y tisular en la sepsis se correlaciona con la intensidad de la respuesta

inflamatoria y con el secuestro de los PMN hacia los tejidos™ .
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La adhesion de los PMN al endotelio esta regulada por las moléculas de adhesion.
Estas moléculas de adhesion estan presentes en las células mononucleares circulantes y
en las células endoteliales. Existen tres familias de moléculas de adhesion especialmente
relevantes en la interaccion leucocito-endotelio: las selectinas, las integrinas y las
moléculas de la superfamilia de las inmunoglobulinas®®~®.

Entre las selectinas, la P-selectina participa principalmente en el reclutamiento
precoz de los leucocitos durante la respuesta inflamatoria, mientras que la E-selectina,
que se expresa en las células endoteliales estimuladas®’, juega un papel fundamental en
la fase inicial de la adhesion, facilitando la rodadura (rolling) de los leucocitos a lo largo
de la membrana endotelial como preludio de la adhesion leucocitaria. Esta adhesion esté
mediada por la interaccion con la ICAM-1, presente en la membrana de los neutréfilos,
con ligandos de las selectinas tales como el Sialyl Lewis X, que se expresan en las
células endoteliales y pueden interactuar con las selectinas bajo situaciones
inflamatorias®®*®. En este sentido, varios estudios han demostrado que los niveles
elevados de E- y P-Selectina se relacionaban con una mayor gravedad y mortalidad en

27,47,48

la sepsis , aunque también hay estudios que mostraron un efecto protector de estas

2324930 Brinkman-van der Linden y cols.”’

moléculas en los sindromes sépticos
mostraron, por otro lado, que pacientes que fallecian con shock séptico de cualquier
causa tenian niveles mas elevados de Sialyl Lewis X que los que sobrevivian.

Las integrinas son responsables de la adhesiéon de los leucocitos a las células
endoteliales. E1 VLA-4 (very late antigen-4) es una integrina expresada en los
eosinofilos, linfocitos y monocitos que se une a la VCAM-1 y es importante para la
acumulacion de estos tipos de células en los sitios de infeccién’’. El LFA-1
(Lymphocyte function associated antigen-1), Mac-1 y gp 150/95 son otras integrinas

responsables de la adhesion y transmigracion de los leucocitos a través de las células

endoteliales’ 2. Prince y cols.”® describieron que los ratones con deficiencia de LFA-1
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que desarrollan sepsis tienen mayor mortalidad. De forma similar y también en modelos
experimentales de sepsis en ratones Kadiogly y cols.”® hallaron que la deficiencia de
Mac-1 y VLA-4 en células mononucleares de sangre periférica (PBMC, de sus siglas en
inglés Peripheral blood mononuclear cells) se asocia a una mayor carga bacteriana
pulmonar y sanguinea.

Respecto a las moléculas de la superfamilia de inmunoglobulinas, en las que se
incluyen la VCAM-1 y la ICAM-1, son moléculas expresadas en las células endoteliales
que interactuan con las integrinas de los leucocitos y estan implicadas en la adhesion
firme y la transmigracién de los leucocitos®”™’. Diversos estudios han demostrado
niveles sanguineos elevados de las formas solubles de VCAM-1 e ICAM-1 en sepsis y

asociados a la disfuncién organica en estos pacientes” >~

. Sin embargo, existen
estudios en modelos murinos de sepsis que ofrecen resultados contradictorios, como los
de Hildebrand y cols.’” o los de Steeber y cols.”’, en los que ratones sépticos con
deficiencia de ICAM-1 (ICAM-I'/ ) son mas resistentes a desarrollar shock séptico y
presentan una mayor tasa de supervivencia.

Finalmente, el reclutamiento de leucocitos se rige por quimioquinas™. El MCP-1
(monocyte chemoattractant protein-1) es una quimioquina que regula la migracion e
infiltracion de monocitos, linfocitos T y células NK, y parece influir en la inmunidad

celular mediada por los linfocitos T %’

En modelos murinos de sepsis, la
administracion de MCP-1 produce un efecto beneficioso mediante la obtencion de
diferentes subpoblaciones de leucocitos necesarias para contener localmente el insulto
inicial y eliminar los patogenos™.

Por tanto, la expresion de las moléculas de adhesion en pacientes sépticos en
general se ha asociado con la gravedad, el desarrollo SDOM y la mortalidad. Sin

embargo, no existen datos sobre la funcidon y expresion de las moléculas de adhesion en

los sindromes sépticos secundarios a una causa especifica como la neumonia adquirida
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en la comunidad, y hay pocos datos sobre la funcion de los leucocitos en relacion a estas

moléculas.

3.2.3. Lectina Fijadora de Manosa (MBL) en la sepsis

La Lectina fijadora de Manosa (MBL por sus siglas en inglés Mannose-binding
lectin) es una glicoproteina perteneciente a la familia de las lectinas tipo C que
constituye un elemento importante del sistema inmunologico innato del huésped. Tiene
una estructura oligomérica (400-700 kDa) constituida por subunidades que contienen
tres cadenas peptidicas presumiblemente idénticas de aproximadamente 30 kDa cada
una®®?, Sintetizada principalmente por el higado®, la MBL se une a los carbohidratos
presentes en la superficie de los microorganismos patdégenos, mediando la opsonizacion
directamente o por medio de la activaciéon del complemento por la via de las lectinas®*.
En el suero estd presente principalmente en forma de oligdmeros (principalmente
trimeros o tetrdmeros) unidos a las proteinas asociadas con la Serina (MASP y MASP2
por sus siglas en inglés, de MBL-Associated Serine Proteases) que son también

64-6 . .
7. Una vez unidas a los residuos de

sintetizadas principalmente en el higado
carbohidratos, el complejo MBL/MASP2 actia como una opsonina para favorecer la
fagocitosis de numerosos patogenos y activar el complemento®®. Pero la MBL no sélo
estd implicada en la activacion del complemento, sino que también es un potente
modulador de la produccién de citoquinas proinflamatorias®. Adicionalmente, la MBL
es capaz de aumentar el aclaramiento de endotoxinas a través de las células de Kupffer

%'y el aumento del recambio del fibrindgeno por escision de la protrombina, generando

trombina’’.

Se han reportado tres mutaciones que implican un cambio funcional en estas

proteinas, polimorfismos de un solo nucledtido (SNP, de las siglas en inglés single
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nucleotide polymorphisms) en el exon 1 del gen MBL2, consistentes en la introduccion
de sustituciones de aminoacidos en el codon 52 (alelo D), 54 (alelo B), 6 57 (alelo C),
que causan una reduccion de los niveles de MBL debido a problemas de montaje de
monémeros de MBL en oligébmeros funcionales®®. Ademas de estas variantes
estructurales de alelos, otros tres SNP en la regién promotora del gen de la MBL2 en las
posiciones -550 (H/L), +4 (P/Q) y sobre todo -221 (Y/X), influyen en la tasa de
transcripcion y también se asocian a concentraciones bajas en suero de MBL’'7*. La
deficiencia genética de MBL es frecuente y parece predisponer a infecciones graves’,

76-78

fundamentalmente en la primera infancia™™'°, en pacientes bajo tratamiento con

8081 "En las

quimioterapia” y en adultos con otras enfermedades concomitantes
unidades de cuidados intensivos, aunque varios estudios han sugerido la existencia de
una relacidn entre los niveles séricos bajos de MBL y un mayor riesgo de infecciones, la
asociacion con la mortalidad ha presentado resultados contradictorios™ ™.

La MBL no so6lo forma parte del sistema inmune innato participando en el
reconocimiento de patdgenos invasores, sino que también modula la produccion de
citoquinas por parte de los macréfagos durante la fagocitosis. Este efecto sobre la I1L-6,
la IL-1B y el TNF-a fue demostrado en un modelo ex vivo de infeccion por Neisseria
meningitidis®. Por ello el déficit de MBL puede estar asociado con una alteracion de la
respuesta proinflamatoria tanto en respuesta a desencadenantes infecciosos como no
infecciosos. Fidler y cols.®® describieron en pacientes criticos pediatricos que niveles de
MBL menores de 1.000ng/mL, en relacion a polimorfismos en el exén 1 del gen de la
MBL-2, aumentaron significativamente el riesgo de desarrollar SRIS y de progresion de
sepsis a sepsis grave/shock séptico. Ademas, el grado de déficit de MBL de acuerdo con
el perfil genético se correlacion6 con la gravedad de la infeccion en pacientes con

SRIS™. Esta asociaciéon entre el déficit de MBL y el peor prondstico durante las

infecciones graves (por ejemplo: evolucién a shock séptico refractario) puede estar
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también relacionado con la interaccidon existente con la activacion del complemento, las
citoquinas inflamatorias y la cascada de la coagulacion. La influencia de la activacion
del complemento en el desarrollo de shock séptico ha sido ampliamente estudiada,
habiéndose demostrado como la via cléasica y alternativa del complemento se activan
durante el shock séptico y estan involucradas en los mecanismos destinados a eliminar
las endotoxinas de los patogenos. Mas recientemente, este papel ha sido evaluado
también para la activacion del complemento por la via de las lectinas y la MBL®"*®,

Por otro lado datos recientes sugieren que el déficit de MBL puede ser un factor de
riesgo para el desarrollo precoz de coagulacion intravascular diseminada (CID) y fallo
organico durante las infecciones graves®". Por el contrario, una expresion excesiva de
MBL puede ser perjudicial, dado que la MBL puede contribuir a un exceso de respuesta
inflamatoria induciendo dafio endotelial y fallo orgénico tal y como se observd en
pacientes con trasplante de 6rgano solido’".

Por lo tanto la MBL, debido a su papel fundamental en la implicacién en la
activacion del complemento, la cascada de la coagulacion y la respuesta inflamatoria
sistémica, puede representar un punto clave para la comprensioén del desarrollo de la
sepsis tal y como se ha demostrado en estudios en modelos animales y en estudios
clinicos con pacientes con sepsis grave o shock séptico™>*>#892-100,

Ademas de los polimorfismos MBL2, también se ha descrito una deficiencia
hereditaria de MASP2. Esta deficiencia se debe a una mutacion homocigota en el exon
3 del gen MASP?2, resultando en un cambio de acido aspartico a glicina en la posicioén
105 (Aspl105Gly) de la proteina de dominio CUBI1, que es una region esencial para la
formacion del complejo funcional MBL/MASP2. Esta mutacion hace que las MASP2
sean incapaces de unirse a la MBL y por lo tanto interrumpe la activacion del
complemento a través de la via de la MBL y también disminuyen los niveles

plasmaticos de MASP2'"1%2 1 os pacientes heterocigotos para la MASP2 Aspl05Gly,
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por el contrario, no tienen ningun impedimento para la activacion del complemento a
través de la via de la lectina'®"-'%1%%,

Se han identificado otras variantes adicionales en el exon 3 del gen de la MASP2
que no producen una disminucién de los niveles plasmaticos de MASP2 ni una
disminucién de la actividad'*>'®.

La posible asociacion entre el déficit de MASP2 y la susceptibilidad a las
infecciones sigue siendo motivo de controversia. Diversos autores han demostrado que
la deficiencia de MASP2 aumenta el riesgo de neutropenia febril en pacientes
pediatricos con neoplasias'”’ y aumenta el riesgo de aspergilosis invasiva en pacientes
con trasplante alogénico de médula ésea'®®. Por otro lado, otros autores no han
demostrado un aumento de la frecuencia de la mutacion Aspl105Gly SNP en pacientes
adultos con neumonia adquirida en la comunidad, ni un aumento en pacientes con
infeccion por el Virus de la Inmunodeficiencia Humana (VIH) con bacteriemias por
neumococo, ni entre pacientes trasplantados renales con complicaciones
infecciosas'**1%11.

Sin embargo no hay estudios que evaltuen la implicacion de los polimorfismos de la

MBL2 y de la MASP2 en el prondstico de pacientes criticos con SRIS.

3.2.4. Receptores linfocitarios CDS y CD6 solubles en la Sepsis

Como se ha comentado con anterioridad, el reconocimiento de los microbios por el
sistema inmunitario es esencial para la defensa del huésped, ya que desencadena
respuestas efectoras, tales como la fagocitosis y la inflamacion para promover el
aclaramiento del patdgeno, su eliminacion, la reparacion del tejido lesionado y la
induccion de la respuesta inmune adaptativa'®. Para ello, entre otras cosas, es necesario

el reconocimiento de los PAMP por los PRR, ya sean solubles y/o unidos a la
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membrana de la superficie de las células inmunes innatas'?. Entre los PRR se incluyen
los receptores Scavenger, un numero relativamente pequefio de receptores no
polimorficos codificados de linea germinal que pertenecen a diferentes familias de
proteinas funcionales y estructurales, siendo una de ellas la superfamilia de receptores
scavenger ricos en cisteina (SRCR-SF)''". Esta superfamilia actualmente incluye mas
de 30 miembros que se encuentran en todos los animales. En los mamiferos, los
miembros de la SRCR-SF se encuentran expresados en células mieloides (SR-AI,
MARCO, CD163, Spa), linfoides (CD5, CD6), y en las c¢lulas epiteliales (SCARAS,
DMBT1, S5D-SRCRB), donde presentan multiples capacidades funcionales incluyendo
el reconocimiento de las PAMP de origen bacteriano, flingico, viral y/o
parasitario' '*''?. Estas proteinas pueden estar expresadas en la superficie celular o como
moléculas solubles. Los receptores de CD5 y CD6 son los tnicos 2 miembros de la
SRCR-SF que se expresan en los linfocitos T convencionales y en los linfocitos
Bla!l411s

El CD6 es una glicoproteina transmembrana de 105-130 kDa expresada
principalmente en los linfocitos (células T, Bla), células NK, precursores
hematopoyéticos y ciertas regiones cerebrales''™!''®. El CD6 ha estado implicado
clasicamente en la adhesion celular relevante para la activacion y diferenciacion de los
linfocitos, mediante la interaccion con la molécula de adhesion celular activada de
leucocitos CD166/ALCAM'". El CD6 se une con el receptor de células T (TCR) y el
complejo CD3 y, junto a ellos, se localiza en el centro de la sinapsis inmunologica,
donde su interaccion con CD166/ALCAM resulta critica para la maduracion y la
estabilizacién de esta estructura de sefializacion''®. Como se ha descrito para otros
receptores de los linfocitos, se han hallado formas solubles de CD6 (sCD6) en el suero
humano''*">"%12° T4 funcién exacta del sCD6 es desconocida pero podria funcionar

como un receptor de reclamo, evitando asi la union del CD6 de membrana a ligandos
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endogenos como el CD166/ALCAM o a ligandos exdgenos como los PAMPs. De
hecho, el CD6 de membrana puede detectar y sefialar la presencia de PAMPs
bacterianos y el sCD6 recombinante (rsCD6) se une tanto a bacilos Gram negativos
(Escherichia coli) como bacilos Gram positivos (Staphylococcus aureus), un hecho que
concurre a través del LPS y ALT, respectivamente’'*'2"+122,

El CDS5 es una glicoproteina transmembrana de 67 kDa que se encuentra en los
timocitos, en los linfocitos T maduros, en los linfocitos Bla normales y en el
subconjunto de células B de la leucemia linfocitica cronica B (LLC-B)'**'%. Los
estudios funcionales implican al CD5 en la activacion linfocitaria, el desarrollo de los
linfocitos T, y en las interacciones de los linfocitos T con las células presentadoras de
antigeno'?*. El CD5 se asocia fisicamente con el antigeno especifico del receptor de los
linfocitos T (RCT) como de los linfocitos B (RCB), y tal como se ha descrito para el
CD6, se han hallado formas solubles de CD5 (sCD5) en el suero humano'*'’.

Recientemente se ha descrito que tanto el sCD5 como el sCD6 podrian tener un

H4AHS128 14 administracion

papel relevante en la fisiopatologia de la sepsis
intraperitoneal de formas recombinantes de sCDS5 y sCD6 (rsCDS5 y rsCD6) se ha
asociado con mejores tasas de supervivencia en modelos experimentales murinos de
sepsis, tanto de origen fingico en el caso de sCD5, como bacteriano en el caso de sCD6.
Se ha demostrado que el rsCD6 se une con una relativa alta afinidad a los componentes
de la pared celular de bacterias Gram negativas como el LPS o de bacterias Gram
positivas como el ALT, mientras que el rsCD5 lo hace a componentes de la pared
celular de hongos sapréfitos o patdgenos, como los B-glucanos lineales. Esta union
induce la agregacion bacteriana o fingica respectivamente, facilitando la fagocitosis y
su aclaramiento de la circulacion por las células fagociticas y reduciendo los niveles
séricos de las citoquinas proinflamatorias inducidas por el patégeno o por los

componentes aislados de la pared celular del patogeno''*''>1%%,
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Sin embargo, a pesar de estos resultados en modelos animales, actualmente no hay

estudios en humanos que evaluen el papel del sCD5 y sCD6 en los sindromes sépticos.

3.3. Sistema hemostatico en la Sepsis

3.3.1. Generalidades

Un aspecto importante de la sepsis y su evolucion a fracaso multiorganico es la
alteracion en el equilibrio entre el balance procoagulante y anticoagulante, basicamente
con un incremento en los factores procoagulantes y una disminucion de los factores
anticoagulantes'®.

En condiciones normales las células endoteliales inhiben la coagulacion yevitan la
agregacion plaquetaria, asi como la adhesion y la migracion de las células sanguineas, y
regulan el tono y la permeabilidad vascular. Los lipopolisacdridos bacterianos y la
liberacion de citoquinas y de otros mediadores inflamatorios inducidos en la sepsis
estimulan a las células endoteliales que activan la via del factor tisular, activando la
cascada de la coagulacién y generando un estado procoagulante, que provoca la
formaciéon de trombos en la microvasculatura agravando y, amplificando la
lesion 29129130
Entre los diferentes agentes involucrados de alguna manera en la activacion y

desarrollo del sistema hemostatico encontramos las ya mencionadas moléculas de

adhesion, asociadas a la activacion endotelial, la MBL, y el ADAMTS-13.
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3.3.2. ADAMTS-13 (A Disintegrin And Metalloprotease with a ThromboSpondin
Type 1 motif, member 13) en la sepsis

El factor de von Willebrand (vVWF) es una glicoproteina multimérica que, entre
otras funciones, realiza dos acciones criticas en la coagulacion. Actia como una
molécula puente en el lugar de la lesién vascular para facilitar la adhesion plaquetaria
normal; y, bajo condiciones de alto cizallamiento, promueve la agregacion
plaquetaria®’. El vWF es sintetizado por las células endoteliales y por los
megacariocitos como una proteina de 2.813 aminoacidos, que posteriormente se somete
a una considerable transformacion, incluyendo dimerizacion y multimerizacién en
formas inusualmente grandes. Los multimeros mas pequenios de vWF, que representan
la mayoria de la proteina sintetizada, son secretadas desde las células endoteliales y los
megacariocitos'*”, mientras que el restante VWF, que incluye los multimeros
inusualmente grandes de vWF (UL-vWF), son dirigidos a los granulos de
almacenamiento citoplasmaticos (cuerpos de Weibel-Palade)de las células endoteliales

y en los granulos a de las plaquetas'>*'*.

Estos granulos de almacenamiento
citoplasmaticos también contienen otras proteinas como moléculas de adhesion celular
(P-selectina), activador tisular del plasmindgeno, CD63 y angiopoyetina. Durante la
sepsis, el VWF es segregado desde las células endoteliales estimuladas como UL-
VWE'

El ADAMTS-13 es una metaloproteasa que escinde los UL-vWF, generando las
formas mas pequenas de vVWF que se encuentran en la circulacion sanguinea (Figura
5)!36-138  La disminucion de los niveles de ADAMTS-13 resulta en la persistencia en la
circulacion de UL-vWF responsables de la formacién de trombos plaquetarios en la
microvasculatura con la consecuente isquemia microvascular y fallo orgédnico en la

137,138

purpura trombotica trombocitopénica (PTT) . Aunque deficiencias graves de

ADAMTS-13 parecen ser un hallazgo especifico en la PTT'*'° déficits leves o
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moderados de su actividad han sido descritos en diferentes situaciones clinicas como en

la coagulacién intravascular diseminada'*, en alteraciones trombocitopénicas diferentes

dela PTT139, en el ictus isquémicom, pacientes con enfermedad coronaria'* , trombosis

arteriales'*, cirrosis hepatica, embarazo, tras cirugia y en algunos sujetos sanos'*.

Figura$. Funcion del ADAMTS-13

En sujetos con niveles normales de ADAMTS-13, éste se une a su receptor en la superficie
celular de las células endoteliales y escinde los multimeros inusualmente grandes del factor de
von Willebrand (UL-vWF) que son secretados por las células endoteliales estimuladas (Panel
A). Las formas mas pequefias del vVWF que circulan después de la escision no inducen la
adhesion y agregacion plaquetaria durante el flujo normal de la sangre. En sujetos con actividad
ausente o gravemente reducida de ADAMTS-13 se impide la escision de los UL-vWF, que

inducen la adhesion y agregacion de las plaquetas en la sangre (Panel B).
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En modelos murinos de sepsis, Lerolle y cols."*! observaron que la actividad de

ADAMTS-13 disminuye, aunque sin hallar relacién entre su actividad y la mortalidad.

Hyseni y cols.'*® observaron en 275 pacientes con SRIS (111 [40,4%] por sepsis) que

aunque los niveles de ADAMTS-13 al ingreso eran iguales entre los que fallecian y los
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supervivientes, los pacientes con niveles mas bajos al tercer dia tenian una mortalidad 4
veces mayor. Martin y cols.'*’” también describieron que los pacientes que presentaban
fracaso orgdnico secundario a sepsis tenian una actividad y unos niveles de ADAMTS-
13 inferiores a los pacientes con fracaso organico secundario a SRIS no infeccioso y a
los controles sanos. Adicionalmente, en los pacientes sépticos el ADAMTS-13 se
correlacioné negativamente con la puntuacion del APACHE-II. Fukushima y cols.'*
constataron que niveles disminuidos de ADAMTS-13 durante la primera semana de
ingreso en la UCI (dias 1, 5 y 7) se correlacionaron con la puntuacion de APACHE-II y
SOFA maximo y con el prondstico. Otros estudios han encontrado niveles disminuidos
de ADAMTS-13 en sepsis, siendo mas pronunciados en la sepsis grave y el shock
séptico y en pacientes con SDOM, tanto en adultos como en poblaciones

oo 27,130,149,150
pediatricas™” "

, aunque no hallaron correlacion entre el ADAMTS-13 y la
mortalidad.

Sin embargo, a pesar de estos estudios, el patron de los niveles de ADAMTS-13 en
los sindromes sépticos (sepsis, sepsis grave y shock séptico) y sus diferencias con otras

causas de SRIS de origen no infeccioso en pacientes criticos no ha sido todavia

evaluado.
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Articulo 1

Mononuclear cells adhesion dysfunction in patients with severe sepsis or septic shock
due to community acquired pneumonia
“Alteracion en la adhesion de células mononucleares en pacientes con sepsis grave

o shock séptico secundario a neumonia adquirida en la comunidad”

Aibar J, Castro P, Perelld R, Fernandez S, Herndndez C, Rinaudo M, Butjosa M,
Sacanella E, Nicolas JM.

Submitted in: J Crit Care

HIPOTESIS

La expresion y funcion de las moléculas de adhesion leucocitarias y endoteliales y
sus niveles séricos estdn alteradas en pacientes con sepsis grave o shock séptico
secundario a neumonia adquirida en la comunidad, y se asocian con la gravedad y el

pronostico.

OBJETIVOS

Evaluar la expresion y funcion de las moléculas de adhesion en células
mononucleares de sangre periférica y los niveles séricos de moléculas solubles de
adhesion endotelial en pacientes con sepsis grave o shock séptico secundario a
neumonia adquirida en la comunidad, y determinar su asociacion con la gravedad y el

pronostico de la enfermedad.
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Articulo 2

Genotypes Coding for Low Serum Levels of Mannose-Binding Lectin Are
Underrepresented among Individuals Suffering from Noninfectious Systemic
Inflammatory Response Syndrome

“Los genotipos que codifican niveles séricos bajos de Lectina fijadora de Manosa
(MBL) estan infrarrepresentados en pacientes con Sindrome de Respuesta

Inflamatoria Sistémica no Infecciosa”

Smithson A, Perelld R, Aibar J, Espinosa G, Tassies D, Freire C, Castro P, Suarez B,

Lozano F, Nicolas JM. Clin Vaccine Immunol 2010; 17(3):447-53

HIPOTESIS
Los polimorfismos genéticos en el gen de la MBL2 y de la MASP2 influyen en la
presentacion de Sindrome de Respuesta Inflamatoria Sistémica, la evolucion de sepsis a

sepsis grave / shock séptico y el pronostico de pacientes criticamente enfermos.

OBJETIVOS
Evaluar las implicaciones de los polimorfismos de la MBL2 y de la MASP2 en
paciente criticos con Sindrome de Respuesta Inflamatoria Sistémica de origen

infeccioso o no y su relacion con la gravedad y el prondstico de la enfermedad.
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Articulo 3

Pattern of soluble CD5 and CD6 lymphocyte receptors in critically ill patients with
Septic Syndromes
“Patron de las formas solubles de los receptores linfocitarios CDS y CD6 en

pacientes criticos con sindromes sépticos.”

Aibar J, Martinez-Florensa M, Castro P, Carrasco E, Escoda-Ferran C, Fernandez S,
Butjosa M, Hernandez C, Rinaudo M, Lozano F, Nicolas JM. J Crit Care 2015; 30:914-

19

HIPOTESIS
Los niveles de las formas solubles de CD5 y CD6 se alteran en los diferentes
sindromes sépticos y se asocian con el desarrollo de fracaso multiorganico y el

pronostico de estos pacientes.

OBJETIVOS
Evaluar los niveles de CD5 y CD6 solubles en pacientes criticos con sindromes
sépticos o con sindrome de respuesta inflamatoria sistémica no infeccioso y su relacion

con la gravedad de la enfermedad y la mortalidad.
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Articulo 4

ADAMTS-13 in critically ill patients with Septic Syndromes and Noninfectious
Systemic Inflammatory Response Syndrome
“ADAMTS-13 en pacientes criticos con Sindromes sépticos y Sindrome de

Respuesta Inflamatoria Sistémica de origen no Infeccioso.”

Aibar J, Castro P, Espinosa G, Fernandez S, Hernandez C, Rinaudo M, Butjosa M,

Tassies D, Reverter JC, Nicolas JM. Shock 2015; 43(6): 556-62

HIPOTESIS
Los niveles de ADAMTS-13 se alteran en los diferentes sindromes sépticos y se

asocian con el desarrollo de fracaso multiorganico y el prondstico de estos pacientes.

OBJETIVOS
Evaluar los niveles de ADAMTS-13 en pacientes criticos con SRIS de origen
infeccioso o no infeccioso y determinar su asociacion con la gravedad y el prondstico de

la enfermedad.
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Los estudios que integran esta Tesis Doctoral se han publicado en revistas

cientificas revisadas por pares, como se detalla a continuacion:
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Submitted in: J Crit Care
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Suarez B, Lozano F, Nicolas JM. Genotypes Coding for Low Serum Levels of
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Fernandez S, Butjosa M, Herndndez C, Rinaudo M, Lozano F, Nicolds JM. Pattern of
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MONONUCLEAR CELLS ADHESION DYSFUNCTION IN PATIENTS WITH
SEVERE SEPSIS OR SEPTIC SHOCK DUE TO COMMUNITY ACQUIRED
PNEUMONIA

Jesus Aibarl, Pedro Castrol, Rafael Perell()z, Sara Fernéndezl, Cristina
Hernéndezl, Mariano Rinaudol, Montserrat Butjosal, Emilio Sacanella3, Josep
Maria Nicolas'.

Medical Intensive Care Unit', Emergency Department °, Internal Medicine Department °,
Hospital Clinic, IDIBAPS — University of Barcelona, Spain.

ABSTRACT- Purpose: Community-acquired pneumonia (CAP) is a prevalent cause of sepsis. Although
adhesion function of mononuclear cells has been associated with severity and mortality in sepsis, there is
no data in septic syndromes specifically secondary to CAP. The aim of this study was to assess
mononuclear cells adhesion in patients with severe sepsis or septic shock secondary to CAP. Methods:
The study population consisted of 36 patients consecutively admitted to the medical ICU presenting CAP
with severe sepsis or septic shock at admission or within the first 48 hours. Serum levels of soluble
endothelial adhesion molecules (sP-selectin, sE-selectin, sSVCAM-1 and sICAM-1) and expression and
function of adhesion molecules in peripheral blood mononuclear cells (VLA-4, LFA-1, Mac-1 and Sialyl
Lewis X). Results: Septic patients showed increased levels of TNF-a, IL-6, sVCAM-1, SICAM-1 and sE-
Selectin and decreased levels of sP-Selectin, and patients with septic shock had higher levels of sVCAM-
1 and sSICAM-1. Expression of Sialyl Lewis X was higher in septic patients and in those with septic shock
compared with severe sepsis. Septic patients also presented a decreased expression of LFA-1 and
CD14/MCP-1, and septic shock patients had decreased expression of VLA-4, as well as decreased
cellular adhesion in the monocyte/lymphocyte endothelium assay. Compared with survivors, non-
survivors had lower expression of LFA-1 and VLA-4, and had lower levels of sE-selectin. Conclusions:
Expression and function of adhesion molecules is altered in patients with sepsis secondary to CAP,
especially in those with septic shock. This dysfunction seems to be associated with their prognosis.

KEYWORDS- Community-acquired pneumonia; sepsis; severe sepsis; septic shock; Systemic
Inflammatory Response Syndrome; Soluble endothelial adhesion molecules; Mononuclear cells adhesion.

INTRODUCTION

Community-acquired pneumonia (CAP) is a
prevalent and increasing cause of intensive
care unit (ICU) admission with a high overall
mortality (1). Nearly 48% of CAP patients can
develop severe sepsis and nearly 4.5% septic
shock during their hospitalization (2).

There is evidence that the endothelium plays a
central pathogenic role in sepsis (3-5).
Activation of endothelial cells after exposure
to lipopolysaccharide (LPS), cytokines,
growth factors, or chemokines results in
increased rolling, strong adherence and
transmigration of leukocytes into underlying
tissue. All of these functions and therefore
adhesion molecules are cornerstone the
immune-
infectious

development of an appropriate
inflammatory response against

agents and in the pathogenesis of acute and
chronic systemic inflammatory diseases as
sepsis and multiorgan failure (6,7) . Adhesion
molecules are present on circulating
mononuclear cells and the endothelium. Three
families of adhesion molecules are especially
relevant in the leukocyte-endothelium

interaction (8,9): selectins, integrins and
immunoglobulin  superfamily = molecules.
Among selectins, P-selectin is mainly

involved in early leukocyte recruitment during
the inflammatory response, whereas E-
selectin facilitates rolling of leukocytes along
the endothelial layer as a prelude to leukocyte
adhesion (10). Selectin ligands such as Sialyl
Lewis X are expressed on most leukocytes
and can interact with selectins under
inflammatory situations (11). Integrins are



responsible for adhesion of leukocytes to
endothelial cells. VLA-4 (very late antigen-4)
is an integrin expressed on eosinophils,
lymphocytes and monocytes that binds the
endothelial vascular cells adhesion molecule-1
(VCAM-1) and is important for the
accumulation of these cell types at sites of
infection  (12).  Lymphocyte  function
associated antigen (LFA)-1, Mac-1 and gp
150/95 are other integrins responsible of
leukocyte adhesion and transmigration
through endothelial cells (13). Regarding
immunoglobulin superfamily molecules, they
include VCAM-1 and intracellular adhesion
molecule-1 (ICAM-1), which are molecules
expressed on endothelial cells that interact
with integrins on leukocytes and are involved
in firm adhesion and transmigration (14).
Finally, the recruitment of leukocytes is
governed by cell-specific chemoattractants,
called chemokines (15). The monocyte
chemoattractant protein-1 (MCP-1) is a
chemokine that

regulates the migration and infiltration of
monocytes, memory T lymphocytes, and
natural killer (NK) cells, and seems to
influence T-cell immunity (16).

The expression of adhesion molecules has
been associated with sepsis severity, organ
dysfunction and mortality in sepsis (4,5,9,17-
25), but there is scarce data in the medical
literature in patients with septic syndromes
secondary to a specific cause of the sepsis as
CAP. Moreover, adhesion function of
mononuclear cells in these patients has not
been assessed.

The aim of this study is to determinate the
adhesion function of mononuclear cells in
patients with severe sepsis or septic shock
secondary to CAP admitted to ICU. We
assessed expression and function of adhesion
molecules (VLA-4, LFA-1, Mac-1 and Sialyl
Lewis X) in peripheral blood mononuclear
cells, and serum levels of soluble endothelial
adhesion molecules (sP-selectin, sE-selectin,
sVCAM-1 and sICAM-1), and evaluated their
association with outcomes in these patients.

MATERIALS AND METHODS

Patients

All patients consecutively admitted during a 1 year
period to the medical ICU of the Hospital Clinic of
Barcelona diagnosed with CAP and that met the
criteria for severe sepsis or septic shock were
included. Patients with human immunodeficiency
virus infection, hematologic malignancy, brain
death diagnosis and those who presented an
irreversible short term fatal disease or in whom
futile care was decided were excluded. The
patients were followed until hospital discharge.
Patients included in the study were compared with
36 healthy controls.

Epidemiological data, severity indexes scores
including APACHE 1II (Acute Physiology And
Chronic Health Evaluation), SAPS II (Simplified
Acute Physiologic) and SOFA (Sequential-Organ
Failure Assessment) were calculated at ICU
admission, and thereafter on a daily basis.
Multiorgan failure was considered in case of acute
progressive dysfunction of two or more organ
systems, with a minimum failure score of 3 points
for each organ. Severe sepsis and septic shock
were defined according to
SCCM/ESICM/ACCP/ATS/SIS
conference (26). CAP was defined according to the
criteria of the IDSA (27).

Informed consent was obtained from the patients
or their relatives within 24 hours after admission
and none refused to participate. Blood samples and
the information used in the study were coded and
patient confidentiality was preserved. The protocol
was approved by the Institutional Review Board of
the Hospital.

Collection of venous blood samples was performed
during the first 48 h of admission and between the
4th-8th day.

consensus

Soluble endothelial adhesion molecules
Serum and EDTA-plasma samples were stored at -
80°C for analysis of inflammatory and cell
adhesion molecules at the end of the study.
Analyses determined by subject in the frozen
samples of whole serum or plasma as appropriate
were interleukin (IL)-6, sSICAM-1, sVCAM-1, sE-
selectin, and sP-selectin. They were performed by
standard commercial enzyme-linked
immunoabsorbent assay (Bender MedSystems,
Vienna, Austria) and in duplicate.



Peripheral Blood Mononuclear Cells
(PBMC) immunophenotyping

PBMC were obtained from whole blood by the
Ficoll-Hypaque (Pharmacia, Uppsala, Sweden)
method (28). To measure PBMC expression of cell
adhesion molecules (CAMs), a double direct
immunofluorescence test was performed with
commercial fluorochrome-conjugated monoclonal
antibodies. Data analyses were performed with a
FACScan Clinical Cytometer (Becton Dickinson,
San Jose, CA) with the use of CELLQUEST
software (version 7.5.3; Becton Dickinson, Aoust,
Belgium). The following CAMs were measured:
VLA-4 (anti-CD49d; (Clone 44H6; Cytogmos,
Barcelona, Spain)), LFA-1 (anti-CD11a; (Clone
R7.1; Bender MedSystems)), aMB2 (Mac-1) (anti-
CDl11b; (Clone LM2/1; Bender MedSystems)),
and Sialyl Lewis X (anti-CD15s; (Clone CSLEx1;
BD Biosciences, San Jose, CA)).

We also measured the expression of monocyte
chemoattractant protein (MCP)-1 (Pharmingen,
San Diego, CA,) and CD40 on the cell surface.
Monocytes and T lymphocytes were identified
with the wuse of anti-CDI4 and anti-CD2
monoclonal antibodies (Caltag Laboratories,
Burlingame, CA), respectively.

Monocyte/Lymphocyte-endothelium adhesion

assay

After obtaining a suspension of PBMC, we
collected the PBMC by using sterile glass pipettes
without disturbing the other cell bands. Later, we
added 20 pL of magnetic bead labeled-antiCD14"
antibody to the tube containing the PBMC fraction
for positive selection of monocytes. We incubated
each cell suspension for 15 min at 4 °C. Each cell
suspension and pellet was washed with 1 ml
RPMI-BSA media as before and resuspended each
pellet in 500 ul RPMI-BSA. The labeled cells were
separated in the magnetic field of the magnetic
activated cell sorting (MACS) separator, measured
by a commercially available method (MACS,
Miltenyi Biotec Inc, Auburn CA, USA) to obtain
the isolation of an enriched monocyte population
(>95% CDI14+ cells, as assessed by flow
cytometry). After isolation of the monocytes, the
cell pellet was resuspended in 80 ul RPMI-BSA.
Later, we added 20 ul of CD61" and CD235a"
antibodies (for negative selection of lymphocytes)
and incubate cell suspension for 15 min at 4 °C.
Finally, we repeated the MACS separation as

before and collected the flow containing the
enriched lymphocyte population.

Cell viability was determined by the Trypan blue
dye exclusion test (Sigma-Aldrich, Irvine, CA).
The endothelial cell line used was Ea.hy926,
which is a fusion product between the human
umbilical vein endothelial cell line and the
epithelial cell line A549, and was processed as
previously reported (28). Endothelial Ea.hy926
cell monolayers were grown to confluence in 96-
culture plates (Nunc, Roskilde,
Denmark). The endothelium adhesion assay was
performed under nonstimulated and stimulated
conditions [with human recombinant
necrosis factor-a (TNF-a) 10ng/mL or with
lipopolysaccharide (LPS) 0.1 pg/ul]. We added
1.5 x 10° human monocytes or lymphocytes/well
(30 min at 37 °C) to allow the adhesion. After that,
nonadherent cells were removed by aspiration, and
the wells were washed. Adherent cells were fixed
and stained with 0.2% crystal violet in 20%
methanol in phosphate-buffered saline for 20 min
and were washed repeatedly with distilled water.
After solubilization with 1% sodium dodecyl
sulfate, adhesion was measured in units of
absorbance with a spectrophotometer at a
wavelength of 600 nm (Multiskan RC
ThermoLabsystems, Helsinki, Finland). The
adhesion assay, for each subject and condition,
was performed in quadruplicate.

well tissue

tumor

Statistical analysis

Descriptive statistics with means and SD were
used for the baseline characteristics of the patients.
Values with a skewed distribution were trasformed
to their In for analyses. Within-and between-group
differences are expressed as means and 95%
Confidence Interval (CI). All statistical tests were
2-tailed, and the significance level was 0.05.
Analyses were performed using SPSS version 20.0
(SPSS Inc, Chicago, IL).

RESULTS

Baseline patient characteristics and

white cell count

During the study period 36 patients
were included, 20 patients with severe sepsis
and 16 with septic shock. All the subjects
were of Caucasian descent, living in or around
Barcelona (Catalonia, Spain). Their main



Tabla 1 Epidemiological and clinical data of the patients in the study

- Healthy Controls | Severe sepsis | Septic shock
ICU admission (n= 36;7 (n = 20) P (nl; 16)
Age (years) 63+ 15 61+ 15 64+ 16
Sex (n, men/women) 23/13 12/8 10/6
Onset of symptoms to ICU entry (days) NA 34+34 48+3.2
APACHE 1I score NA 16.7+6.5 189+6.1
SAPS-II score NA 40.2+12.8 443 +£12.0
SOFA score NA 9.1+£3.6 10.5+2.9
Prior antibiotics (n, %) NA 3(15) 3 (18)
Prior corticosteroids (n, %) NA 3 (15) 2(12)
Chronic respiratory disease (n, %) NA 3 (15) 3 (18)
Invasive mechanical ventilation, n (%) NA 15 (75) 14 (87)
Length of ICU stay (days) NA 123+12.7 11.5+104
A SOFA score NA 1.1£19 1.6+23
ICU mortality, n (%) NA 0(0) 6(337)*

Quantiative data is expressed as mean =+ standard deviation. APACHE-II (Acute Physiology And Chronic Health
Evaluation), SAPS-II (Simplified Acute Physiologic) score, SOFA (Sequential-Organ Failure Assessment). A : Delta
(Delta SOFA Calculation: Maximum score minus score at admission). NA: not applicable.* P = 0.004 compared to

severe sepsis.

epidemiological and clinical data are shown in
Table 1. When compared, there were no
significant differences regarding age, sex,
APACHE-II score, SOFA score and SAPS-II
score among patients with severe sepsis and
septic shock. However ICU mortality was higher
among septic shock patients (6 patients (37%)
vs. 0 patients in the severe sepsis group).
Patients with severe sepsis and septic shock
presented increased neutrophil and monocyte
(CD14" cells) cell count (proportion among
PBMC) compared to healthy controls (p <0.05)
and decreased total lymphocytes, T lymphocytes
(CD4" and CD8") and B lymphocytes (CD19")
cell count (Table 2).

Soluble endothelial adhesion molecules
and cytokines

Septic patients showed increased levels of TNF-
o, IL-6, sVCAM-1, sICAM-1 and sE-Selectin
and lower levels of sP-Selectin compared with
healthy controls (Figure 1).

When we compared severe sepsis and septic
shock patients, patients with septic shock had

higher levels of VCAM-1 and ICAM-1 (Figure
1).

Adhesion molecules expression in PBMC
Table 2 shows adhesion molecules expression in
PBMC at ICU admission. Patients with severe
sepsis or septic shock presented an increased
expression of Sialyl Lewis X and a decreased
expression of LFA-1 both in lymphocytes and in
monocytes compared to healthy controls
(p<0.05). Moreover, MCP-1
monocytes was also lower in septic patients than
in healthy controls (p<0.05).

When comparing patients with severe sepsis or
septic shock (Table 2) we observed that patients
with septic shock had lower T cell count (CD4"
and CDS8") compared to patients with severe
sepsis (p <0.05), without differences among B

expression in

lymphocyte and monocyte counts. Regarding the
expression of adhesion molecules, septic shock
patients showed increased expression of Sialyl



Figure 1. Soluble endothelial adhesion molecules (1A) and cytokines (1B) in patients with community acquired
pneumonia and severe sepsis / septic shock (and controls)
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VCAM-1: Soluble vascular cell adhesion molecule-1, ICAM-1: Soluble intercellular adhesion molecule-1, TNF: Tumor
necrosis factor, IL: Interleukin. All values are mean =+ standard deviation (SD). * P < 0.05 compared to left-side column

(two-tailed unpaired Student's ¢ test)

Lewis X and lower expression of VLA-4 in
monocytes compared to patients with severe
sepsis.

Adhesion function of mononuclear cells

At ICU cellular adhesion of
monocytes and lymphocytes in patients with
septic shock was significantly lower than in

admission,

patients with severe sepsis and healthy controls.
After stimulation with TNF-a and LPS, cellular
adhesion increased more in patients with septic
shock than in those with severe sepsis and
healthy controls (p <0.05), although their
absolute values did not reach those of the other
groups. Figure 2 summarizes our findings on
cellular adhesion.

Association of adhesion molecules levels
and their evolution with prognosis

Lastly, we analyzed the association between
adhesion molecules and prognosis among those
patients with septic shock. Patients who died in
the ICU (n = 6) showed lower levels of CD8" T
cells, monocytes, and a reduced expression in
lymphocytes of LFA-1 (CD2'/LFA-1) and in
monocytes of VLA-4 (CD4'/VLA-4) at
admission, as well as a further decrease
afterwards compared with survivors (p <0.05)
(Table 3). Finally, patients who died in the ICU
had lower levels of sE-Selectin at admission
(Table 3).

Figure 2 Adhesion function in monocytes (2A) and
lymphocytes (2B) of patients with CAP and severe
sepsis or septic shock at ICU admission (and

controls)
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All values are mean fluorescence intensity + standard
deviation. FI: Fluorescence intensity, * P < 0.05 compared
to controls and severe sepsis (two-tailed unpaired Student's
t test), + P < 0.05 compared with the percentage of
increase in adhesion of monocyte (2A) or lymphocyte (2B)
with controls and severe sepsis (two-tailed unpaired
Student's 7 test).



Table 2. Adhesion molecules expression in peripheral blood mononuclear cells at ICU admission in patients with communit
or septic shock (and controls)

Controls (n = 36) Patients (n = 36) Severe sepsis (n = 20)
% of cells MFI % of cells MFI % of cells MFI
CD3 71+7 269 + 65 38 £ 18 * 144 £ 70 * 39+£19 148 £ 45
CD2 80+4 431 + 111 33424 * 270 + 108 * 41 +23 266 + 96
CD2/LFA-1 99 + 1 139 +£25 99 £25 86+25* 99 + 24 82 £ 38
CD2/Mac-1 69 + 18 24+4 71+ 19 28 £18 70 £ 16 34 £33
CD2/VLA-4 75+£18 28+5 83 +21 33 +21 82+19 46 £ 45
CD2/Syalil-Lewis 242 16 £4 6+5# 34+ 11# 18+6 29+£15
CD2/CD4 44+ 6 95 +£42 19+16* 60 £33 * 25+13 66 £ 34
CD2/CD8 315 135+ 59 11£8* 60 +37 * 15+£9 67 +39
CD19 13+£4 47 £25 4+5% 2617 * 4+6 34 +£31
CD14 10£5 549 £ 139 44 +£26 # 440 + 241 * 42 £ 31 418 + 247
CD14/LFA-1 95+5 132+ 17 99 £ 28 61 £30* 99 £29 63 £20
CD14/Mac-1 97+3 56+12 84 +£28 51+£23 87 £ 30 46 £ 15
CD14/VLA-4 70 +£22 38+ 6 69 £19 33+£15 66 £ 16 37+17
CD14/MCP-1 177 154 + 84 5+2% 111 +76* 5+ 2% 106 + 104
CD14/Syalil-Lewis 52422 65+27 90 + 20# 188+ 170 # 99 £ 15 118+ 74

All values are mean + SD. MFI: fluorescence intensity. CD2 and CD3 correspond to T lymphocytes. CD19 indicates B lymphocytes. CD14 id
function-associated antigen 1; VLA-4: Very late activation antigen 4; MCP-1: Monocyte chemoattractant protein. * P < 0.05 decrease comparec
controls (two-tailed unpaired Student's 7 test). ** P < 0.05 compared to severe sepsis.



Table 3. Levels and evolution of adhesion molecules (soluble and in peripheral blood mononuclear cells) of patients with co

shock according to their survival

Non-survivors (n = 6)

Survivors (n = 10)

ICU entry +4-8 days® ICU entry + 4-§
CD3* 105 £56 64+12 * 130 £40 # 159
CD2/LFA-1* 79+9 57+32* 90 + 12 # 123
CD2/CD4* 59 +18 33+6* 62 +34 77 4
CD2/CD8* 48+9 25+7 % 67 +40# 78 -
CD14* 202 £129 185+122 445 +234 # 520 -
CD14/VLA-4" 21+4 23+1 26+4# 43 -
CD14/Sialyl-Lewis * 283 + 188 143 £31 * 147 + 150 93 4
sE-Selectin (ng/mL) 30+4 33+10 108 £ 75 # 43 4
sVCAM-1 (ng/mL) 1617 + 1241 1627 =709 1769 + 882 1560
SICAM-1 (ng/mL) 519 +£415 309 +260 644 + 385 344 -

* All values are mean fluorescence intensity + standard deviation. ° Last value before death or ICU discharge. CD2 and CD3 correspond to
associated antigen 1; CD4 identifies Helper T lymphocytes. CD14 identifies monocyte cells. VCAM-1: Soluble vascular cell adhesion mole
molecule-1. # P <0.05 compared to ICU entry of death patients. * P <0.05 compared to admission for each group (two-tailed paired Student's ¢ t



DISCUSSION

In this study we have analyzed the expression
and function of adhesion molecules in PBMC
(VLA-4, LFA-1, Mac-1 and Sialyl Lewis X in
lymphocytes and monocytes, and MCP-1 in
monocytes) and the serum levels of soluble
endothelial adhesion molecules (sP-selectin, sE-
selectin, sVCAM-1 and sICAM-1) in a
population of critically ill patients with severe
sepsis and septic shock secondary to CAP. And
we have found that there are changes in these
patients that seem to be associated with their
outcome.

We have shown, accordingly to previous reports
that patients with severe sepsis and septic shock,
in our study secondary to CAP, present an
increase in neutrophils and monocytes and a
decrease of total lymphocytes, T lymphocytes
(CD4" and CD8") and B lymphocytes (CD19")
compared to healthy controls.

When we analyzed the expression of
adhesion molecules in PBMC, we found that the
expression of Sialyl Lewis X was higher in
septic patients than controls and in those with
septic shock than those with severe sepsis.
Furthermore, among patients with septic shock
who died during ICU admission there was a
non-significant trend to have higher levels than
in those who survived. Previous data in the
literature support these findings (29). Brinkman-
van der Linden et al (29) showed that patients
with septic shock (of any origin) who died had
higher levels of Sialyl Lewis X than patients
who survived. These data suggest that Sialyl
Lewis X could play a key role in the
inflammatory response increasing the leukocyte
response to infections. Ridings et al (30) showed
in a porcine model of sepsis that treatment with
a synthetic Sialyl Lewis X analog (CY-1503)
decreased induced lung injury and neutrophil
influx to the lungs, but did not prevent the
development of pulmonary hypertension,
systemic hypotension, decline in cardiac output,
Oor severe neutropenia.

We have also found that the expression of MCP-
1 in monocytes was lower in septic patients than
in healthy controls. The main function of MCP-1
is to direct monocytes to the inflammatory focus

, being of major importance in inflammatory
monocyte recruitment to the Iungs in response to
bacterial infection. In murine models of sepsis,
endogenous MCP-1 has been shown to possess a
beneficial effect by eliciting various leukocyte
subpopulations needed to locally contain the
initial insult and eliminate microbes (31). Then,
presenting reduced levels, as we have found,
could be harmful for controlling the infection.
However, we cannot know if these reduced
levels are consequence or cause of a worse
septic process.

We have also demonstrated interesting
changes in cellular integrins. We have found a
lower expression of LFA-1 in PBMC of septic
patients compared to healthy controls, as well as
in septic shock non-survivors compared with
survivors. Previous results are consistent with
our data. Prince et al (32) described that mice
deficient in LFA-1 that were challenged with i.p.
Streptococcus had increased
bacterial colony counts in spleen and liver and
increased mortality compared with wild type
mice. LFA-1 is essential for most adhesion-
dependent lymphocyte functions and adhesion of
lymphocytes to vascular endothelium (33), and

pneumoniae

lower levels would impair an optimal response.
However, the role of this integrin in sepsis is not
well defined.

Similarly, patients with septic shock and among
them, those who did not survived, presented
lower expression of VLA-4 in PBMC compared
with septic patients and survivors,
respectively. These data also support previous
experimental findings in animal (mice) models,
where Kadioglu et al (34) had shown a pivotal
role of VLA-4 in Streptococcus pneumoniae
infection by regulating neutrophil and T cell
recruitment into infected lungs and by
influencing their behavior within the lung tissue
itself. However no other human studies to date

SEevere

have studied these associations.

Regarding soluble endothelial adhesion
molecules and cytokines, we have shown, as
other previous studies in septic shock (4,5,9,17-
25), that septic patients present increased levels
at admission of TNF-a, IL-6, sVCAM-1,
sICAM-1 and sE-Selectin and decreased levels



of sP-Selectine compared with healthy controls.
However, previous studies included patients
with sepsis from any source, with less than 30
cases of CAP when specified. Moreover,
patients with septic shock had higher levels of
sVCAM-1 and sICAM-1 compared with patients
with severe sepsis. When it comes to prognosis,
we found that patients with CAP and septic
shock who died in the ICU presented lower
levels of sE-Selectine than those who survive.
sE-Selectin, sSVCAM-1 and sICAM-1 have all
been studied in relation to disease severity and
outcome, with results that have been inconsistent
and occasionally contradictory, probably due to
differences in the studied population and the
precise point in illness timeline the molecule is
measured (10). In particular, sE-selectin is not
an exception, with studies showing contradictory
results (4,6,9,17-19,23).

Finally, we have assessed ex vivo the
adhesion  function of monocytes and
lymphocytes in these patients before and after
stimulation with TNF-o and LPS (7,35). It has
been demonstrated in previous works that under
normal physiological blood flow monocyte and
lymphocyte adhesion appeared to be unaffected
by LPS septic  shock,
reduction a result of

treatment. During
in blood flow as
vasodilation and vascular permeability leads to
adhesion and accumulation of LPS-stimulated
circulating monocytes onto the blood vessel
walls (35). Interestingly, we have found that
patients with septic shock showed
adhesion function than patients with severe
sepsis and healthy controls. These function
improved after stimulation, although without
reaching those levels that presented healthy
controls and severe sepsis patients. These data,
together with decreased levels of VLA-4, LFA-1
and sE-selectin could support the hypothesis that
our patients with septic shock who died were
those in the “hypo-inflammatory” state of sepsis,
with increased risk of nosocomial infections and

lower

other complications, compared with those with
severe sepsis and healthy controls. Adhesion
function of mononuclear cells depends, but not
exclusively, on adhesion molecules (as VLA-4

and LFA-1), which are decreased in these
patients as we have shown.

Our study has some limitations. First
and more important, we have a relatively small
sample size, which could prevent stronger
conclusions. Other limitation is the control
group. We decided to compare patients with
CAP and severe sepsis or septic shock, and
healthy voluntaries. It would have been
interesting to compare with patients with other
causes of severe sepsis / septic shock, or even
patients with CAP without severe sepsis / septic
shock.

In conclusion, our study shows that
patients with severe sepsis or septic shock
secondary to CAP had changes in the levels and
function of adhesion molecules and that these
alterations seem to be associated with their
outcome. Larger studies are required to confirm
these results.
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Gene polymorphisms, giving rise to low serum levels of mannose-binding lectin (MBL) or MBL-associated
protease 2 (MASP2), have been associated with an increased risk of infections. The objective of this study was
to assess the outcome of intensive care unit (ICU) patients with systemic inflammatory response syndrome
(SIRS) regarding the existence of functionally relevant MBL2 and MASP2 gene polymorphisms. The study
included 243 ICU patients with SIRS admitted to our hospital, as well as 104 healthy control subjects. MBL2
and MASP2 single nucleotide polymorphisms were genotyped using a sequence-based typing technique. No
differences were observed regarding the frequencies of low-MBL genotypes (O/O and XA/O) and MASP2
polymorphisms between patients with SIRS and healthy controls. Interestingly, ICU patients with a nonin-
fectious SIRS had a lower frequency for low-MBL genotypes and a higher frequency for high-MBL genotypes
(A/A and A/XA) than either ICU patients with an infectious SIRS or healthy controls. The existence of low- or /
high-MBL genotypes or a MASP2 polymorphism had no impact on the mortality rates of the included patients.
The presence of high-MBL-producing genotypes in patients with a noninfectious insult is a risk factor for SIRS

and ICU admission.

Sepsis is the main cause of death in intensive care units
(ICU), with mortality rates above 50% in patients with septic
shock (54). Increasing evidence suggests that variations in
genes encoding different components of the immune system
influence an individual’s capacity to respond adequately to
infections. Genetic polymorphisms of several molecules of the
innate immune system, such as tumor necrosis factor alpha
(TNF-a) (35), interleukin-1 receptor antagonist (IL-1RA) (2),
and more recently plasminogen activator inhibitor 1 (PAI-1)
(12), have been associated with increased mortality in patients
with severe sepsis and septic shock.

The mannose-binding lectin (MBL) is an important element
of the innate immune defense system. The MBL is a circulating
C-type plasma lectin, mainly produced by the liver, which binds
to the specific carbohydrates present on the surface of different
microorganisms (21, 38). In serum, MBL is present as oligo-
mers (mainly trimers and tetramers) bound to the MBL-asso-
ciated serine proteases (MASPs, which are also produced in
the liver), mainly MASP2. Once bound to the carbohydrate
residues, the MBL/MASP2 complex acts as an opsonin for
phagocytosis for numerous pathogens and activates comple-
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ment (21, 34, 38, 56). MBL is not only involved in complement
activation but also is a potent modulator of proinflammatory
cytokine production (27). Additionally, MBL is capable of in-
creasing the clearance of endotoxin via Kupffer cells (40) and
increasing the turnover of fibrinogen by cleavage of prothrom-
bin, generating thrombin (29).

Three missense single nucleotide polymorphisms (SNP)
have been reported within exon 1 of the MBL?2 gene, introduc-
ing amino acid replacements at codon 52 (allele D), 54 (allele
B), or 57 (allele C), which cause a reduction of the MBL levels
due to impaired assembly of MBL monomers into functional
oligomers (14). In addition to these structural variant alleles,
three SNP in the promoter region of the MBL2 gene at posi-
tions —550 (H/L), +4 (P/Q) and, particularly, —221 (Y/X),
influence the rate of transcription and are also associated with
low concentrations of serum MBL (32, 47). Genetically defined
MBL deficiency is common and appears to predispose to se-
rious infections (9), particularly during early childhood (28), in
patients undergoing chemotherapy (41) as well as in adults
with concomitant diseases (15, 16). In the ICU setting, al-
though several studies have suggested the existence of a rela-
tionship between low MBL serum levels and an increased risk
of infections, the association with death has yielded conflicting
results (17, 19, 24, 25, 50).

In addition to the MBL2 polymorphisms, an inherited defi-
ciency of MASP?2 has also been reported. This deficiency is due
to a homozygous mutation in exon 3 of the MASP2 gene,
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resulting in a change of aspartic acid to glycine at position 105
(Aspl05Gly) of the CUBI protein domain, which is an essen-
tial region for the formation of functional MBL/MASP2 com-
plexes. This mutation renders MASP2 incapable of binding to
MBL and therefore interrupts the MBL pathway of comple-
ment activation and also reduces the plasma concentration of
MASP2 (48). Patients heterozygous for the MASP2 Asp
105Gly SNP have no impairment in the lectin complement
pathway (10, 11, 51). Several additional variants have been
identified in exon 3 of the MASP2 gene that do not cause a
reduction of the levels or activity of the protein (31, 52).

The possible association between MASP2 deficiency and
susceptibility to infections remains largely unknown. Schlap-
bach et al. recently demonstrated that MASP2 deficiency in-
creases the risk of neutropenic fever in pediatric cancer pa-
tients (43). Granell et al. found an increased risk of invasive
aspergillosis following allogeneic stem cell transplantation in
adult patients heterozygous for the Aspl05Gly SNP (20). On
the other hand, three recent studies were unable to demon-
strate an increased frequency for the Asp105Gly SNP in adult
patients with community-acquired pneumonia, pneumococcal
bacteremia in HIV-infected patients, and among renal trans-
plant recipients with infectious complications (5, 10, 26).

The aim of the present study was to investigate the implica-
tions of MBL2 and MASP2 polymorphisms in the outcome of
ICU patients with systemic inflammatory response syndrome
(SIRS).

MATERIALS AND METHODS

Study population. We prospectively collected blood samples from 243 Cauca-
sian patients admitted to the medical ICU of the Hospital Clinic of Barcelona
between January 2003 and January 2004. Inclusion criteria for patients were age
of >18 with a minimum ICU stay of 24 h and meeting the criteria for SIRS (see
below). The patients were included and followed until hospital discharge. For
further comparison, 104 healthy Caucasian blood donors from the geographic
area of Barcelona were also included in the study. The present study was con-
ducted with the approval of the hospital Ethics Committee and informed consent
from the patients or their relatives within 24 h after admission.

Definitions for community- or nosocomial-acquired infection in ICU patients
were established according to the Sepsis Forum Consensus Conference and the
CDC guidelines (4, 13). The criteria for SIRS, sepsis, severe sepsis, and septic
shock were defined according to the SCCM/ESICM/ACCP/ATS/SIS consensus
conference (30). Clinical data, including demographic details and the severity
indexes (Acute Physiology and Chronic Health Evaluation II [APACHE II],
Simplified Acute Physiology Score II [SAPS II], and Sequential Organ Failure
Assessment [SOFA]) were recorded for each patient at ICU admission and
thereafter on a daily basis. Multiorgan failure was considered in cases of acute
progressive dysfunction of two or more organ systems, with a minimum failure
score of 3 points for each organ.

MBL2 and MASP2 genotyping. Genomic DNA was extracted from 1.5 ml of
EDTA-treated whole blood samples by using the QIAamp DNA blood minikit
according to the manufacturer’s instructions (Qiagen GmbH, Hilden, Germany)
and then stored at —80°C until used. Genotyping of the MBL2 and the MASP2
genes was performed by using a sequencing-based typing method according to
the published sequences (GenBank accession numbers AF360991 for the MBL2
gene and NG_007289 for the MASP2 gene). Six SNP in the MBL2 gene (—550
G/C [rs11003125], —221 C/G [rs7096206], +4 C/T [rs7095891], codon 52 CGT/
TGT [rs5030737], codon 54 GGC/GAC [rs1800450], and codon 57 GGA/GAA
[rs1800451]) within the promoter and exon 1 of the MBL2 gene were analyzed as
previously reported (31). Briefly, a 969-bp fragment encompassing from the
promoter to the end of exon 1 of the MBL2 gene was obtained by PCR ampli-
fication using the sense primer 5-GGGGAATTCCTGCCAGAAAGT-3" and
antisense primer 5'-CATATCCCCAGGCAGTTTCCTC-3' and the Expand 20
kbPLUS PCR system (Roche Diagnostics GmbH, Mannheim, Germany). Five
SNP in the MASP2 gene (ProlllLeu [rs56392418], Aspl05Gly [rs72550870],
Arg84Gin [rs61735600], Thr73Met [rs61735601], and Argl103Cys [rs id not sub-
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mitted]) within exon 3 of the MASP2 gene were analyzed as previously reported
(31). Similarly, a 354-bp fragment from exon 3 of the MASP2 gene was PCR
amplified by using the sense primer 5'-GCGAGTACGACTTCGTCAAGG-3’
and antisense primer 5'-CTCGGCTGCATAGAAGGCCTC-3' and the Expand
high-fidelity PCR system (Roche Diagnostics GmbH, Mannheim, Germany).
The cycling conditions for amplification were 94°C for 8 min, 35 cycles at 94°C for
45's, 58°C for 30 s, and 72°C for 90 s, and finally 72°C for 10 min. Five microliters
of the resulting PCR product was treated with ExoSAP-IT (USB Corporation,
Cleveland, OH) and then subjected to direct sequencing with the BigDye Ter-
minator v1.1 cycle sequencing kit (Applied Biosystems, Warrington, United
Kingdom) following the manufacturer’s instructions with the sense and antisense
gene-specific primers mentioned above.

Genetic groups. The SNP at exon 1 of the MBL2 gene are in strong linkage
disequilibrium with those at the promoter and give rise to seven common haplo-
types (HYPA, LYQA, LYPA, LXPA, LYPB, LYQC, and HYPD). The HY
haplotype induces high MBL concentrations, whereas exon 1 mutations (O
variants) and the LX haplotypes cause reduced MBL concentrations (47). There-
fore, the analysis of exon 1 and the promoter region of the MBL2 gene allowed
the categorization of individuals into three groups according to their MBL2
genotype. Group I included genotypes responsible for high MBL levels (A/A and
A/XA), group II genotypes were responsible for intermediate MBL levels (A/O
and XA/XA) and, finally, group III genotypes were responsible for low MBL
levels (O/O and XA/O), according to previously published results (32). The
MASP2 genotype was divided into wild type or mutant (Asp105Gly).

Statistical analyses. Continuous variables were compared with Student’s # test
or the Mann-Whitney U test when the distribution departed from normality and
are described as means (*standard deviations) or medians (and ranges of val-
ues), respectively. Categorical data were compared by the chi-square or the
Fisher’s exact test as appropriate. Deviations from Hardy-Weinberg expectations
were tested using the chi-square test for comparing observed and expected
values. Statistical significance was defined as a two-tailed P value of <0.05.
Statistical analysis was carried out with the program SPSS (version 15.0; SPSS,
Inc., Chicago, IL).

RESULTS

The study population consisted of 243 consecutive adult
patients (mean age, 62.8 = 15.7 years; range, 18 to 85 years;
63% men). The mean APACHE II, SAPS II, and SOFA scores
at ICU entry were 17.4 = 6.4, 37 = 11.9, and 8.7 = 3.1,
respectively. Within 24 h of ICU admission 101 patients
(41.5%) met the criteria for septic shock and 28 (11.5%) for
severe sepsis. For the remaining patients, 54 (22.2%) met the
criteria for sepsis and 60 (24.7%) for a noninfectious SIRS.
The main clinical characteristics of the patients included in the
study are shown in Table 1. Most of the patients had a medical
indication for ICU admission, mainly a community-acquired
pneumonia. In the group of septic shock patients, nosocomial
pneumonia was the focus of infection in nearly 10% of ICU
admissions. Additionally, 13% of the patients developed noso-
comial pneumonia during ICU hospitalization.

MBL?2 was genotyped in 216 patients (88.8% of the included
patients) and MASP2 in 240 patients (98.7% of the included
patients). MBL2 and MASP2 were also genotyped in the 104
healthy blood donor volunteers. Genotype frequencies found
for patients and control groups did not differ from those pre-
dicted by the Hardy-Weinberg expectations (P = 0.43 and P =
0.072 for healthy controls and ICU patients with SIRS, respec-
tively, regarding MBL2 genotypes; P = 0.88 and P = 0.66 for
healthy controls and ICU patients with SIRS, respectively,
regarding MASP2 genotypes). Table 2 shows the frequencies
for the MBL2 and MASP2 genotypes found among the ICU
patients and the healthy control group. No significant differ-
ences in the frequencies for the different MBL2 haplotypes
were found between the ICU patients with SIRS and the
healthy controls (data not shown). LYPB was the predominant
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TABLE 1. Baseline characteristics of the ICU patients included in the study

Finding for patient group®

Characteristic

Septic shock (n = 101)

Noninfectious SIRS

Severe sepsis (n = 28) Sepsis (n = 54)

(n = 60)
Age (yrs) 64.2 = 14.9 60.6 + 17.9 578 + 164 66 = 14.5
Gender (M/F) 65/36 14/14 33/21 41/19
APACHE 1I score 19.1 =58 16 £ 6.7 142 £6.5 18.1 x5.8
SAPS II score 385=*13.1 39 +123 339 x10.1 355+11
SOFA score 10.45 = 2.7 8.1x34 6.9 =27 8§28
Invasive mechanical ventilation 72 (71.3) 12 (42.8) 27 (50) 44 (73.3)
Type of admission
Acute surgery 24 (23.7) 3(10.7) 5(09.2) 14 (23.3)
Elective surgery 6(5.9) 1(3.5) 2(3.7) 10 (16.6)
Medical 71 (70.3) 24 (85.7) 47 (87) 36 (60)
Chronic disease
Chronic respiratory disease 27 (26.7) 7(25) 19 (35.1) 14 (23.3)
Heart failure NYHA IV 3(2.9) 2(7.1) 3(5.95) 8(13.3)
Chronic kidney failure 5(4.9) 1(3.5) 0 3(5)
Cirrhosis 6(5.9) 0 0 4 (6.6)
Diabetes mellitus (type 1 or 2) 24 (23.7) 3(10.7) 15 (27.7) 11 (18.3)
Active cancer 3(2.9) 1(3.5) 1(1.8) 2(3.3)
Hematological malignancy 11 (10.9) 0 3(5.5) 3(5)
AIDS 0 2(7.1) 0 0
Immunosuppressive or corticosteroid treatment 21 (20.8) 0 9 (16.6) 7 (11.6)
Focus of infection at admission
Nonpneumonic lower respiratory tract 7(6.9) 1(3.5) 14 (25.9) NA?
Community-acquired pneumonia 40 (39.6) 14 (50) 28 (51.8) NA
Hospital-acquired pneumonia 10 (9.9) 1(3.5) 2(3.7) NA
Urinary tract 10 (9.9) 5(17.8) 0 NA
Bacterial meningitis 3(2.9) 1(3.5) 2(3.7) NA
Peritonitis 18 (17.8) 2(7.1) 5(9.2) NA
Other infections 13 (12.8) 4(14.3) 3(5.95) NA

“ Data are presented as means * standard deviations (with the exception of the gender ratio data) or as the number of patients with the characteristic (with the

percentage in parentheses).
? NA, not applicable.

MBL?2 variant haplotype in both the ICU patients with SIRS
and in the healthy controls.

No overall statistically significant differences were observed
among the patients with SIRS and the healthy controls, respec-
tively, for the frequencies of the genotypes high MBL2 (48.6%
versus 54.8%; P = 0.29), intermediate MBL2 (38.4% versus
29.8%; P = 0.13), and low MBL2 (12.9% versus 15.3%; P =
0.55) (Table 2). The group of patients with an infectious SIRS,
the analysis of which always included patients with sepsis,
severe sepsis, and septic shock, had an increased frequency for
low-MBL2 genotypes (15.9%) when compared with the fre-
quency found among patients with a noninfectious SIRS
(3.8%; P = 0.025). When comparisons were established with
the healthy control group, no differences could be found
(15.9% versus 15.3%; P = 0.91). In view of the results we
decided to evaluate the frequencies for high-MBL2 genotypes
and observed a higher prevalence of these genotypes among
ICU patients with a noninfectious SIRS compared to the fre-
quencies found in ICU patients with an infectious SIRS (63.4%
versus 43.9%; P = 0.014). A higher frequency for high-MBL?2
genotypes was also found when comparisons were established
between ICU patients with a noninfectious SIRS and the
healthy control group, although these differences did not reach
statistical significance (63.4% versus 54.8%; P = (.3).

We also analyzed the severity indexes at ICU entry among

patients with a noninfectious SIRS and observed higher
APACHE II (19.7 = 5.5 versus 10 = 1.4; P = 0.02), SAPS II
(34 = 8.7 versus 32 = 8.5; P = 0.75), and SOFA scores (8.8 =
2.8 versus 5 = 0; P = 0.04) in patients with high-MBL2 geno-
types than in patients with low-MBL2 genotypes. Although
infectious SIRS patients with high-MBL2 genotypes also had
higher APACHE II (16 * 6.8 versus 16 = 7.3; P = 0.9), SAPS
II (37.7 = 12.2 versus 35.6 = 13.7; P = 0.54), and SOFA (9.1
3.4 versus 8.9 = 3.4; P = 0.84) scores than patients with
low-MBL?2 genotypes, differences were not statistically signifi-
cant.

The analysis of exon 3 of MASP2 revealed no homozygous
Aspl105Gly carriers among patients or controls. As shown in
Table 2, no significant differences were found for the frequency
of the heterozygous MASP2 Asp105Gly SNP between the ICU
patients with SIRS (5%) and the healthy controls (2.8%; P =
0.56). One ICU patient included in the sepsis group was het-
erozygous for the Prol11Leu polymorphism, while none of the
healthy controls had it. No differences were found in the fre-
quency for the MASP2 Asp105Gly SNP between the group of
ICU patients with an infection (5%) and those with a nonin-
fectious SIRS (5%).

Table 3 shows the outcomes for the patients during ICU stay
according to the existence of normal- or low-MBL2-producing
genotypes and the presence of the wild-type MASP2 or the
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TABLE 2. MBL2 and MASP2 genotype frequencies in the ICU patients with SIRS and the healthy control group

No. (%) of people in group
with genotype

Expression type P value®

No. (%) of people in group
with genotype

No. (%) of people in group
with genotype

P value®

Noninfectious  Infectious

Patients Healthy controls SIRS SIRS Septic shock ~Severe sepsis Sepsis
MBL?2 genotypes®
Group 1 (high MBL) 105 (48.6) 57 (54.8) 0.29 33 (63.4) 72 (43.9) 0.014 41 (43.6) 13 (61.9) 18 (36.7)
A/A 68 (31.5) 33 (31.8) 21 (40.4) 47 (28.7) 23 (24.4) 11 (52.4) 13 (26.5)
A/XA 37 (17.1) 24 (23) 12 (23) 25(15.2) 18 (19.2) 2(9.5) 5(10.2)
Group 2 (intermediate MBL) 83 (38.4) 31(29.8) 0.13 17 (32.7) 66 (40.2) 0.33 38 (40.4) 5(23.8) 23 (46.9)
XA/XA 10 (4.6) 3(2.8) 2(3.8) 8(4.9) 4(4.2) 1(4.8) 3(6.1)
A/O 73 (33.8) 28 (27) 15 (28.9) 58 (35.3) 34 (36.2) 4(19) 20 (40.8)
Group 3 (low MBL) 28 (12.9) 16 (15.4) 0.55 2(3.8) 26 (15.9)  0.025 15 (15.9) 3(14.2) 8(16.3)
XA/O 19 (8.8) 8(7.7) 1(1.9) 18 (11) 10 (10.6) 2(9.5) 6(12.2)
0/0 9(4.1) 8(7.7) 1(1.9) 8(4.9) 5(5.3) 1(4.7) 2(4.1)
Total 216 104 52 164 94 21 49
MASP2 genotypes
Wild type 227 (94.6) 101 (97.1) 0.41 57 (95) 170 (94.4) 1 96 (96) 28 (100) 46 (88.4)
AsplOSGlyd 12 (5) 3(2.8) 0.56 3(5) 9(5) 1 4(4) 0 5(9.6)
Prol11Leu? 1(0.4) 0 1 0 1(0.5) 1 0 0 1
Total 240 104 60 180 100 28 52

“Y and X indicate base exchanges at codon —221. A, normal structural allele; O, variant alleles (B, codon 54; C, codon 57; and D, codon 52).
® P values indicate comparisons between genotype frequencies for ICU patients and healthy controls.
¢ P values indicate comparisons between genotype frequencies for ICU patients with noninfectious SIRS and those with infectious SIRS.

4 Corresponds to the heterozygous genotype.

heterozygous Asp105Gly SNP. No differences in the length of
hospital or ICU stay were seen between the different groups.
The frequencies and the total days of invasive mechanical
ventilation or for renal replacement techniques were also sim-
ilar among the groups. Fifty-three (21.8%) patients acquired a
nosocomial infection while hospitalized in the ICU, 32 cases
(13%) of which were a pneumonia. No differences in the global
incidence of nosocomial infection or in the frequency of hos-
pital-acquired pneumonia were seen between the group of
ICU patients with low-MBL2 genotypes or with the heterozy-
gous Aspl05Gly SNP and the rest of the patients. We also
compared the clinical outcomes of ICU patients with high-
MBL?2 genotypes and those with low-MBL?2 genotypes, exclud-
ing from the analysis those with intermediate-MBL2 genotypes
with regard to the clinical variables exposed in Table 3, and we
found nonsignificant differences between them (data not
shown).

Regarding the mortality rate, 73 (30%) of the patients died
during their hospital stay, 54 (22.2%) of whom died during
their ICU stay. Multiorgan failure was the main cause of death
(68.5%), although its frequency was different among ICU pa-
tients with a noninfectious SIRS and those with an infectious
cause of SIRS (38.8% versus 76.3%; P = 0.003). Again, the
existence of low-producing MBL?2 genotypes or the heterozy-
gous MASP2 Asp105Gly SNP had no influence on the mortal-
ity rate. When mortality was analyzed with consideration taken
for the existence of high, intermediate, or low MBL2-produc-
ing genotypes, no significant differences were found (21.4%,
33.7%, and 29.5% respectively).

Microbial samples obtained at ICU entry were positive in 93
(50.8%) of the patients with an infectious SIRS. No differences
were found regarding the frequencies for Gram-positive,
Gram-negative, or fungi among patients with low-MBL2 geno-
types or heterozygous for the Aspl05Gly SNP (Table 3).

DISCUSSION

Despite the intense efforts that have been made to reduce
the mortality related to sepsis, mainly driven through the im-
plementation of the “Surviving Sepsis Campaign” guidelines
(6), mortality rates continue to be high, around 40 to 70% in
patients with septic shock (42). It has been estimated that each
year in the United States 750,000 new cases of sepsis are
diagnosed, and its frequency is rising due to an increasing aging
population, the use of invasive diagnostic procedures, and ag-
gressive therapies, together with the high prevalence of chronic
diseases (33).

Although both the innate and adaptive immune systems are
involved in the pathogenesis of sepsis, the innate immune
system plays a pivotal role. Moreover, it has been suggested
that susceptibility and response to infectious disease might be
inheritable (3, 45). Numerous studies have evaluated different
components of the innate immune system, including the MBL,
searching for SNP associated with an increased risk for devel-
oping more severe forms of sepsis, organ dysfunction, or death
in patients with sepsis (2, 17, 19, 24, 25, 35, 50).

The serum concentration and functional activity of MBL is
determined by SNP at the promoter and exon 1 of the MBL2
gene, while SNP at exon 3 of the MASP2 gene, mainly the
Aspl05Gly SNP, cause a reduction in the serum levels of
MASP?2. In the present study nonsignificant differences for the
frequencies of MBL2 haplotypes and genotypes were observed
between ICU patients with SIRS and healthy controls. The
prevalence of low-MBL2 genotypes was similar to the fre-
quency observed by Garcia-Laorden et al. in Spain (10) and
others in previous studies (17, 18). LYPB, as previously re-
ported in other Caucasian populations (1, 46), was the pre-
dominant variant type of haplotype both in the group of pa-
tients with SIRS and in the healthy blood donors. Regarding
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TABLE 3. Type of microorganism isolated and outcomes of patients according to existence of a deficient MBL2 genotype or the
heterozygous MASP2 Aspl105Gly genotype

Result for patients with®: Result for patients with”:
Organism type or clinical outcome Nondeficient MBL2 ~ Deficient MBL2 T value! Nondeficient ~ Heterozygous Aspl05Gly P value®
genotype genotype MASP2 MASP2
Organism type
Gram positive 28 (20.3) 6(23.1) 0.748 40 (23.4) 2(222) 1
Gram negative 36 (26.1) 6(23.1) 0.747 43 (25.1) 2(22.2) 1
Mixed Gram negative and Gram positive 2(1.4) 0 1 3(1.8) 0 1
Fungi 6(4.3) 2(7.7) 0.614 9(5.3) 1(11.1) 0.41
Clinical outcome
Length of ICU stay (days) 10.2 = 10.7 10.4 = 12.1 0.925 10.4 = 10.9 89 +54 0.638
Length of hospital stay (days) 232195 21.1 =159 0.618 232 *+19.1 21.0 = 13.7 0.7
Highest APACHE II score 204 €71 192 +72 0.458 20.8 = 7.0 17.7+78 0.159
Highest SAPS II score 454 = 16.6 46.0 = 16.0 0.881 453 +16.3 523174 0.168
Highest SOFA score 103 =34 10.1 = 3.9 0.794 103 =34 9.0+23 0.201
Invasive mechanical ventilation” 143 (76.1) 20 (71.4) 0.595 171 (75) 11 (91.7) 0.303
Duration of invasive mechanical 6793 6.0 x93 0.74 6.8 9.6 6.4 +5.6 0.89
ventilation (days)
Renal replacement 25(13.3) 6(21.4) 0.253 32 (14) 0 0.377
Duration of renal replacement (days) 1.1 +45 04=*13 0.47 1.0 = 4.1 0 0.413
Parenteral nutrition 38(20.2) 6(21.4) 0.882 43 (18.9) 2 (16.7) 1
Nosocomial infection® 39 (20.7) 6(21.4) 0.934 50 (21.9) 3(25) 0.73
Hospital-acquired pneumonia“ 22 (11.7) 4(14.3) 0.755 30 (13.1) 2 (16.7) 0.665
Overall mortality while in hospital 59 (31.4) 6(21.4) 0.284 70 (30.7) 3(25) 0.676
Mortality while in ICU 43 (22.9) 5(17.9) 0.464 53(23.2) 1(8.3) 0.457
Multiorgan failure 39 (20.7) 5(17.9) 0.714 48 (21.1) 1(9.1) 0.469

“ Data are presented as means * standard deviations or the number (and percentage) of patients with the indicated characteristic.

® Includes patients with mechanical ventilation on admission to ICU and those requiring mechanical ventilation later during ICU stay.

< Excludes patients for whom the indication for ICU admission was a nosocomial infection.

4 P values indicate comparisons between the type of microorganism isolated and the clinical outcome for patients with a nondeficient MBL2 genotype and those with

a deficient MBL2 genotype.

¢ P values indicate comparisons between the type of microorganism isolated and the clinical outcome for patients with a nondeficient MASP2 genotype and those

heterozygous for the Asp105Gly MASP2 polymorphism.

the MASP2 gene SNP, neither patients nor healthy controls
were homozygous for the Aspl105Gly SNP. No significant dif-
ferences in the frequency for the heterozygous MASP2
Aspl05Gly were seen between ICU patients with SIRS and the
healthy controls, the prevalence of which was in turn similar to
that found in previous studies (10, 48). One Caucasian patient
carried the MASP2 Prol11Leu SNP, as primarily described by
Lozano et al. in North African individuals, which is not capable
of causing reductions in the serum levels or activity of the
MASP-2 (31, 52).

Previous studies have demonstrated a high prevalence of
MBL 2-deficient genotypes among patients with sepsis admit-
ted to ICU (17, 19, 50). Accordingly, our data showed that
patients with an infectious SIRS had a higher frequency for
low-MBL?2 genotypes than patients with a noninfectious SIRS.
This was due to the higher prevalence of high-MBL?2 genotypes
observed in ICU patients with a noninfectious SIRS. The ob-
servation of a higher frequency for high-MBL2 genotypes
among ICU patients with a noninfectious SIRS is coincidental
with that previously reported by Garred et al. (17).

SIRS describes physiological and laboratory abnormalities
that accompany inflammation independently from the original
cause (30). In a recent study, Dulhunty et al. demonstrated that
patients with a noninfectious SIRS present clinical differences
from patients with sepsis (7). According to this study patients
with sepsis died more frequently from multiorgan failure than
patients with nonseptic SIRS, which was also observed in our

study. We hypothesize that some of the clinical differences
observed between noninfectious and infectious SIRS patients
might reflect, at least in part, the existence of different sub-
jacent physiological mechanisms.

The results of our study suggest that patients with a nonin-
fectious insult and high-MBL2 genotype are at risk of devel-
oping SIRS and require ICU admission without having signif-
icant infectious complications. High levels of functional MBL
could directly be associated with the proinflammatory adverse
effects following uncontrolled complement activation, which has
been previously demonstrated in ischemic-reperfusion experi-
mental mice models (22, 36, 55). According to these models,
excess production of MBL or the administration of exogenous
MBL following induced ischemia causes organ (myocardial, kid-
ney, intestine) reperfusion injury due to complement activation,
while low MBL levels are protective. One of the hallmarks of
reperfusion to ischemic tissues is the severe oxidative stress that
occurs at the level of the endothelium, which causes vascular
injury. It has been suggested that the lectin pathway initiates
complement activation following oxidative stress, particularly af-
ter myocardial, intestinal, and skeletal muscle ischemic-reper-
fusion-induced injury, at least in experimental models (23).
Additionally, MBL has been reported to recognize apoptotic
and necrotic cells (37, 39), which could also trigger activation
of complement through the lectin pathway in patients with
high-MBL?2 genotypes and a noninfectious SIRS. In fact a
defective apoptotic clearance has been found in MBL-defec-
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tive mice (49). Unfortunately we did not measure the level of
inflammation or complement activation in our patients, and
therefore we could not demonstrate a higher degree of activa-
tion, as we would have expected from our results, in patients
with a noninfectious SIRS and high-MBL2 genotypes. How-
ever, this group of patients had higher severity index scores,
particularly a higher SOFA score, which measures organ fail-
ure due to endothelium injury.

The analysis of the outcomes of the ICU patients with SIRS,
particularly for mortality, revealed no differences regarding the
existence of low-MBL2 genotypes. Also, no differences were
seen between low- and high-MBL2 genotypes (data not
shown). The relationship between mortality and the presence
of low-MBL?2 genotype continues to be a controversial issue,
with studies supporting this association (17, 19, 24) and others
like the present one finding no relationship (25, 50). In a recent
meta-analysis by Eisen et al. (8), only a trend toward an in-
creased mortality among patients with low-MBL2 genotypes
and bacterial infections was found. We could not observe a
better outcome in patients with intermediate-MBL2 genotypes,
as demonstrated by Helleman et al. (24). It should be noted
that one of the limitations of our study is the short follow-up
period of the patients. Nowadays, with the application of in-
creasingly effective organ support treatments, withdrawal of
life support therapy is the most common terminal event in ICU
patients, and thus longer-term mortality analyses are recom-
mended (53).

Regarding the genotyping of exon 3 of MASP2, no signifi-
cant differences were found in the frequency of the heterozy-
gous MASP2 Asp105Gly SNP between patients with an infec-
tious versus a noninfectious SIRS. The MASP2 Aspl05Gly
SNP was not associated with any of the clinical variables asso-
ciated with an increased severity of disease at ICU admission,
including mortality. Our results were similar to those reported
by Garcia-Laorden et al. in patients with community-acquired
pneumonia (10), but not to the ones from the study of Henc-
kaets et al., who observed an association between the existence
of the heterozygous MASP2 Asp105Gly SNP and higher mor-
tality rates in ICU patients (25).

Our study was not capable of finding an increased preva-
lence of any microorganism or between Gram-positive and
-negative bacteria among patients with low-MBL2 genotypes.
While some of the published studies have found an association
between Gram-positive infections and MBL deficiency (8, 24),
others have observed a link between Gram-negative infections
and MBL deficiency (44).

The present study has important design limitations that have
to be taken into consideration. First, our control group was
composed of healthy unmatched blood donors. Although the
use of healthy blood donors as a control group has commonly
been used in genetic studies, it has the potential risk of mis-
classification of individuals, particularly when evaluating a con-
dition with a high penetrance, such as MBL deficiency. Second,
due to the retrospective design of the study, no power calcu-
lation was performed, which could seriously affect its capacity
to detect small differences, particularly when analyzing the
different subgroups of SIRS patients. Therefore, additional
independent studies are required to replicate our observations.

In conclusion, this study shows that low-MBL2 genotypes
were significantly underrepresented among patients with a
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noninfectious SIRS and were not associated with more severe
forms of sepsis or with death. The presence of MASP2 poly-
morphisms was not related to infectious SIRS and had no
impact on the prognosis of ICU patients with SIRS. Thus,
high-MBL producers seem to be at risk of developing a non-
infectious SIRS, while low-MBL producers are not likely to be
at higher risk of developing severe forms of infectious SIRS.
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ARTICLE INFO ABSTRACT
Keywords: Purpose: Soluble forms of CD5 and CD6 lymphocyte surface receptors (sCD5 and sCD6) are molecules that seem
CD5 to prevent experimental sepsis when exogenously administered. The aim of this study was to assess sCD5 and
;:DGA sCD6 levels in patients with septic syndromes.

epsis

Materials and methods: The study population consisted of 218 patients admitted to the medical intensive care unit
(ICU) presenting either septic syndromes or noninfectious systemic inflammatory response syndrome at admis-
sion or within the first 48 hours. The sCD5 and sCD6 levels were analyzed by sandwich enzyme-linked immuno-
sorbent assay.

Results: Almost 50% of the patients had undetectable levels of sCD5 or sCD6, with no differences in clinical or bi-
ological variables with detectable patients. There was a correlation between the delta Sequential Organ Failure
Assessment score and both sCD6 and sCD5 levels in all groups. Patients with sCD5 or sCD6 levels greater than
1500 ng/mL presented a higher in-ICU mortality (P <.05). Logistic regression analysis showed that increased
sCD6 levels were associated with an increased risk of in-ICU mortality.

Conclusions: Levels of sCD5 and sCD6 in critically ill patients with systemic inflammatory response syndrome
present a high variation and an elevated proportion of undetectability. Levels of sCD6 are associated with an in-

Systemic inflammatory response syndrome

creased risk of mortality in these patients.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Sepsis is a clinical entity characterized by a systemic inflammatory
response syndrome (SIRS) secondary to infection [1].
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Physiologic Score; Cl, confidence interval; CRP, C-reactive protein; ELISA, enzyme-linked
immunosorbent assay; ICU, intensive care unit; IP, intraperitoneal; MODS, multiple
organ dysfunction syndrome; OR, odds ratio; SAPS, Simplified Acute Physiologic Score;
SIRS, systemic inflammatory response syndrome; SRCR-SF, scavenger receptor cysteine-
rich superfamily; SOFA, Sequential Organ Failure Assessment; TBS, Tris-buffered saline.
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Current theories on the development and progression of sepsis are
focused on the dysregulation of inflammatory response, which can
lead to the multiple organ dysfunction syndrome (MODS) responsible
for the high mortality associated with these patients [2,3]. Different
molecules involved in this response have been evaluated as potential
therapeutic targets in animal models with promising results, but none
have been fully confirmed in clinical studies in humans [2,4,5].

The scavenger receptor cysteine-rich superfamily (SRCR-SF) is an
ancient highly conserved family of proteins that can be found either
on the cell surfaces or as soluble molecules [6]. The latter can be secreted
by cells of hematopoietic origin such as lymphocytes (CD5, CD6, and
T19/WT1) or by nonhematologic cells. Although there is no unifying
function for all of the members of the SRCR-SF, some have been impli-
cated in the development of the immune system and in the regulation
of innate and adaptive immune responses [7-9].

The CD5 and CD6 receptors are the only 2 members of the SRCR-SF
that are expressed on conventional T and Bla lymphocytes [9,10].
Both are lymphoid-specific surface glycoproteins that share important
similarities in structure, function, and tissue expression. They have
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also been identified at very low levels (picomolar to nanomolar range)
as soluble forms in human serum (sCD5 and sCD6) [9-12].

Little is known about the function of these sCD5 and sCD6 forms.
However, in vitro studies have demonstrated that affinity-purified
recombinant forms of these molecules selectively inhibit T-cell prolifer-
ation induced by certain polyclonal stimuli and antigen-presenting cells
[13-15]).

Recently, it has also been reported that both sCD5 and sCD6 could
have a role in the pathophysiology of sepsis [9,10,16]. Specifically, intra-
peritoneal (IP) administration of recombinant forms of sCD5 and sCD6
has been associated with better survival rates in mouse sepsis models
of fungal or bacterial origin, respectively. Accordingly, it has been demon-
strated that these molecules bind with relative high affinity to conserved
cell wall components from either gram-negative (eg, lipopolysaccharide)
or gram-positive (eg, lipoteichoic acid) bacteria (sCD6) [9,10] or from
saprophytic and pathogenic fungi (eg, linear 3-glucans) (sCD5) [16].
This binding induces bacterial/fungal aggregation, thereby likely facilitat-
ing their engulfment and clearance from the circulation by phagocytic
cells, and reduces the serum levels of proinflammatory cytokines induced
by either whole pathogens or their isolated cell wall components [16].

To the best of our knowledge, there are no studies assessing the role
of sCD5 and sCD6 in septic syndromes in humans. We designed this
study with the aim of analyzing sCD5 and sCD6 levels in critically ill
patients with sepsis, severe sepsis, and septic shock.

2. Materials and methods
2.1. Patients

The study population consisted of all patients consecutively admit-
ted to the medical intensive care unit (ICU) of the Hospital Clinic of
Barcelona with septic syndromes or noninfectious SIRS at admission
or within the first 48 hours and staying more than 2 days. Patients
with HIV infection, hematologic/neoplastic disease, or a diagnosis of
brain death and those presenting with an irreversible short-term fatal
disease or in whom futile care was decided were excluded.

During an 8-month period, 274 patients were admitted and 218
were included (Fig. 1). The patients were followed until hospital
discharge. Informed consent was obtained from the patients or their
relatives within 24 hours after admission. The protocol was approved
by the institutional review board of the hospital.

Epidemiological data, the primary site of infection, and infection-
related organisms were recorded. Clinical infections were defined ac-
cording to the Centers for Disease Control and Prevention criteria [17].

Severe sepsis and septic shock were defined according to the Society
of Critical Care Medicine (SCCM), European Society of Intensive Care
Medicine (ESICM), American College of Chest Physicians (ACCP),
American Thoracic Society (ATS), and Surgical Infection Society (SIS) con-
sensus conference [1]. Severity indexes including the Acute Physiology
And Chronic Health Evaluation (APACHE) II score, the Simplified Acute
Physiologic (SAPS) II score, the Acute Physiologic Score (APS), and the
Sequential Organ Failure Assessment (SOFA) score were calculated at
ICU admission and thereafter on a daily basis. The delta (A, difference be-
tween the maximum score and the score at admission) SOFA, A SAPS I,
and A APACHE II were calculated [18-21]. Multiple organ dysfunction
syndrome was considered in cases of acute progressive dysfunction of
2 or more organ systems, with a minimum failure score of 3 points
for each organ.

2.2. Laboratory studies

Collection of venous blood samples was performed according to
standard procedures of the hospital during the first 48 hours of admis-
sion. The samples were processed according to standard operating pro-
cedures of the hospital. All samples were stored at —80°C during the
first hour after their collection. Samples were stored in the same freezer
fitted with an alarm connected directly to the hospital in case of failure.
These molecules are stable over time with this process if they are not ex-
posed to freezing/thawing cycles.

Serum levels of both sCD5 and sCD6 were quantified using a specific
enzyme-linked immunosorbent assay (ELISA) sandwich developed in
our laboratory. Briefly, F96 Maxisorp plates (Nunc, Kamstrup,
Denmark) were coated overnight at 4°C with 500 ng of affinity-
purified anti-CD5 (Cris-1) or anti-CD6 (161-8) monoclonal antibodies.
After 4 washes with Tris-buffered saline (TBS; Tris-HCl 10 mmol/L,
150 mmol/L NaCl) plus 0.05% Tween-20, the plates were blocked for 1
hour at room temperature with TBS plus 5% bovine serum albumin.
Test samples (100 pL) were incubated for 2 hours and 30 minutes at
room temperature in blocking solution (TBS-bovine serum albumin).
After another washing cycle, wells were incubated for 1 hour at room
temperature with biotin-labeled anti-CD5 (Leu-1) or anti-CD6 (SPV-
L14.2) monoclonal antibodies in blocking solution. After another wash-
ing step, the assay was developed with the ELISA Amplification System
(Invitrogen) following the manufacturer’s instructions. Absorbance at
492 nm was measured using an Epoch Biotek ELISA reader. As a stan-
dard protein, we used serial dilutions of affinity-purified human recom-
binant soluble forms of CD5 and CD6 [10,16] in blocking solution. The
lower detection limit was 0.5 ng/mL for both proteins.

274 patients admitted

21  Acute hematological disorder
10 Brain death

6  Advanced neoplasia
3 HIV infection

234 patients selected

8 Unresolved surgical problems

k.

8 Futile care

218 patients included

y

k.

83 Septic shock at ICU
entry or within 48 h
after admission

25 Severe sepsis at ICU
entry or within
48 h after admission

59 Non-infectious SIRS
along 48 h
after admission

51 Sepsis at ICU
entry or within
48 hours after admission

Fig. 1. Flowchart of the patients in the study according to the inclusion criteria.
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2.3. Statistical analysis

Results are expressed as mean and standard deviation for quantita-
tive variables following a normal distribution and as median and inter-
quartile range otherwise. Qualitative variables are expressed as
percentages. Normality was assessed with the Shapiro-Wilk test.

Because plasma levels of both sCD5 and sCD6 did not follow a nor-
mal distribution, nonparametric tests were used for all the statistical
analyses including these variables. Correlation studies were performed
using Spearman p and comparison of the sum of ranks with the
Mann-Whitney test. In comparisons that included only variables with
a normal distribution, a Student ¢ test was used.

2 and Fisher tests were used to compare qualitative variables. A lo-
gistic regression model including sCD5 and sCD6 levels was used to as-
sess if they were independently associated with ICU mortality.

All tests were performed with a bilateral significance level of P<.05.
Statistical analysis was done with SPSS statistical software (version
18.0.0; SPSS, Chicago, IL).

3. Results
3.1. Baseline patient characteristics
Atotal of 218 patients were studied. Eighty-three patients (38%) had

septic shock, 25 (11.5%) severe sepsis, 51 (23.4%) sepsis, and 59 (27.1%)
noninfectious SIRS at ICU admission or within the following 48 hours

Table 1
Epidemiological and clinical data of the patients in the study

(Fig. 1). The main epidemiological and clinical data of the patients are
shown in Table 1. The mean age of the patients was 62.2 4+ 16 years
(range, 18-85), and 63.8% were men. The mean APACHE II, SAPS II,
and SOFA scores at ICU admission were 16.7 + 6.3, 37.2 4+ 12.2, and
8.5 + 3, respectively.

The characteristics among the different groups were compared
(Table 1). There were no statistically significant differences regarding
age, sex, primary site of infection, or use of corticosteroids in the last
month. Patients with septic syndromes presented a higher exposure
to antibiotics the month before admission compared with those with
noninfectious SIRS. The APACHE II and SOFA scores were higher in pa-
tients with severe sepsis and septic shock compared with other groups,
as was the length of ICU stay (P < .05).

Intensive care unit mortality was 14.7% (32 patients), and it was sig-
nificantly higher in septic shock patients (27.7%) compared with those
with sepsis (3.9%) and noninfectious SIRS (5.1%). The main cause of
death was MODS in septic patients (84.4%) and cardiovascular collapse
in noninfectious SIRS (2 of 3 deaths). The in-hospital mortality among
ICU survivors was 6.4%, and it was higher in patients with noninfectious
SIRS (13.5%) compared with those with septic syndromes (6%, P <.05).

3.2. sCD5 and sCD6 levels and clinical features
The distribution of sCD5 and sCD6 levels according to diagnostic

category in our population is shown in Fig. 2. Neither original levels
nor logarithmic transformation followed a normal distribution.

Septic shock (n = 83)

Severe sepsis (n = 25)

Sepsis (n = 51)  Noninfectious SIRS (n = 59) Total (N = 218)

Age,y 62.6 (15.2) 64.3 (16.3) 582 (17.1) 64 (15.7) 62.17 (16)
Sex, % men 66.3% 56% 58.8% 67.8% 64%
Hospital stay before ICU admission, d 2(3.7) 2.6 (8.2) 1(2.5) 1.5 (44) 1.7 (44)
APACHE II score at admission 18.4 (6) 17.7 (6.5) 133 (63)%9# 170 (5.5) 16.7 (6.3)
A APACHE II 3.7 (4.1) 4(3.6) 2.9 (4) 2.2 (44)F 3.1(4.2)
SAPS Il score at admission 42,0 (12.0) 402 (13) 29.7 (11.7)"8%# 356 (9.1)"9 37.2 (12.2)
ASAPS 11 8.5 (12) 5.4 (8) 6(10.8) 3.8(6.2)" 6.3 (10)
SOFA score at admission 10.0 (3.0) 9.0 (3.7) 6.8 (2.8)" I 7.8 (24)" 8.5 (3.1)
A SOFA 1.6 (2.4) 12(2) 15(2.3) 13(1.8) 15(22)
APS at admission 16.4 (7.3) 15 (7.6) 9.7 (4.9)49" 12.7 (5.8)1 13.7 (7)
Surgery, n (%)? 24 (28.9) 6 (24) 7(13.7)* 22 (37.2) 59 (27)
Site of infection, n (%)
Respiratory 46 (55.4) 16 (64) 35 (68.6) NA 97 (44.5)
Digestive 15 (18.1) 4(16) 4(7.8) NA 23 (10.5)
Urinary 9(10.8) 0 1(2) NA 10 (4.6)
Central nervous system 4(4.8) 4(16) 4(7.8) NA 12 (5.5)
Cutaneous 2(24) 1(4) 1(2) NA 4(1.8)
Cardiovascular 2(24) 0 0 NA 2(0.9)
Others 5 (6) 0 5(10) NA 10 (4.6)
Glucose, mg/dL 179 (83) 159 (81) 192 (104) 202 (103) 185 (94)
CRP, mg/dL 244 (14.3) 14.6 (8) 13.2 (8.5)"# 6.2 (5.9)"8 16.8 (12.8)
Lymphocytes, 10°/L 896 (879) 1067 (892) 1409 (1630)F 1284 (866)* 1141 (1115)
Length of ICU stay, d 12 (10.6) 14.3 (15.7) 8 (5.8)F9 8.3 (9)9 10.3 (10.2)
Invasive mechanical ventilation during ICU stay, n (%) 70 (85) 19 (76) 29 (56.8)""" 46 (78) 164 (75.23)
Parenteral nutrition during ICU stay, n (%) 26 (31.3) 6 (24) 9(17.6)" 4(6.8)"9 45 (20.6)
Renal replacement therapy during ICU stay, n (%) 13 (15.7) 5(20 4 (7.8)+9 3 (5.1)H 25 (11.5)
ICU mortality, n (%) 23 (27.7) 4(16 2(3.9)" 3(5.1)" 32 (14.67)
Multiorgan failure, n (%) 20 (24.0) 4(16 2(3.9) 1(1.6)%9 27 (12.4)
Sudden cardiovascular collapse, n (%) 3(3.6) 0 0 2(34) 5(2.3)
Post-ICU in-hospital mortality, n (%) 5(6) 1(4) 0/ 8(13.5) 14 (6.4)
Overall hospital mortality, n (%) 28 (33.7) 5 (20) 2 (3.9)%9 11 (18.6)* 46 (21.1)

Characteristics in septic shock, severe sepsis, sepsis, and noninfectious SIRS are compared. Data refer to values at admission unless otherwise indicated. Data are expressed as mean and
standard deviation for quantitative variables and percentages for categorical variables. NA indicates not applicable.

¢ Surgery as cause of ICU entry or performed during ICU stay.
* P<.001 compared with septic shock.
T P<.01 compared with septic shock.
¥ P<.05 compared with septic shock.
§ P<.001 compared with severe sepsis.
" P<.01 compared with severe sepsis.
% P<.05 compared with severe sepsis.
# P<.01 compared with noninfectious SIRS.
** P<.05 compared with noninfectious SIRS.
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Fig. 2. Distribution of sCD5 (2A) and sCD6 (2B) levels according to diagnostic category. NI-SIRS: Non-infectious Systemic Inflammatory Response Syndrome. Data are expressed as me-

dian and interquartile range. Comparisons were made using the Kruskal-Wallis test.

The median and mean sCD5 values were 10 and 439.2 ng/mlL,
respectively (range, 0-27860), and 107 (49.1%) patients had
undetectable levels.

Regarding the sCD6 levels, the median and mean values were 8.5
and 156.5 ng/mL, respectively (range, 0-4499); and in 99 (45.4%)
patients, the levels were undetectable.

There was a strong correlation between the levels of sCD5and sCD6
(r= 0.6, P = .01), and there were no statistically significant differences
between any clinical variable between patients with and without
detectable sCD5 or sCD6 levels (data not shown).

We analyzed the levels of sCD5 and sCD6 according to different clin-
ical features. There were no statistically significant differences in sCD5
or sCD6 levels regarding sex, diagnostic category (noninfectious SIRS,
sepsis, severe sepsis, and septic shock), the presence of bacteremia dur-
ing hospitalization, type of microorganism (if any was isolated)), site of
infection, need for renal replacement therapy, mechanical ventilation,
or length of ICU stay, among others (Table 2).

We found a significant positive correlation between the A SOFA
score and sCD5 (and a marked trend with sCD6) levels regardless of
the diagnostic group (Table 3). However, no significant correlations
were found with other quantitative variables at admission such as C-
reactive protein (CRP); total lymphocyte count; and APACHE II, SAPS
II, or SOFA scores. Only sCD6 levels significantly correlated with glucose
levels at ICU admission.

Taking into account the high number or patients with undetectable
levels of both sCD5 and sCD6, we also performed the data analysis ex-

cluding these patients; but the differences continued to be nonsignificant.

Finally, we stratified patients into 2 groups according to sCD5 and
sCD6 levels: group 1 (0-1499 ng/mL) and group 2 (>1500 ng/mL).
Patients in group 2 required more renal replacement therapy (P = .04).

3.3. sCD5 and sCD6 levels and outcome

There were no differences between sCD5 and sCD6 levels among ICU
survivors and nonsurvivors. However, in the logistic regression analysis,

we found that sCD6 but not sCD5 levels were associated with an in-
creased risk of death in the ICU (odds ratio [OR], 1.001; 95% confidence
interval [CI], 1.000-1.001; P = .007 for sCD6; OR, 1.0001; 95% CI, 0.9999-
1.0003; P = .33 for sCD5).

There were no differences between sCD5 and sCD6 levels among pa-
tients who died during hospitalization and those who survived after I[CU
discharge.

When we stratified patients into 2 groups according to sCD5 and
sCD6 levels greater than or less than 1500 ng/mL, we found that those
with levels of at least 1500 ng/mL presented higher in-ICU mortality
for both sCD5 (13.1% vs 41.67% for groups 1 and 2, respectively;
P <.05) and sCD6 (13% vs 66.67% for groups 1 and 2, respectively;
P < .05) (Fig. 3).

4. Discussion

In this study, we assessed sCD6 and sCD5 levels in a population of
critically ill patients with infectious and noninfectious SIRS and evaluat-
ed their relationship with different clinical features and outcome. The
main findings were that sCD6 levels were associated with an increased
risk of mortality and that both sCD5 and sCD6 levels had a good correla-
tion with the evolution of MODS measured by the A SOFA score. More-
over, those patients with sCD5 or sCD6 levels greater than 1500 ng/mL
presented higher in-ICU mortality.

Soluble forms of CD5 and CD6 act as pattern recognition receptors
for microbial cell wall components of fungal (sCD5) [16] or bacterial
(sCD6) origin [9,10], and recent experimental studies have demonstrat-
ed that they are potential targets in the treatment of sepsis [9,10,16]. In
an experimental animal model of IP injection of lipopolysaccharide, pro-
phylactic administration of a recombinant soluble form of CD6 (shCD6)
induced a significant reduction in plasma levels of proinflammatory
cytokines, a significant increase in plasma levels of anti-inflammatory
cytokines, and a significant improvement in the survival rate of the
mice compared with controls [9,10]. Similarly, administration of
shCD5 in a mouse model of SIRS of fungal origin induced by IP zymosan
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Table 2
Levels of sCD5 and sCD6 levels according to different clinical features

Variables n sCD5 (ng/mL)  sCD6 (ng/mL)
Sex

Men 139 3(262) 9 (66)

Women 79 22 (297) 8 (48)
Bacteremia

Yes 27 54 (436) 13 (123)

No 191 0 (255) 8 (51)
Need for renal replacement therapy

Yes 25 0.0 (425) 13 (413)

No 193 22 (265.5) 8 (42.5)
Need for mechanical ventilation

Yes 162 3(270) 8 (50)

No 56 22 (30) 10 (60)
Need for parenteral nutrition

Yes 45 0.0 (41.5) 0.0 (23.5)

No 173 26 (318)" 10 (63.5)
Use of corticosteroids in the last month

Yes 26 0.0 (32) 3(57)

No 192 22 (270) 9(51)
Site of infection

Cardiovascular 2 0.0 (0-0) 0.0 (0-0)

Cutaneous 4 285 (43) 11.5(10)

Digestive 23 3(274) 3(77)

Pulmonary 110 1.5 (300) 10 (51)

Central nervous system 12 81 (893) 10.5 (153)

Urinary 11 0.0(71) 13 (39)

No infection 56  19.5(274) 4 (68.25)
Isolated germ

No isolated germ 96 0.0 (286.5) 0.0 (68)

Gram-negative bacilli 60 30(182) 11 (49)

Gram-positive bacilli 49 3(332) 10 (50)

Fungal infection 6 218 (862) 41 (502)

Virus 4 131(1724) 11 (282)

Parasites 3 0.0 (0-0) 0.0 (0-0)
Diagnostic category

Septic shock 83 0.0 (154) 2(51)

Severe sepsis 25 0.0 (146) 0.0 (40)

Sepsis 51 43 (452) 12 (48)

Noninfectious SIRS 59 26 (311) 10 (66)
Prognosis

Survivor 186 11 (256) 9.5 (50)

Nonsurvivor 32 8.5 (473) 4(327)

Data are expressed as median and interquartile range for quantitative variables.
* P<.05.

resulted in a significant reduction in the toxicity score, peritoneal
leukocyte infiltration, and serum levels of proinflammatory cytokines,
and also increased the survival rate [16]. However, to the best of our
knowledge, no human study had evaluated the role of sCD5 and sCD6
in sepsis to date.

Our study shows some interesting results. Almost half of the patients
presented undetectable levels of both sCD5 (49.1%) and sCD6 (45.4%). A
similar proportion has previously been described by Ramos-Casals et al
[22] in patients with Sjégren syndrome and also in healthy individuals
(50% undetectable, with lower titers). As we could not demonstrate
any demographic, clinical, or biological differences among patients
with undetectable vs detectable levels, genetic factors may account for
this diversity.

There were no significant differences regarding the levels of both
sCD5 and sCD6 between patients with septic syndromes and noninfec-
tious SIRS. That could suggest that the cause of their increase is inflam-
mation whether the cause is infectious or not.

We also observed that, although we could not find correlations with
the APACHE II, SAPS II, APS, or SOFA scores at admission, the levels of
both sCD5 and sCD6 (the latter not significant but with a marked
trend) had a good positive correlation with A SOFA. There is evidence
that A SOFA is associated with prognosis even more than SOFA at admis-
sion [18,21]. That is, patients with higher sCD5 and sCD6 levels present-
ed a higher risk of increase in their degree of MODS regardless of the
initial score. Furthermore, logistic regression analysis showed that

Table 3
Correlation between sCD5 and sCD6 levels and quantitative variables
sCD5 sCD6
Variables at ICU Correlation P Correlation P

admission coefficient® coefficient®

Age,y 0.013 85 0.13 .06
Glucose, mg/dL 0.051 45 0.24 <.01
CRP, mg/dL —0.14 14 —0.13 18
Lymphocyte count, 105/ —0.02 8 —0.006 93

L

Platelet count, 105/L 0.024 73 0.05 44
SOFA score —0.085 22 —0.07 3
A SOFA score 0.15 .03 0.12 .08
SAPS Il score —0.01 .89 0.06 38
A SAPS Il score 0.06 4 0.055 42
APACHE II score 0.064 35 0.08 24
AAPACHE 11 —0.11 1 0.013 .85
APS 0.013 9 0.02 8
ICU length of stay —0.012 .86 —0.022 74
Hospital length of stay 0.04 .56 0.08 25

2 Spearman p.

higher levels of sCD6, but not sCD5, were associated with an increased
risk of mortality. However, given the values obtained (OR, 1.001; 95%
Cl, 1.000-1.001; P = .007) for sCD6, the clinical relevance of this result
should be interpreted with caution.

We found that sCD6 correlated with glucose levels. We do not know
of any previously published association between these 2 molecules. A
logistic regression model including blood glucose and sCD6 was per-
formed, and only sCD6 remained significantly associated with mortality.
Therefore, we can conclude that association of sCD6 with mortality was
independent of glucose levels.

Given previous experimental data [9,10] where infusion of shCD6
improved the survival of septic mice, our results seem contradictory.
However, there exist some differences that can explain such controver-
sy. First, the amounts of shCD6 administered to the septic animals (1.25
mg/kg) resulted in sCD6 serum levels far above (micromoles-per-liter
range) the expected baseline levels (picomoles/nanomoles-per-liter
range) in those mice [9,10]. Second, sCD6 was administered in the
mice before the septic insult, whereas we measured sCD6 levels once
the sepsis is established. One could speculate that only very high and
prompt levels could be beneficial.

In our opinion, the association of increased levels of sCD6 and in-ICU
mortality could be due to 2 different scenarios. On the one hand, our
in vitro data and previous works indicate that sCD6 (and sCD5) may re-
sult from proteolytic cleavage of the membrane-bound form following
polyclonal T-cell activation [13,23] and then they can selectively inhibit
the T cell proliferation [13]. We could hypothesize that this is as a con-
trol mechanism of the host to avoid hyperinflammationm, but an exces-
sive counterregulation of T cells could cause a “hypoinflammatory” state
responsible for increased mortality [24-26]. On the other hand, the
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Fig. 3. In-ICU mortality according to the stratification of sCD5 and sCD6 levels. Group 1: 0 to
1499 ng/mL; group 2: greater than 1500 ng/mL. *P < .05 with respect to the other groups.
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increased levels of sCD6 (and sCD5) that we have shown in humans
could be not an adaptive response but a consequence of the widespread
apoptosis that happens during the acute phase of the disease [27,28].
Programmed death of lymphocytes in these patients could therefore in-
crease the release of CD5 and CD6 from their surface. Favoring this hy-
pothesis, patients with septic shock had the lowest level of circulating
lymphocytes (Table 1) [26]. However, there was no correlation between
sCD5 or sCD6 levels and lymphocyte count.

Interestingly, only the sCD6 levels were associated with mortality. Al-
though both could be released when T cells are activated, it seems that
sCD6 is more related to bacterial infections, whereas sCD5 is more related
to fungal agents [9,10,16]. Most of the infections in our patients (50%)
were of bacterial origin (Table 2), which could explain this difference.

Our study has several important limitations. Because it is the first
time that sCD5 and sCD6 are evaluated in critically ill patients with
SIRS, we cannot know if our sample size was big enough to find more
differences. Moreover, we only analyzed one sample at admission. Per-
haps, the levels of sCD5 and sCD6 present marked oscillations in time
that could be more associated with prognosis or, contrarily, make the
relation we found merely spurious. Another potential limitation of the
study is that we did not use non-SIRS ICU patients, non-ICU-admitted
patients, or healthy age- and sex-matched controls to compare with
our patients. This may partly explain why we were unable to discern
many significant correlations between sCD5 and sCD6 levels and dis-
ease outcomes in the different patient populations. Finally, it would
have been very interesting to evaluate the correlation between the
levels of sCD5 and sCD6 and the inflammatory molecules involved in in-
fectious and noninfectious SIRS, similar to animal models [9,10,16].
However, the study was oriented to make a description for the first
time of sCD5 and sCD6 molecules in critically ill septic patients; and
their exact role in sepsis needs further research.

In conclusion, sCD5 and sCD6 levels in critically ill patients with SIRS
present a high variation and an elevated proportion of undetectability.
Levels of sCD6 but not sCD5 are associated with an increased risk of
mortality in critically ill patients with SIRS, either infectious or not.
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ABSTRACT—Purpose: Decreased ADAMTS-13 (A Disintegrin and Metalloprotease with a ThromboSpondin type 1 motif,
member 13) seems to be associated with a poor prognosis in sepsis. However, its role in different septic syndromes and other
causes of systemic inflammatory response syndrome (SIRS) remains unclear. The aims of this study were to assess ADAMTS-13
levels in patients with septic syndromes or noninfectious SIRS and to determine their association with morbidity and mortality.
Methods: The study population consisted of 178 patients admitted to the medical intensive care unit presenting either septic
syndromes or noninfectious SIRS. ADAMTS-13 levels were analyzed. Results: Patients with septic syndromes showed signifi-
cantly lower levels of ADAMTS-13 compared with those with noninfectious SIRS (P = 0.014). Patients with severe sepsis or septic
shock presented lower levels than those of patients with sepsis (P = 0.086). A significant negative correlation was found between
ADAMTS-13 levels and delta Sequential Organ Failure Assessment and Acute Physiology and Chronic Health Evaluation II
scores at admission in the septic patients. Patients who died had significantly lower levels of ADAMTS-13 compared with survi-
vors, both in the whole population and among the septic patients (P = 0.002 and P = 0.009, respectively). Logistic regression
analysis showed that decreased ADAMTS-13 levels were associated with an increased risk of in-intensive care unit mortality
(odds ratio, 0.985; 95% confidence interval, 0.973-0.998; P = 0.023). Conclusions: Septic patients have lower levels of
ADAMTS-13 than do patients with noninfectious SIRS. Levels of ADAMTS-13 are correlated with illness severity in patients with
septic syndromes. ADAMTS-13 levels were associated with an increased risk of mortality in critically ill patients with SIRS
especially those with septic syndromes.

KEYWORDS—ADAMTS-13 protein, human, sepsis, severe sepsis, septic shock, systemic inflammatory response syndrome

INTRODUCTION

Sepsis is a clinical syndrome characterized by systemic in-
flammation secondary to infection (1). There is a continuum of
severity from sepsis to severe sepsis and septic shock. Despite
mortality by septic shock has decreased over the last decade, it
remains high even with optimal treatment (2-5).

The endothelium is a cornerstone in the pathophysiology of
sepsis (6). Under normal conditions, endothelial cells inhibit co-
agulation, prevent platelet aggregation as well as adherence and
migration of blood cells, and regulate vascular tone and perme-
ability (7, 8). Endothelial activation, which is present in sepsis
because of several cytokines and other inflammatory mediators,
can induce a procoagulant state that is associated with widespread
microvascular injury and thrombosis (7, 9).

The von Willebrand factor (VWF), a multimeric protein, is
involved in this process (10, 11). It is released from the stimulated
endothelium as unusually large multimers (UL-VWF) (12).
ADAMTS-13 (A Disintegrin and Metalloprotease with a
ThromboSpondin type 1 motif, member 13) is the protease that
cleaves the UL-VWF (13), generating smaller forms normally
found in the blood circulation (14, 15). The decrease in the ac-
tivity of ADAMTS-13 results in the persistence of UL-VWF and
the formation of microvascular platelet thrombi in small arterioles
resulting in microvascular ischemia and organ failure in throm-
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botic thrombocytopenic purpura (TTP) (14, 15). Although severe
deficiency of ADAMTS-13 appears to be a specific finding of
TTP (16, 17), mild or moderate deficits of its activity have been
described in several clinical situations such as disseminated in-
travascular coagulation (18), thrombocytopenic disorders other
than TTP (16), ischemic stroke (19), patients with coronary artery
disease (20), arterial thrombosis (21), liver cirrhosis, pregnancy,
after surgery, in newborns, and in some healthy subjects (22).

Recently, some studies have also shown a decreased activity
(7, 9, 23, 24) or antigen levels (9) of ADAMTS-13 in sepsis.
However, the pattern of ADAMTS-13 levels in different septic
syndromes and their differences with other causes of systemic
inflammatory response syndrome (SIRS) of noninfectious origin
in critically ill patients have not been evaluated.

We designed this study to explore a potential role of
ADAMTS-13 in the pathophysiology of sepsis, with the aim of
assessing and comparing ADAMTS-13 levels in critically ill patients
with different septic syndromes (sepsis, severe sepsis, and septic
shock) and noninfectious SIRS, as well as evaluate their relationship
(if any) with severity of illness, patient outcome, and mortality.

MATERIALS AND METHODS

Patients

We conducted a nonrandomized observational prospective cohort study in a
university hospital in Barcelona (Hospital Clinic of Barcelona). All patients con-
secutively admitted to the medical intensive care unit (ICU) of the Hospital Clinic of
Barcelona during an 8-month period with a septic syndrome or noninfectious SIRS
at admission or within the first 48 h were included. Patients with an ICU stay of less
than 48 h, human immunodeficiency virus infection, hematologic malignancy,
cardiac arrest with or without therapeutic hypothermia, or diagnosis of brain death

Copyright © 2015 by the Shock Society. Unauthorized reproduction of this article is prohibited.
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and those who presented an irreversible short-term fatal disease or in whom futile care
was decided were excluded. The patients were followed up until hospital discharge.

Epidemiologic data, the primary site of infection, and infection-related organisms
were recorded. Severity indexes including the APACHE II (Acute Physiology and
Chronic Health Evaluation II) score, the SAPS II (Simplified Acute Physiologic)
score, and the SOFA (Sequential Organ Failure Assessment) score were calculated
at ICU admission and thereafter on a daily basis. Delta (A) SOFA (maximum SOFA
score minus SOFA score at admission) was also calculated (25, 26). Multiorgan
failure was considered in case of acute progressive dysfunction of two or more organ
systems, with a minimum failure score of three points for each organ.

For analysis purpose, patients were categorized based on the presence of
noninfectious SIRS, sepsis, severe sepsis, and septic shock according to the Society
of Critical Care Medicine/European Society of Intensive Care Medicine/American
College of Chest Physicians/American Thoracic Society/Surgical Infection Society
consensus conference definitions (1). Clinical infections were defined according to
the Centers for Diseases Control and Prevention criteria (27).

The protocol was approved by the institutional review board of the Hospital Clinic
of Barcelona. Informed consent was obtained from the patients or their relatives
within 24 h after admission, and none refused to participate. Blood samples and the
information used in the study were coded, and patient confidentiality was preserved.

Laboratory studies

Samples of venous blood were collected in 3.8% sodium citrate. Platelet-poor
plasmas were obtained by centrifugation and immediately aliquoted and stored at
—80°C until used.

ADAMTS-13 was measured by a commercially available chromogenic method
(IMUBIND ADAMTSI13 ELISA; American Diagnostica, Stamford, Conn) in a
blinded fashion. In brief, diluted plasma samples (1:10) were added to 96-
microwell plates coated with a rabbit polyclonal antibody against ADAMTS-13
and incubated for 150 min at room temperature on an orbital shaker with agitation
(at 250 revolutions/min [rpm]). After washing, a biotinylated rabbit antiiFADAMTS-
13 polyclonal antibody was added and incubated for 1 h at room temperature on an
orbital shaker with agitation (at 250 rpm). A streptavidin—horseradish peroxidase
conjugate was then added for 1 h at room temperature on an orbital shaker with
agitation (at 250 rpm) to complete the formation of the antibody-enzyme detection
complex. The ADAMTS-13 protein captured on the plate was revealed by incuba-
tion (8 min at room temperature) with a perborate-3,3,5,5-tetramethylbenzidine
substrate dilution. The reaction was stopped by adding sulfuric acid (0.5 M) to the
wells. Microwell absorbances were read at 450 nm, and the value was extrapolated
with those of a standard curve. In our population, the median of ADAMTS-13 levels
in citrated plasma from 50 healthy volunteers was 222.5 ng/mL (interquartile range
[IQR], 131.75-354.25 ng/mL), with intra-assay and interassay coefficients of vari-
ation of 4.9% and 7.4%, respectively (28).

For hemostasis studies, blood was collected in 3.8% sodium citrate—containing
tubes (Becton Dickinson, San Jose, Calif). Samples were centrifuged, and platelet-
poor plasma aliquots were frozen at —80°C until assayed. Prothrombin time and
activated partial thromboplastin time were determined in an automated BCS XP
analyzer (Siemens, Marburg, Germany) using standard reagents (Thromborel and
Actin FS; Siemens). Fibrinogen was measured by the Clauss technique. For platelet
counts blood was collected in K, EDTA—containing tubes (Becton Dickinson) and
determined in an Advia 2120 analyzer (Siemens, Deerfield, I11).

Statistical analysis

Results are expressed as mean and SD for quantitative variables that follow a
normal distribution and as median and IQR (25th—75th percentiles) otherwise.
Qualitative variables are expressed as percentages. Normality was assessed with the
Shapiro-Wilk test.

Because the plasma levels of ADAMTS-13 did not follow a normal distribution,
nonparametric tests were used for all statistical analyses including this variable.
Correlation studies were performed using Spearman p and comparison of the sum
of ranks with the Mann-Whitney U and Kruskal-Wallis tests. In comparisons in-
cluding only variables with a normal distribution, a Student ¢ test was used.

%* And Fisher tests were used to compare qualitative variables. A logistic re-
gression model including ADAMTS-13 levels and other hemostatic parameters
(platelets, prothrombin, fibrinogen, and activated partial thromboplastin time) was
used to assess if they were independently associated with ICU mortality.

All tests were performed with a bilateral significance level of P < 0.05.
Statistical analysis was done with SPSS statistical software (version 18.0.0;
SPSS Inc, Chicago, III).

RESULTS

Baseline patient characteristics

During the study period, 214 patients were admitted to the
ICU, and 178 were included (Fig. 1). All the subjects were of
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214 patients admitted

14 Acute hematological disorder
8 Brain death

4 Advanced ncoplasia

2 HIV infection

| 186 patients selected |
6 Unresolved surgical problems
2 Futile care
178 patients included

76 Septic shock at ICU
entry or within 48
hours after admission

14 Severe sepsis at ICU
entry or within
48 hours after admission

37 Sepsis at ICU
entry or within
48 hours after admission

51 Non-infectious SIRS at
ICU entry or within
48 hours after admission

Fic. 1. Flowchart of the patients in the study according to inclusion
criteria. All patients consecutively admitted to the medical ICU during an 8-month
period with a septic syndrome or noninfectious SIRS at admission or within the
first 48 h were included. HIV indicates human immunodeficiency virus.

white descent, living in or around Barcelona (Catalonia, Spain).
Seventy-six patients (42.7%) had septic shock, 14 (7.86%) se-
vere sepsis, 37 (20.8%) sepsis, and 51 (28.65%) noninfectious
SIRS at ICU admission or within the following 48 h (Fig. 1).
The main epidemiologic and clinical data of the patients are
shown in Table 1. The mean age of the patients was 62.9 +
15.67 years (range, 18-85 years), and 61.2% were men. The
mean APACHE II, SAPS II, and SOFA scores at ICU admission
were 17.0 £ 6.4, 38.2 + 12.3, and 8.6 + 3.2, respectively.

We compared the patient characteristics among the different
groups (sepsis, severe sepsis, septic shock, and noninfectious
SIRS) (Table 1). There were no statistically significant differences
regarding age, sex, or primary site of infection. The APACHE II
and SOFA scores were lower in patients with sepsis compared
with the other groups (P < 0.05). The length of ICU stay was
shorter in patients with sepsis and noninfectious SIRS compared
with patients with severe sepsis and septic shock (P < 0.02).

Intensive care unit mortality was 14.0% (25 patients), mainly
due to multiorgan failure (84.0 %). It was significantly higher in
septic shock patients (25.0%) compared with patients with sepsis
(5.4%) and noninfectious SIRS (3.9%). Conversely, in-hospital
mortality among ICU survivors was higher, albeit not statistically
significant, in patients with noninfectious SIRS (15.7%) com-
pared with patients with septic shock (6.6%). The overall hospital
mortality was 21.9%. Regarding the cause of death in the ICU,
most patients with septic syndromes died because of multiple
organ failure (91.3%), whereas the cause of in-ICU death of pa-
tients with noninfectious-SIRS (two of 51 patients) was cardio-
vascular collapse (100%).

ADAMTS-13 levels and patients characteristics

The median value of ADAMTS-13 levels in our population was
85.22 ng/mL (IQR, 58.4-116.11 ng/mL). The values did not fol-
low a normal distribution, even after logarithmic transformation.

We analyzed ADAMTS-13 levels according to different clin-
ical features. There were no statistically significant differences in
ADAMTS-13 levels regarding sex, site of infection, presence of
bacteremia during hospitalization, need for mechanical ventila-
tion, or renal replacement therapy, among others (Table 2).

We also evaluated possible correlations between ADAMTS-13
levels and other quantitative variables (Table 3). We did not find
correlation with any of the parameters studied except for fibrin-
ogen and length of ICU stay.

Copyright © 2015 by the Shock Society. Unauthorized reproduction of this article is prohibited.
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TasLe 1. Characteristics of the patients included in the study

Septic shock Severe sepsis Sepsis Noninfectious SIRS
(n=76) (n=14) (n=37) (n=51) P*

Age, median (IQR), y 67 (22) 72 (21) 61 (27) 70 (24) NS
Sex, n (%) of men 50 (65.8) 7 (50) 19 (51.4) 33 (64.7) NS
APACHE Il score 18.6 (6.2) 17.3 (6) 13.2 (6.5) 17.4 (5.5) <0.05
SAPS Il score 42.3 (12.1) 44 (13) 31 (12) 35.6 (9.4) <0.05
SOFA score 10.2 (2.9) 8.7 (3.3) 6.3 (2.7) 7.7 (2.4) <0.05
Surgery’ 22 (28.9) 6 (43) 7 (18.9) 19 (37.3) NS
Heart failure NYHA IV 1(1.3) 1(7.1) 0 10 (19.6) <0.05
Chronic respiratory disease 25 (32.9) 7 (50) 11 (29.7) 16 (31.4) <0.05
Chronic kidney failure 1(1.3) 0 0 0 <0.05
Liver cirrhosis 5 (6.6) 0 0 2(3.9) <0.05
Site of infection

Respiratory 42 (55.3) 10 (71.4) 23 (62.2) NA NS

Digestive 14 (18.4) 2 (14.3) 4 (10.8) NA NS

Urinary 8 (10.5) 0 1(2.7) NA NS

Central nervous system 4 (5.3) 1(71) 2 (5.4) NA NS

Cutaneous 2 (2.6) 1(7.1) 1(2.7) NA NS

Cardiovascular 2 (2.6) 0 0 NA NS

Others 4 (5.3 0 6 (16.2) NA NS
Glucose, mg/dL 182 (86) 186 (93) 192.1 (106) 207.6 (109) NS
CRP, mg/dL 23.3(13.7),n=40 10.8(5.8),n=6 12.9 (8.6), n= 18 52 (5.7),n=14 <0.05
Platelet count, x10%/L 178.18 (127) 201.8 (91) 195 (118) 171.3 (86.3) NS
Partial thromboplastin time, s 34.11 (5.1) 32.3 (4.8) 29.6 (4.4) 33.7 (9.2) <0.001
Prothrombin time, % 65.76 (16.3) 71.07 (22.3) 81.4 (17.8) 73.8 (19.7) <0.001
Fibrinogen, g/L 5.7 (2.7) 5.2 (1.45) 4.87 (1.9) 4.26 (1.6) <0.05
Lymphocytes, cells x10°/L 910.9 (907.1) 811.4 (705.3) 1,525.1 (1,746) 1,300.4 (881) 0.001
Length of ICU stay, d 12.3 (10.9) 13 (12) 8.41 (6) 7.4 (7.1) <0.02
Invasive mechanical ventilation during ICU stay 65 (85.5) 13 (93) 24 (65) 39 (76.5) <0.05
Parenteral nutrition during ICU stay 26 (34.2) 2 (14.3) 7 (18.9) 2(3.9) 0.001
Need of vasopressors 76 (100) 0(0) 0 (0) 17 (33.3%) <0.0015
Renal replacement therapy during ICU stay 13 (17.1) 3 (21.4) 5(13.5) 2 (3.9) <0.05
ICU mortality 19 (25) 2 (14.3) 2 (5.4) 2(3.9) <0.05
Post-ICU in-hospital mortality 5 (6.6) 1(7.1) 0 8 (15.7) NS
Overall hospital mortality 24 (31.6) 3 (21.4) 2 (5.4) 10 (19.6) <0.05

Data refer to values at admission otherwise indicated. Data are expressed as mean (SD) for quantitative variables and count (percentages) for

categorical variables, otherwise indicated.

*Kruskal-Wallis test for quantitative variables and »? test for qualitative variables.

TSurgery as cause of ICU entry or performed during ICU stay.

NYHA indicates New York Heart Association; CRP, C reactive protein; NA, not applicable; NS, not significant.

ADAMTS-13 levels and septic syndromes

The levels of ADAMTS-13 were analyzed by groups according
to the presence of a septic process (sepsis, severe sepsis, or septic
shock) or noninfectious SIRS.

Patients with septic syndromes showed significantly lower
levels of ADAMTS-13 compared with those with noninfectious
SIRS. All groups, including noninfectious SIRS, had significantly
lower ADAMTS-13 levels than our healthy reference population
(P <0.001) (Fig. 2).

On the analysis of only septic patients, the more severe the
sepsis was, the lower the ADAMTS-13 levels were. Thus,

patients with severe sepsis or septic shock presented lower
levels, albeit not statistically significant, than did patients
with sepsis (P = 0.086). Similarly, among these patients, but
not in noninfectious SIRS, a significant negative correlation
was found between ADAMTS-13 levels and the APACHE II
score at admission (Table 3).

We also found that, among patients with septic syndromes,
those with fungi as the etiologic agent presented significantly
lower levels of ADAMTS-13 when compared with those
with bacteria or virus or without an isolated etiologic agent
(Table 2).
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TasLe 2. Levels of ADAMTS-13 according to different clinical features

ADAMTS-13
Variables n levels, ng/mL P
Sex
Men 109 77.34 (60.3) 0.137
Women 69 89.75 (53.04)
Need for renal replacement therapy
Yes 23 89.75 (85.1) 0.96
No 155 85 (55.3)
Need for mechanical ventilation
Yes 141 79.65 (62.2) 0.42
No 37 97.66 (45.65)
Need for parenteral nutrition
Yes 37 64.5 (64.3) 0.007
No 141 87.55 (55.3)
Use of corticosteroids in the last month
Yes 24 80.46 (66.1) 0.46
No 154 85.5 (59)
Bacteremia
Yes 19 99.5 (69.6) 0.47
No 159 84.13 (54.73)
Site of infection
Cardiovascular 114.6 0.322
Cutaneous 4 83.76 (21.66)
Digestive 20 82.77 (55.44)
Pulmonary 75 74.2 (61.3)
Central nervous system 7 105 (73)
Urinary 87.77 (63.6)
No infection 51 95.3 (65.04)
Microorganism isolated
No microorganism isolated 79 89.75 (55.84) 0.005
Gram-negative bacilli 51 75.3 (53.2)
Gram-positive bacilli 38 89.6 (44.6)
Fungal infection 46.3 (16.4)
Virus 3 122.34
Parasites
Diagnostic category
Septic shock 76 76.32 (56.98) 0.027
Severe sepsis 14 73 (68.5)
Sepsis 37 102 (64)
Noninfectious SIRS 51 95.03 (65)

Data are expressed as median and IQR. Comparisons were made using
the Mann-Whitney U and Kruskal-Wallis tests. Values presented in bold
are statistically significant.

ADAMTS-13 levels and outcome

Lastly, we analyzed the association between ADAMTS-13
levels and outcomes. ADAMTS-13 levels were negatively
correlated with ASOFA in septic patients: patients with lower
levels at admission progressed to multiorgan dysfunction.

Moreover, patients who died either in the ICU or in the hos-
pital after ICU discharge had significantly lower levels of
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ADAMTS-13 at ICU admission compared with survivors, both in
the whole population or among the septic patients (Fig. 3). The
group of noninfectious SIRS showed a nonsignificant trend.
When logistic regression analysis was performed, reduction in
the levels of ADAMTS-13 were significantly associated with an
increased risk of death in the ICU (odds ratio [OR], 1.02; 95%
confidence interval [CI], 1.002-1.03; P = 0.023) in the whole
population (a decrease of 1 ng/mL in ADAMTS-13 levels was
associated with an estimated 1.5% increase in the risk of death).
This significance was maintained on including other coagulation
parameters (platelets and prothrombin, which were also signifi-
cantly associated with survival, fibrinogen, and activated partial
thromboplastin time, which were not associated with survival).
When only septic patients were analyzed, there was a trend to-
ward statistical significance (OR, 1.01; 95% CI, 0.99-1.02; P =
0.08). In patients with noninfectious SIRS, the analysis was not
significant (OR, 1.06; 95% CI, 0.97-1.16; P = 0.204).

DISCUSSION

In this study, we analyzed and compared ADAMTS-13 levels
in a population of critically ill patients with septic syndromes
(sepsis, severe sepsis, and septic shock) and noninfectious SIRS,
and we assessed their association with different clinical features
and outcome.

ADAMTS-13 levels were lower in patients with septic syn-
dromes compared with those with noninfectious SIRS, and pa-
tients with septic shock or severe sepsis presented lower levels
than did those with sepsis. Furthermore, among septic patients, a
significant negative correlation was found between ADAMTS-13
levels and the APACHE II score at admission.

Finally, ADAMTS-13 levels were associated with the
ASOFA score and mortality, as survivors presented higher levels
at admission.

Our findings are supported by previous data in the literature
(29, 30). In sepsis induced by cecum ligation and puncture in
mice, Lerolle et al. (29) observed that ADAMTS-13 activity
decreased after cecum ligation and puncture but not in sham-
operated mice. However, no relation was found between mor-
tality and ADAMTS-13 activity.

Regarding human studies, recently Hyseni et al. (23) observed
in 275 patients with SIRS (111 [40.4%] had a septic syndrome)
that at admission, levels of ADAMTS-13 were not different be-
tween patients who survived and those who died. On day 3,
however, patients with ADAMTS-13 levels in the highest tertile
showed a fourfold decreased mortality rate compared with pa-
tients with ADAMTS-13 levels in the lowest tertile. Martin et al.
(9) found that patients with sepsis-induced organ failure
presented decreased activity and levels of ADAMTS-13 antigen
when compared with patients with organ failure of noninfectious
origin and control subjects. Moreover, in septic patients (but not
in the noninfected), ADAMTS-13 activity was strongly and
negatively correlated with APACHE-II and survival, as in our
study (9). Fukushima et al. (24) observed that decreased
ADAMTS-13 levels during the first week (days 1, 5, and 7) of
ICU admission in septic patients were correlated with disease
severity scores (APACHE II and maximum SOFA) and outcome.
Other studies have also found a decrease in ADAMTS-13 levels
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TasLE 3. Correlation between ADAMTS-13 levels and different parameters

All patients Septic patients Noninfectious SIRS

Variables at ICU admission Correlation coefficient* P Correlation coefficient* P Correlation coefficient* P
Age —-0.11 0.14 -0.07 0.4 -0.34 0.014
Fibrinogen 0.21 0.004 0.26 0.003 0.26 0.065
Platelet count —0.058 0.44 0.03 0.8 -0.3 0.034
ASOFA score —0.194 0.009 —0.179 0.045 —0.169 0.24
APACHE Il score -0.125 0.1 -0.2 0.03 —-0.23 0.11
Length of ICU stay —0.21 0.006 -0.17 0.055 —0.25 0.07

*Spearman p.
A (Delta calculation) indicates maximum score minus score at admission.

in sepsis, being more pronounced in severe sepsis and septic shock
and in patients with more organ failure, both in adults and in pe-
diatric population (31, 32). However, they did not find a correlation
between ADAMTS-13 and outcome, probably because of differ-
ences in sample size, as these previous studies included less than
40 patients, whereas our study included 127 patients with septic
syndromes (90 with severe sepsis or septic shock).

These results suggest a role of ADAMTS-13 in the patho-
physiology of sepsis. Decreased levels of ADAMTS-13 in septic
patients may have several explanations. One could be the con-
sumption of ADAMTS-13 involved in the proteolysis of UL-
VWEF at the surface of endothelial cells (15), which is supported
by the negative correlation found between the activity of
ADAMTS-13 and VWF Ag in patients with sepsis-induced organ
dysfunction (9). Another mechanism may be a potential inhibi-
tion in the transcription and secretion of ADAMTS-13 induced
by proinflammatory cytokines increased in sepsis such as inter-
leukin 6 (IL-6), IL-4, interferon y, and tumor necrosis factor a (9).
Other studies have shown that ADAMTS-13 could be digested in
vitro by proteases such as thrombin, plasmin, or granulocyte
elastases (33). Finally, sepsis-induced liver dysfunction could be
an additional mechanism for decreasing ADAMTS-13 synthesis.
However, because of the limitations of the study, these explana-
tions are speculative, and they should be interpreted with caution.

Some of these mechanisms can also be shared by noninfectious
SIRS, which may explain the decrease in ADAMTS-13 levels that
we have shown in these patients. However, why they present a
lower reduction compared with the more severe septic syndromes
is not clear. Actually, their levels were similar to those of patients
with only sepsis (although noninfectious SIRS had a higher
APACHE 1I score). Perhaps patients with severe sepsis and septic
shock presented a higher inflammatory response or additional
mechanisms, although we did not explore these issues in our study.

The exact role of ADAMTS-13 in the pathophysiology of
sepsis and its association with outcome remains to be fully
explained. As there is an increase in VWF production in sepsis
(10, 32), it is possible that, as occurs in TTP, decreased
ADAMTS-13 levels result in the persistence of UL-VWF and
consequently the formation of microvascular platelet thrombi in
small arterioles resulting in microvascular ischemia and organ
failure (15, 16), worsening the prognosis. In our study, we found
that septic patients with lower ADAMTS-13 at admission
presented progression in multiorgan failure, as their SOFA score
increased. The fact that VWF production is not as increased and

ADAMTS-13 levels are not as decreased in noninfectious SIRS
could explain why the severity or outcome of these patients is not
so clearly associated with ADAMTS-13 levels. This hypothesis is
reinforced as the ASOFA was not correlated with the levels of
ADAMTS-13 in our noninfectious SIRS patients.

We also found that patients with fungal infection had lower
levels of ADAMTS-13 compared with those with bacterial in-
fections. To the best of our knowledge, there are no data in the
literature that allow the comparison of these data. It is known that
different microbes can induce different inflammatory responses
(34), and this could have different effects on the levels of
ADAMTS-13. However, given the limited sample of these in-
fections (six patients with fungal infection), these data should be
interpreted with caution.

Our study has some limitations. We only analyzed the levels of
ADAMTS-13 at admission. It would be interesting to know their
evolution during ICU stay and their association with outcome as
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Fic. 2. ADAMTS-13 levels according to diagnostic group. ADAMTS-13
levels of control subjects (data from 50 healthy volunteers from the reference
population) and SIRS of infectious and noninfectious origin and sepsis or severe
sepsis—septic shock patients were compared. Patients with septic syndromes
showed significantly lower levels of ADAMTS-13 compared with those with
noninfectious SIRS. All groups, including noninfectious SIRS, had significantly
lower ADAMTS-13 levels than did control subjects. Patients with severe sepsis or
septic shock presented lower levels, albeit not statistically significant, than did
patients with sepsis. HC indicates healthy controls (data from 50 healthy volun-
teers from the reference population); NI-SIRS, noninfectious SIRS; I-SIRS, infec-
tious SIRS; SS, severe sepsis and septic shock. Data are expressed as median
and IQR. Comparisons were made using the Kruskal-Wallis test. *P < 0.001 with
respect to the SIRS patients (infectious or not).
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Fic. 3. ADAMTS-13 levels and outcomes. ADAMTS-13 levels were compared among survivors and nonsurvivors. Patients who died either in the ICU or in the
hospital after ICU discharge had significantly lower levels of ADAMTS-13 at ICU admission compared with survivors, both in the whole population or among the septic
patients. This comparison in the group of noninfectious SIRS showed a nonsignificant trend. Data are expressed as median and IQR. Comparisons were made using the

Kruskal-Wallis test.

in the study by Fukushima et al. (24). Furthermore, we only de-
termined ADAMTS-13 levels, and we did not analyze other
molecules that would have been interesting to evaluate such as
VWEF:Ag, IL-4, IL-6, or tumor necrosis factor a. Therefore, it is
difficult to confirm our physiopathological hypothesis. It has also
to be noted that, although significant, the correlation between
ADAMTS-13 levels and ASOFA score was small, with a corre-
lation coefficient of —0.179, and consequently, the clinical rele-
vance of this result should be interpreted with caution. In
addition, we used as control subjects healthy volunteers. Possibly
age-matched in-hospital controls patients without SIRS would
have been more appropriate. Finally, this study assessed only the
antigen levels of ADAMTS-13 and not its activity. However, it
has been described that there exists a good correlation between
these two measurements in healthy individuals and patients with
sepsis (9, 35), contrarily to TTP patients with anti-ADAMTS-13
autoantibodies who may have high levels of ADAMTS-13 anti-
gen with greatly diminished activity (35).

In conclusion, the levels of ADAMTS-13 are decreased in criti-
cally ill septic patients compared with patients with noninfectious
SIRS and control subjects. Furthermore, these levels are correlated
with illness severity and progression of multiorgan failure in these
septic patients. Decreased ADAMTS-13 levels were associated
with an increased risk of in-ICU mortality in the whole population
and in patients with septic syndromes.
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En la presente Tesis Doctoral hemos evaluado diversos factores genéticos y
moleculares implicados en el fracaso multiorganico y el pronostico en pacientes criticos
con sindromes sépticos (sepsis, sepsis grave o shock séptico): las moléculas de
adhesion, implicadas en la migracion de los PMN al sitio de infeccion; los
polimorfismos genéticos de la MBL2 y de la MASP2, implicados en la
“susceptibilidad genética” a presentar o no sindromes sépticos; el sCDS y sCD6, que
actuan como PRR; y el ADAMTS-13, implicado en las alteraciones hemostaticas de la
sepsis.

La sepsis es la causa mas frecuente de muerte en las UCI no coronarias. Antes de la
aparicion de las UCI actuales, la sepsis grave y el shock séptico se asociaban a una
elevada mortalidad. Afortunadamente, en los ultimos afios se han conseguido avances
importantes en el conocimiento de la epidemiologia y la fisiopatologia de la sepsis que
han permitido mejorias en la supervivencia. Sin embargo, a pesar de los avances en la
formacion, una mejor vigilancia y monitorizacion y un inicio precoz del tratamiento
antiinfeccioso, la mortalidad por sepsis grave / shock séptico se sita todavia entre el
20-30% en la mayoria de las series recientes'*®!>"1%2,

La sepsis es la culminacion de interacciones complejas entre el microorganismo
infeccioso y la respuesta inmune, inflamatoria y de la coagulacion del huésped. En la
presente Tesis Doctoral se ha intentado caracterizar algunos de los actores implicados
en su fisiopatologia y su relacion con el prondstico. Para ello disefiamos cuatro trabajos
en pacientes criticos mayores de 18 afios con el diagnostico de sindrome séptico o SRIS
no infeccioso al ingreso o en las primeras 48 horas del ingreso en la UCI y una duracion
estimada de la estancia mayor de 48 horas. En el primer trabajo (Articulo 1) se analiz6
la expresion y funcion de las moléculas de adhesion en células mononucleares de sangre

periférica y los niveles séricos de moléculas solubles de adhesion endotelial (implicadas
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en la respuesta inmunologica innata) en pacientes con sepsis grave o shock séptico
secundario a neumonia adquirida en la comunidad, con la intencion de valorar su papel
en una entidad particular (la neumonia) causante del sindrome séptico. En el segundo
trabajo (Articulo 2) se evalud la existencia y relevancia funcional de los polimorfismos
genéticos en el gen de la MBL2 y de la MASP2 (también implicadas en la respuesta
inmunolégica innata) en pacientes con SRIS de origen infeccioso o no. En el tercer
trabajo (Articulo 3) se analizaron los niveles de CD5 y CD6 soluble (implicados en la
respuesta inmunoldgica innata y adaptativa) en pacientes con sindromes sépticos y con
SRIS no infeccioso. Finalmente, en el cuarto trabajo (Articulo 4) se evaluaron los
niveles de ADAMTS-13 (implicado en la alteracion de la coagulacion en la sepsis) en
pacientes con SRIS de origen infeccioso o no.

Todos los trabajos incluidos en esta Tesis Doctoral son estudios de cohorte
prospectivos, observacionales y no randomizados realizados en una UCI médica de un
hospital Universitario (Hospital Clinic de Barcelona). Se excluyeron pacientes con una
estancia en la UCI menor de 48 horas, pacientes con infeccion por el virus de la
inmunodeficiencia humana (VIH), pacientes con neoplasias hematologicas, pacientes
con muerte cerebral y aquellos que presentaban una enfermedad fatal e irreversible en
un periodo corto de tiempo o aquellos en los que se decidio limitar el tratamiento de
soporte vital. Los pacientes se siguieron hasta el alta hospitalaria, recogiéndose datos
epidemioldgicos, el lugar primario de la infeccion y escalas de gravedad, incluyendo el
APACHE-II (Acute Physiology and Chronic Health Evaluation II)"**'*, el SAPS-II
(Simplified Acute Physiologic)'> y el SOFA (Sequential Organ Failure Assessment)'™.
Ademas también se calculd el Delta (A) SOFA (SOFA maximo menos SOFA al

156-158

ingreso) . Los estudios fueron aprobados por el Comité de Etica del Hospital Clinic

de Barcelona. Se obtuvo el consentimiento informado de los pacientes o sus familiares
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dentro de las 24h de ingreso en la UCI. Las muestras sanguineas y la informacién
utilizada en los estudios fueron codificadas para preservar la confidencialidad de los
pacientes.

En el primer estudio (Articulo 1) se incluyeron un total de 36 pacientes con sepsis
secundaria a neumonia adquirida en la comunidad (NAC) de los cuales 20 (55,6%)
presentaban sepsis grave y 16 (44,4%) shock séptico. Planteamos este trabajo porque,
como se ha comentado anteriormente, el endotelio vascular juega un papel importante
en la fisiopatologia de la sepsis. La activacion de las células endoteliales tras la
exposicion a LPS, citoquinas, factores de crecimiento y quimioquinas, entre otros,
conduce a un aumento en la rodadura, adhesion y transmigracion de los leucocitos al
tejido lesionado. Las moléculas de adhesion son las responsables de esta adhesion de los
PMN al endotelio. Aunque estas moléculas han sido ampliamente estudiadas en la
sepsis, no hay estudios que hayan evaluado su expresion en pacientes con diferentes
sindromes sépticos secundarios a una causa especifica, como la neumonia adquirida en
la comunidad. Ademaés, y también de forma innovadora, analizamos la funciéon de
adhesion de los monocitos y linfocitos de estos pacientes, antes y tras la estimulacion
con TNF-a y LPS.

En este trabajo se analizé la expresion y funcion de las moléculas de adhesion en
PBMC (VLA-4, LFA-1, Mac-1 y Sialyl Lewis X en linfocitos y monocitos, y MCP-1 en
monocitos) y los niveles séricos de moléculas solubles de adhesion endotelial (sP-
selectina, sE-selectina, sSVCAM-1 y sICAM-1), observando alteraciones que pudiesen
estar asociadas con el pronostico.

Los pacientes sépticos tenian niveles superiores de sVCAM-1, sICAM-1 y sE-
selectina, especialmente aquellos con shock séptico, y menores de sP-

Selectina(comparados con los controles sanos). Ademas, los pacientes con shock
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séptico que fallecieron, tenian unos niveles de sE-Selectina menores que los que
sobrevivieron.

Tanto sE-Selectina, como sVCAM-1 ysICAM-1 han sido ampliamente estudiadas
en sepsis, con resultados que en ocasiones han sido inconsistentes y a veces
contradictorios, probablemente debido a diferencias en las poblaciones de estudio y en
el momento exacto de la enfermedad en el que se analizaron dichas
moléculag?24:274749.57,159-163.

Asi, diversos autores han relacionado los niveles de sE-Selectina, sVCAM-1 y
SICAM-1 con la gravedad de la sepsis, de forma que cuanto mas alto son los niveles,
mas grave es el proceso’ 7 **>>° Sin embargo, Schuetz P y cols.'®, en un estudio de
cohortes de 161 pacientes, hallaron esta relacion para la sE-Selectina pero no para
sVCAM-1 o sICAM-1.

Respecto al prondstico también existen discrepancias en el rol preciso de estas
moléculas de adhesion. Autores como Kayal S y cols.?” en sepsis en general y Knapp S

3 en pacientes con meningitis hallaron que los niveles de sSICAM-leran un

y cols.'
predictor independiente de mortalidad, pero no los de sE-Selectina ni sVCAM-I,
mientras que otros como Cowley y cols.”® han hallado relacién tanto de la sE-Selectina
como de la SICAM-1 con el SDOM Yy la mortalidad. Contrariamente, otros estudios no
han hallado relaciéon o han demostrado la relacion inversa. Briassoulis y cols.'®
demostraron en nifios con sepsis, que los niveles elevados de SICAM-1 se asociaron con
un mejor prondstico y mejores tasas de supervivencia. Takala y cols.'®, en un estudio
con 20 pacientes con SRIS de origen infeccioso y bacteriemia documentada, observaron
que los niveles de sE-Selectina no fueron predictivos de SDOM ni de mortalidad. En un

. . . 24 . .
estudio experimental de sepsis en ratones”, los ratones deficientes para sE-Selectina

presentaban una mayor carga bacteriana y una mayor mortalidad. En nuestro estudio,
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los pacientes con shock séptico que fallecieron tenian también niveles mas bajos de sE-
Selectina. En este sentido, se ha postulado que la sE-Selectina podria limitar las
interacciones leucocito-endotelio tanto por la disminucion de la densidad de la
superficie celular en el endotelio (al ser liberada al suero) como al constituirse como un
inhibidor competitivo intravascular(un “ligando sefuelo”) para los leucocitos
circulantes, reduciendo asi el dafio colateral por la “hiperinflamacién” en el huésped'®®.

Respecto a la expresion de las moléculas de adhesion en PBMC hallamos, en
concordancia con estudios previos’ que los niveles de Sialyl Lewis X eran mas
elevados en los pacientes sépticos respecto a los controles sanos y en los que
presentaron shock séptico respecto a los pacientes con sepsis grave. Ademads, los
pacientes con shock séptico que murieron tenian unos niveles mas elevados que los que
sobrevivieron. Estd descrito que, para facilitar la rodadura de los PMN en las fases
iniciales de la adhesion celular, se requiere la union de la E-Selectina al Sialyl Lewis X.
Sin embargo, Walz y cols.'®” sugirieron que in vivo los niveles elevados de Sialyl Lewis
X podrian tener un efecto inhibitorio (feedback negativo) sobre la adhesion leucocitaria,
con la consecuente alteraciéon en la respuesta inmune del huésped. Asi, tanto la
elevacion de Sialyl Lewis X como los niveles disminuidos de sE-Selectina contribuirian
a la mayor mortalidad en estos pacientes.

En nuestro estudio también hallamos alteraciones interesantes en los niveles de las
integrinas LFA-1 y de VLA-4, de forma que los niveles de éstas en PBMC de pacientes
sépticos fueron mas bajos que en los controles sanos y, entre los pacientes con shock
séptico, también en los que fallecieron. Estudios experimentales animales también han
demostrado que el déficit de LFA-1 y VLA-4 se asocia a un aumento de la

mortalidad™*. Probablemente esto sea debido a que estos pacientes presentan una
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respuesta inmunitaria deficiente, con una disminucion de la adhesion celular y el
consecuente aumento de la mortalidad secundario.

Finalmente, en este primer trabajo evaluamos ex vivo la funcion de adhesion de los
monocitos y linfocitos en estos pacientes antes y tras la estimulacion con TNF-a y
LPS*>10819 " Egtudios previos habjan demostrado que en el flujo sanguineo en
condiciones fisiologicas, la adhesion de los monocitos y linfocitos no se ve afectada con
la administracion de LPS. Sin embargo, durante la sepsis grave y el shock séptico la
reduccion del flujo sanguineo como resultado de la vasodilatacion y el aumento de la
permeabilidad capilar conduce a la adherencia y la acumulacion de monocitos
circulantes estimulados con LPS en las paredes de los vasos sanguineos '®*. De forma
interesante hemos hallado que los pacientes con shock séptico secundario a neumonia
extrahospitalaria presentaron una funcion de adhesion de monocitos y linfocitos
disminuida respecto a los pacientes con sepsis grave y los controles sanos, mejorando
dicha funcién tras la administracion de LPS y TNF-a, aunque sin alcanzar los valores
que presentaron los controles sanos y los que presentaban sepsis grave. Estos datos,
junto con los niveles disminuidos de VLA-4, LFA-1 y sE-Selectina, y los elevados de
Sialyl Lewis X, podrian apoyar la hipotesis de que los pacientes con neumonia y shock
séptico que murieron eran aquellos que presentaban una alteracion de la respuesta
inmune innata.

Este trabajo presenta algunas limitaciones. La principal, el tamafio limitado de la
muestra que puede haber influido en la obtencion de conclusiones mas solidas. Ademas,
nuestro grupo control fueron controles sanos. Hubiese sido probablemente mas
informativo un grupo control de pacientes con sepsis grave / shock séptico de otro

origen o incluso a pacientes con NAC sin sepsis grave / shock séptico.
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A pesar de las limitaciones, este trabajo evalua por primera vez la expresion de las
moléculas de adhesion en pacientes con diferentes sindromes sépticos secundarios a una
causa especifica, como la NAC. Ademas, y también de forma innovadora, analizamos la
funcion de adhesion de los monocitos y linfocitos de estos pacientes, antes y tras la
estimulacion con TNF-a y LPS.

En el segundo articulo de esta Tesis Doctoral (Articulo 2) investigamos si los SNP
de la MBL2 se asociaban con un incremento del riesgo para el desarrollo de formas
graves de sepsis (sepsis grave o shock séptico), de SDOM o de muerte en pacientes con
sepsis. La razon por la que se realizd este trabajo fue que, a pesar de que los
polimorfismos de la MBL2 y de la MASP2 pueden representar un punto importante
para la comprension del desarrollo de la sepsis y la susceptibilidad a las infecciones
debido a su papel en la activacion del complemento, la cascada de la coagulacion y la
respuesta inflamatoria sistémica, los estudios hasta la fecha habian mostrado resultados
controvertidos.

En este estudio se incluyeron un total de 243 pacientes, de los cuales 60 (24,7%)
cumplian criterios de SRIS no infecciosa, 54 (22,2%) presentaron sepsis, 28 (11,5%)
sepsis grave y 101 (41,5%) shock séptico. Ademas, los pacientes incluidos en el estudio
fueron comparados con 104 controles sanos. Se realizé el genotipado de MBL2 en 216
pacientes (88,8% de los pacientes incluidos) y el de MASP2 en 240 pacientes (98,7%).
El genotipado de MBL2 y MASP?2 se realizé también en todos los controles sanos.

El desequilibrio de ligamiento que producen los SNP en el exon 1 y en la region
promotora del gen de la MBL2 da lugar a 7 haplotipos (HUPA, LYQA, LYPA, LXPA,
LYPB, LYQC y HYPD). El haplotipo HY induce altas concentraciones de MBL,
mientras que las mutaciones del exén 1 (variantes O) y los haplotipos LX inducen

concentraciones de MBL disminuidas’>. Por lo tanto el anélisis del exén 1 y la region
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promotora del gen de la MBL2 permite la categorizaciéon de los individuos en tres
grupos de acuerdo a su genotipo. El grupo I incluye los genotipos de la MBL2
responsables de niveles elevados de MBL (A/A y A/XA), el grupo II incluye genotipos
responsables de niveles intermedios de MBL (A/S y XA/XA), y por ultimo el grupo III
incluye genotipos que determinan niveles bajos de MBL (O/S y XA/O)"". Los genotipos
de la MASP?2 se dividieron en genotipo mutante (Asp105Gly) y el genotipo wild type.
En nuestro estudio no existian diferencias en la frecuencia de los diferentes
genotipos de MBL2 entre pacientes y controles sanos, siendo el haplotipo LYPB el mas
frecuente. La prevalencia de genotipos de baja expresion de MBL hallada en nuestro
estudio fue similar a la observada en otros estudios *'°*!" y el haplotipo LYPB fue
también el mas frecuente en concordancia con otros estudios en poblacion
caucasica®'”!. Sin embargo, otros trabajos si han mostrado una mayor prevalencia de
genotipos de baja expresion de MBL en pacientes con sepsis ingresados en la UCI*#*>%®
que en controles sanos. Por el contrario, hallamos que los pacientes con sindromes
sépticos presentaban una mayor frecuencia del genotipo de baja expresion de MBL
(Grupo 1II) respecto a los pacientes con SRIS de origen no infeccioso (15,9% vs 3,8%
respectivamente, p=0,025) y menor del genotipo de alta expresion (Grupo 1) (43,9% vs
63,4%, p=0,014). Creemos que estas diferencias pueden ser debidas, al menos en parte,
a la existencia de diferentes mecanismos fisiopatologicos subyacentes en el SRIS
infeccioso y no infeccioso. Nuestro trabajo sugiere que los pacientes con un insulto no
infeccioso y un genotipo de alta expresion de MBL tienen un riesgo mas elevado de
presentar SRIS y requerir ingreso en UCI sin comportar un aumento del riesgo de
complicaciones infecciosas. Niveles elevados de MBL podrian estar asociados
directamente con los efectos adversos de un exceso de respuesta proinflamatoria y una

activacion incontrolada de la via del complemento, tal y como se ha demostrado en
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modelos animales, en los quela produccion excesiva de MBL o su administracion
exogena tras isquemia de organos (corazon, rifion, intestino...) produce lesion de
reperfusion debido a una activacion excesiva del complemento, mientras que los niveles
bajos de MBL son protectores' >'’*. Una de las caracteristicas de la reperfusién en los
tejidos isquémicos es el estrés oxidativo que se produce a nivel del endotelio que
provoca lesion vascular. Se ha sugerido que la via de las lectinas inicia la activacion del
complemento tras la aparicion del estrés oxidativo, en particular después de un infarto
miocardico, intestinal o del musculo esquelético, induciendo lesién por reperfusion, al
menos en modelos experimentales'””. Adicionalmente se sabe que la MBL reconoce las
células apoptoticas y necroéticas, las cuales también podrian actuar de trigger para la
activacion del complemento a través de la via de la lectina en pacientes con SRIS no

L7177 De hecho, en ratones con un

infeccioso y genotipo de alta expresion de MB
defecto en la MBL se ha demostrado una alteracion en el aclaramiento de células
apoptoticas' *. Desafortunadamente, en nuestro estudio no medimos los niveles de
inflamacién ni la activacion del complemento, por lo que no podemos demostrar este
aumento de activacion que podria explicar nuestros resultados en pacientes con
genotipo de alta expresion de MBL y SRIS no infeccioso.

Por otro lado, aunque aquellos pacientes con SRIS no infeccioso del Grupo I tenian
un APACHE-II, SOFA y SAPS-II mas elevado al ingreso que los pacientes con un
genotipo de baja expresion de MBL (Grupo III), ni la presencia del genotipo de baja
expresion de MBL o de los heterocigotos para el SNP Aspl05Gly de la MASP2 se
relaciond con la mortalidad en estos pacientes o en los sépticos. La relacion entre la

mortalidad y la presencia de genotipos de baja expresion de MBL o de diferentes

polimorfismos de la MBL2 contintia siendo motivo de controversia, con estudios que
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82,83,98,104

apoyan esta asociacion , mientras que otros como el nuestro no hallan relacion

con la mortalidad®**.

Por ultimo, tampoco se hallaron diferencias en la frecuencia de heterocigotos de
SNP de MASP2 (Asp105Gly) ni tuvo impacto en el prondstico en pacientes con SRIS.
A este respecto, y de la misma manera que con los polimorfismos de la MBL2, la
presencia de la mutacion Aspl105Gly SNP contintia siendo motivo de controversia, con
estudios en los que se demuestra una asociacioén con la gravedad y el prondstico de la
sepsis® y otros en los que no se halla tal relacién'**'*'°,

Resumiendo, este estudio mostré que el genotipo de baja expresion de MBL estaba
infrarrepresentado en los pacientes con SRIS no infeccioso pero que no se asocié con
mayor gravedad ni con la mortalidad. El genotipo de alta expresiéon de MBL parece ser
por tanto un factor de riesgo para desarrollar SRIS no infeccioso. La presencia de
polimorfismos de la MASP2 no se relaciond con el SRIS infeccioso y tampoco tuvo
impacto en el prondstico en pacientes con SRIS.

La limitacion mas relevante de este segundo trabajo probablemente es el hecho de
utilizar controles sanos no emparejados como grupo control. Se ha descrito que el uso
de donantes de sangre sanos como grupo control (que se utiliza de forma frecuente en
estudios genéticos) tiene un riesgo potencial de errores de clasificacion de los
individuos, particularmente cuando se evaliia una condicion con alta penetrancia como
la deficiencia de MBL. En segundo lugar, debido al disefio retrospectivo del estudio, no
se realizd un célculo del poder estadistico, lo que podria afectar su capacidad para
detectar pequefias diferencias, sobretodo en el andlisis de los diferentes subgrupos de
pacientes con SRIS.

A pesar de las limitaciones descritas, la importancia de este trabajo radica en que se

confirma que los pacientes con un insulto no infeccioso y genotipo de alta expresion de
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MBL presentan un mayor riesgo de desarrollar SRIS y de requerir ingreso en UCI y que
la presencia de genotipo de baja expresion de MBL y/o de heterocigotos de la MASP-2
no se relacionaron con la mortalidad.

En el tercer articulo de esta Tesis Doctoral (Articulo 3) evaluamos los niveles de
CD5 y CD6 solubles en pacientes criticos con SRIS no infeccioso o sindromes sépticos
y su relacién con diferentes variables clinicas y el prondstico. En este estudio se
incluyeron un total de 218 pacientes de los cuales 59 (27,1%) cumplian criterios de
SRIS no infeccioso, 51 (23,42%) presentaron sepsis, 25 (11,55%) sepsis grave y 83
(38%) shock séptico.

Los principales hallazgos fueron que los niveles de CD6 soluble (sCD6) se
asociaron con un incremento en la mortalidad y que tanto el sCD6 como el CDS5 soluble
(sCD5) tuvieron una correlacion con la evolucion a SDOM medida por el ASOFA.
Ademas los pacientes con niveles de sCD5 y sCD6 mayores de 1.500ng/mL presentaron
una mayor mortalidad intra-UCI.

Las formas solubles de CD5 y CD6 actiian como PRR de componentes de la pared
celular de los patogenos, predominantemente bacterias en el caso de sCD6''*'* y
hongos en el caso de sCD5'*®. Estudios experimentales han demostrado que el sSCD5 y
sCD6 son objetivos potenciales en el tratamiento de la sepsis. En un modelo de sepsis
murino mediante la administracion de LPS intraperitoneal, la administracion profilactica
de sCD6 recombinante (rsCD6) indujo una reduccidon significativa en plasma de
citoquinas proinflamatorias, un aumento significativo de citoquinas antiinflamatorias y

una mejoria significativa en la tasa de supervivencia respecto a los controles''*!*. D

e
manera similar, la administracion de sCD5 recombinante (rsCDS5) en un modelo animal

de sepsis de origen fungico inducido por la administracion intraperitoneal de zymosan

indujo una disminucién de los niveles plasmaticos de citoquinas proinflamatorias y un
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aumento en la supervivencia respecto a los controles'?®

. Nos planteamos este estudio

porque hasta el momento no se habia evaluado en humanos el papel del sCD5 y sCD6

en la sepsis, pudiendo ser relevante como potencial diana terapéutica.

El primer resultado a destacar fue la gran variabilidad en los valores de estas

moléculas entre los pacientes, existiendo una alta proporcion de indetectabilidad
(Figura 6).

Figura 6. Distribucion de los niveles séricos sCD5 y sCD6 en la poblacion estudiada
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* La linea gris representa la mediana

Asi, los niveles de sCDS5 presentaron una mediana de 10 ng/mL (rango 0 - 27.860)

y los de sCD6 de 8,5 ng/mL(rango 0 — 4.499). Ademas, casi la mitad de los pacientes
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presentaron niveles indetectables de sCD5 (49,1%) y de sCD6 (45,4%). Esta proporcion
es similar a la descrita en estudios previos de nuestro grupo en pacientes con sindrome
de Sjdgren y también en controles sanos'”. En este sentido, no hallamos diferencias
demograficas, clinicas o biologicas entre los pacientes con niveles detectables o
indetectables. Creemos que debe estar implicado algin factor genético que explique esta
diversidad, aunque la ausencia de estudios previos en pacientes sépticos con los que
comparar limitan las potenciales hipdtesis. Cabe comentar asi mismo que existia una
correlacion positiva entre los niveles de sCDS5 y sCD6 (= 0,6, p=0,01).

Los pacientes incluidos, sépticos o con SRIS no infeccioso, presentaron niveles mas
elevados de sCD5 y sCD6 que los controles sanos. Sin embargo, no encontramos
diferencias en dichos niveles entre pacientes con SRIS no infeccioso y sindromes
sépticos, lo que podria sugerir que el aumento de los niveles de sCD5 y sCD6 se debe
mas a una respuesta inflamatoria que a una respuesta a la infeccion propiamente dicha.

Diversos datos obtenidos en este trabajo sugieren un papel de estas moléculas en la
fisiopatologia de la sepsis y su evolucion a SDOM, y por tanto riesgo de mortalidad. Por
un lado, los niveles de sCD5 y sCD6 (este ultimo no significativo pero con una marcada
tendencia) se correlacionaron de forma positiva con el ASOFA. Hay evidencia cientifica
que indica que el ASOFA se asocia con el pron6stico incluso mejor que el SOFA solo al

. 157,180
Ingreso

, con lo que pacientes con niveles elevados de sCD5 y sCD6 presentarian
un mayor riesgo de aumento de su grado de SDOM independientemente del SOFA al
ingreso. Por otro lado, el analisis de Regresion Logistica evidencid que los niveles
elevados de sCD6 (no los de sCDS5) se asociaron con un aumento del riesgo de
mortalidad. Es cierto que la relevancia clinica de estos resultados debe interpretarse con

cautela, dada la pequenia magnitud de los valores obtenidos (OR, 1,001; 95% IC, 1,000-

1,001; P=0,007). Finalmente, al estratificar a los pacientes en funcion de los niveles de
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sCD5 y sCD6 en dos grupos (mayor o menor de 1.500ng/mL) observamos que los
pacientes con niveles mayores de 1.500ng/mL presentaron una mayor mortalidad intra-
UCI tanto con sCD5 (13,1% vs 41,7%, P< 0,05) como con sCD6 (13% vs 66,67%,
P<0,05). La proporcidon de pacientes que tenian estos niveles tan elevados fue pequefia
(5,5% y 2,8% para sCDS5 y sCD6 respectivamente), pero la asociacion con la mortalidad
de estos pacientes fue muy elevada.

Nuestros resultados parecerian ser contradictorios con los datos experimentales
previos'*!">12% "donde la administracion exégena de rsCD6 mejoraba la supervivencia
en modelos experimentales de sepsis en ratones. Sin embargo, existen algunas
diferencias que pueden explicar esta controversia. En primer lugar, la dosis que se
administr6 a los animales con sepsis de rsCD6 dio como resultados niveles séricos de
sCD6 muy por encima (en rango de micromoles/L) de los niveles fisioldgicos o incluso
los hallados en condiciones de sepsis (rango picomoles-nanomoles/L). En segundo
lugar, el rsCD6 fue administrado a los animales antes del insulto séptico, mientras que
nosotros medimos los niveles de sCD6 una vez la sepsis ya estaba establecida. Si
valores muy elevados de estas moléculas y de aparicion precoz pudieran ser
beneficiosos es algo que se podria especular, aunque no existen datos clinicos en
humanos que lo demuestren.

La asociacion hallada entre los niveles aumentados de sCD6 y la mortalidad intra-
UCI podria, en nuestra opinion, explicarse por dos motivos. Por un lado, nuestros datos
in vitro y los datos de otros trabajos previos indican que el sCD6 (y el sCDS5) pueden ser
el resultado de la escision proteolitica de la forma unida de CDS y CD6 a la membrana

después de la activacion de los linfocitos T policlonales''™'®!

. Esta proteolisis, con el
consecuente aumento de los niveles de sCD5 y sCD6, podria entonces inhibir

selectivamente la proliferacion de células T (feedback negativo)''*. Se podria plantear la
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hipotesis de que éste es un mecanismo de control del huésped para evitar la
“hiperinflamacion”, y que un exceso de esta contrarregulacion de las células T podria
conducir a un estado ‘“hipoinflamatorio” responsable del incremento de la
mortalidad®'**'®. Por otro lado, los niveles elevados de sCD5 y sCD6 que hemos
hallado en humanos podrian no ser una respuesta adaptativa sino una consecuencia de la
apoptosis generalizada que puede suceder durante la fase aguda de la enfermedad, de
forma que estos niveles aumentarian por la muerte celular programa de los linfocitos. A
favor de esta hipotesis, los pacientes con shock séptico tenian niveles mas bajos de
linfocitos circulantes que el resto de pacientes. Sin embargo, no hallamos correlacion
entre los niveles de sSCD5 y sCD6 y los linfocitos circulantes.

De forma interesante, solo los niveles de sCD6 se asociaron con la mortalidad.
Aunque ambas moléculas pueden liberarse cuando se activan las c€lulas T, parece ser
que el sCD6 se relaciona mas con las infecciones bacterianas, mientras que el sCD5 esté
mas relacionado con las infecciones fungicas. La mayoria de nuestros pacientes
presentaron infecciones de origen bacteriano, lo que podria explicar estos hallazgos.

Resumiendo, los niveles de sCD5 y sCD6 en pacientes criticos con SRIS presentan
una elevada variacion y una elevada proporcion de indetectabilidad. Los niveles de
sCD6, pero no los de sCDS5, estan asociados con aumento del riesgo de muerte en
pacientes criticos con SRIS de causa infecciosa o no.

En el ultimo articulo de esta Tesis Doctoral (Articulo 4) investigamos los niveles
de ADAMTS-13 también en pacientes criticos con sindrome séptico o SRIS no
infeccioso y su relacion con diferentes variables clinicas y el prondstico.

Planteamos este trabajo porque dentro del papel relevante que juega el endotelio en
la fisiopatologia de la sepsis, existe un estado procoagulante que se asocia con lesion

microvascular generalizada y trombosis secundario a la activacion de las células
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endoteliales. En este proceso, el ADAMTS-13 podria ser importante, pues su
disminucién resulta en la persistencia en la circulacion de UL-vWF, responsables de la
formacion de trombos plaquetarios en la microcirculacién. Recientemente, algunos
estudios han demostrado una disminucion de la actividad o de los niveles de antigeno de
ADAMTS-13 en la sepsis"""'*'*®. Sin embargo, a pesar de estos estudios, el patron de
los niveles de ADAMTS-13 en los sindromes sépticos (sepsis, sepsis grave y shock
séptico) y sus diferencias con otras causas de SRIS de origen no infeccioso en pacientes
criticos no habia sido todavia evaluado.

En este estudio se incluyeron un total de 178 pacientes, de los cuales 51 (28,6%)
cumplian criterios de SRIS no infecciosa, 37 (20,8%) presentaron sepsis, 14 (7,9%)
sepsis grave y 76 (42,7%) shock séptico.

Los pacientes con sindromes sépticos presentaron niveles mas bajos de ADAMTS-
13 que los pacientes con SRIS no infeccioso, siendo ademés mas bajos en los pacientes
con sepsis grave o shock séptico que en los pacientes con sepsis. Estos hallazgos son
similares a los descritos previamente en la literatura'>"'**1**1% Esta disminucion de los
niveles de ADAMTS-13 en la sepsis puede tener varias explicaciones. La primera
podria ser por el consumo del ADAMTS-13 involucrado en la proteolisis de los UL-
vWF en la superficie de las células endoteliales'*®, avalado por la correlaciéon negativa
encontrada entre la actividad del ADAMTS-13 y el antigeno del vWF en pacientes con
fracaso organico inducido por sepsis'*’. Otro mecanismo que explicaria la disminucion
del ADAMTS-13 en la sepsis seria por una potencial inhibicidén en la transcripcion y
secrecion de ADAMTS-13 inducida por las citoquinas proinflamatorias aumentadas en
la sepsis como la IL-6, IL-4, IFN-y y TNF-a tal y como describen Martin y cols.'"’.
Otros estudios han sugerido que el ADAMTS-13 puede ser digerido in vitro por

proteasas como la trombina, plasmina o elastasas granulocitarias'®’. Finalmente, la
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disfuncidn hepatica que puede asociarse a la sepsis podria ser otro mecanismo adicional
que disminuiria los niveles de ADAMTS-13. Algunos de estos mecanismos pueden ser
compartidos por el SRIS, lo que explicaria la disminucion de los niveles de ADAMTS-
13 en pacientes con SRIS no infeccioso. Sin embargo, el porqué estos pacientes
presentan una reduccion menor que los pacientes con sindromes sépticos no esta claro.
En realidad, en nuestro estudio los niveles de ADAMTS-13 en pacientes con SRIS no
infeccioso fueron similares a los niveles de ADAMTS-13 en los pacientes con sepsis
(no grave ni shock séptico), aunque los pacientes con SRIS no infeccioso tenian
puntuacion en el APACHE-II mas elevada que los pacientes con sepsis. Es posible que
los pacientes con sepsis grave o shock séptico presentasen una mayor respuesta
inflamatoria u otros mecanismos adicionales que disminuyeran los niveles de
ADAMTS-13.

Los pacientes con sindromes sépticos presentaban una correlacion negativa entre
los niveles de ADAMTS-13 y el APACHE-II (a mayor puntuacion en el APACHE-II,
niveles mas bajos de ADAMTS-13) y el ASOFA (a mayor ASOFA (mas progresion a
SDOM) niveles mas bajos de ADAMTS-13). Ademas, los pacientes que fallecieron, de
cualquier grupo, tenian unos niveles de ADAMTS-13 mas bajos que los que
sobrevivieron, asociandose la disminuciéon de los niveles de ADAMTS-13 con un
aumento de riesgo de muerte en la UCI en el analisis de regresion logistica(OR 1,02;
95% IC; 1,002-1,03; p= 0,023), de modo que un descenso de 1ng/mL de los niveles de
ADAMTS-13 se asocid con un incremento estimado del riesgo de muerte del 1,5%.

El papel exacto del ADAMTS-13 en la fisiopatologia de la sepsis y su asociacién
con el prondstico no estd todavia plenamente explicado. En la sepsis existe un aumento

27,133

en la producciéon del vWF , ¥ es posible, tal y como ocurre en la PTT, que los

niveles disminuidos de ADAMTS-13 resulten en la persistencia de UL-vWF, con la
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consecuente formacion de trombos plaquetarios en las pequenas arteriolas produciendo

isquemia microvascular y disfuncién organica'*®'*’

, empeorando el pronostico. La
correlacion negativa del ASOFA (y por tanto de la progresion a SDOM) con los niveles
de ADAMTS-13 al ingreso en la UCI apoya esta hipdtesis. En este sentido, el hecho de
que en el SRIS no infeccioso la produccion de vWF no sea tan elevada y que los niveles
de ADAMTS-13 no sean tan bajos como en la sepsis, podria explicar por qué la
gravedad y el pronodstico de estos pacientes no estdn claramente asociadas con los
niveles de ADAMTS-13. De hecho, no existid correlacion entre los niveles de
ADAMTS-13 y el ASOFA en los pacientes con SRIS no infeccioso.

Este estudio tiene algunas limitaciones. En primer lugar, s6lo analizamos los
niveles de ADAMTS-13 al ingreso en la UCI. Hubiera sido interesante conocer su
evolucion durante la estancia en la UCI y su asociacion con el pronostico, tal y como

realizaron en el estudio de Fukushima y cols.'*®

, demostrando que los niveles
disminuidos de ADAMTS-13 durante la primera semana de ingreso (dias 1, 5y 7) se
correlacionaron con el APACHE-II y el SOFA maximo y con el pronodstico. Ademas,
solo determinamos los niveles de ADAMTS-13 y no analizamos otras moléculas
implicadas en la fisiopatologia de la sepsis y relacionadas con su funcion como el
antigeno del vWF, IL-4, IL-6 o el TNF-a. Por lo tanto, es dificil confirmar nuestra
hipotesis fisiopatologica. En tercer lugar, hemos de destacar que, aunque significativa,
la correlacion hallada entre los niveles de ADAMTS-13 y el ASOFA es pequeiia, con un
coeficiente de correlacion de -0,179, y en consecuencia la relevancia clinica de este
resultado debe interpretarse con cautela. Por otro lado, y de la misma manera que en los
estudios previos, utilizamos como controles a voluntarios sanos. Posiblemente hubiera

sido mas apropiado usar pacientes hospitalizados sin SRIS emparejados por edad como

controles. Por ultimo, este trabajo evalu6 solamente los niveles de antigeno de
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ADAMTS-13 y no su actividad. Cabe decir, sin embargo, que se ha descrito una buena
correlacion entre la actividad del ADAMTS-13 y los niveles de antigeno en individuos
sanos y en pacientes con sepsis, al contrario que sucede en pacientes con PTT, en los
que los pacientes pueden presentar niveles altos de antigeno de ADAMTS-13 con una
actividad muy disminuida'®.

Resumiendo, los niveles de ADAMTS-13 estdn disminuidos en los pacientes
criticos con sindromes sépticos comparados con los pacientes con SRIS no infeccioso y
con los controles sanos. Estos niveles se correlacionaron con la gravedad de la
enfermedad y la progresion a fracaso multiorganico en los pacientes sépticos y con un

incremento del riesgo de muerte en todos los pacientes (sindromes sépticos y SRIS no

infeccioso).

Los cuatro trabajos que constituyen la presente Tesis Doctoral adolecen de algunas
debilidades comunes a todos los estudios observacionales, como por ejemplo que fueron
realizados en una sola institucion con un numero limitado de participantes, lo cual
reduce la potencia para detectar diferencias significativas. Ademas, con independencia
de los métodos analiticos utilizados, teniendo en cuenta que son estudios
observacionales, persisten las dificultades para establecer relaciones causales, y que
puede haber limitaciones al tratar de aplicar los resultados a otros escenarios. Sin
embargo su fuerza reside en el caracter prospectivo de los estudios, que han posibilitado
una asignacion exacta a cada grupo diagnostico en los cuatro trabajos.

Creemos que los hallazgos en los cuatro estudios presentados son de importancia,
pues, de confirmarse, ayudan a mejorar en el conocimiento de la fisiopatologia de la
sepsis y podrian permitir una mejor estratificacion de los pacientes en riesgo, facilitando

una optimizacién de los recursos destinados a los pacientes mas graves. Ademas, en el
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caso del ADAMTS-13 y sCD5 y sCD6, los trabajos demuestran que, aunque todavia

estamos lejos de ello, pueden ser potenciales dianas terapéuticas.

A modo de corolario de esta Tesis Doctoral, debemos destacar que la fisiopatologia
de la sepsis es un proceso complejo resultado de la interaccion entre el microorganismo
infeccioso y la respuesta inmune, inflamatoria y de la coagulacién del huésped. La
respuesta a la infeccion en cualquier paciente dependera del patdégeno causante (indculo
y virulencia) y del huésped (caracteristicas genéticas, comorbilidad, etc.), con respuestas
diferentes a nivel local, regional y sistémico, y con multiples factores implicados. Entre
los diferentes actores y sistemas implicados en la fisiopatologia de la sepsis y su
evolucion a sepsis grave / shock séptico y fracaso multiorganico, dos especialmente
relevantes son el sistema inmunitario, con sus respuestas innata y adaptativa, y el
sistema hemostatico de la coagulacion, como hemos mostrado con los cuatro trabajos
expuestos en esta Tesis Doctoral.

Sin embargo, es importante destacar que todavia hay muchos aspectos de la
fisiopatologia de la sepsis que se desconocen o no se han explicado adecuadamente.
Esto es debido a varios motivos, como una probable mala seleccion de los pacientes en
la elaboracion de los estudios publicados, ya que en la mayoria de éstos se incluyen
pacientes solo con criterios clinicos de sepsis —fiebre, leucocitosis, taquipnea o
taquicardia- junto con pacientes con sepsis documentada por gérmenes Gram negativos
y/o Gram positivos, obviando que en funcién del tipo de infeccidn la respuesta inmuno-
inflamatoria puede ser diferente. Otro de los motivos podria ser el momento de la
seleccion de los pacientes, ya que la fisiopatologia de la sepsis es un proceso dindmico y
en funcién del momento de seleccion de los sujetos del estudio pueden predominar los

efectos inflamatorios o los antiinflamatorios.
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En este sentido y en relacion a los resultados obtenidos en los estudios presentados
en esta Tesis Doctoral, la siguiente etapa a realizar para corroborar los hallazgos
obtenidos, e incluso en el caso del ADAMTS-13 y el sCD5 y el sCD6 utilizarlos como
estrategias terapéuticas en los sindromes sépticos, es realizar ensayos clinicos
aleatorizados y multicéntricos que permitiran homogeneizar los pacientes y aumentar la

muestra para obtener resultados mas concluyentes.
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Los pacientes criticos con sepsis grave o shock séptico secundario a neumonia
adquirida en la comunidad presentan alteraciones en los niveles y en la funcion
de las moléculas de adhesion leucocitarias y endoteliales, y estas alteraciones
parecen estar asociadas con el prondstico.

Los genotipos de baja expresion de la Lectina fijadora de Manosa estan
infrarrepresentados en pacientes con Sindrome de Respuesta Inflamatoria
Sistémica de origen no infeccioso, pero no se asocian con la gravedad ni con la
mortalidad.

El genotipo de alta expresion de la Lectina fijadora de Manosa parece ser un
factor de riesgo para desarrollar Sindrome de Respuesta Inflamatoria Sistémica
no infeccioso.

Los niveles de CD5 soluble y CD6 soluble en pacientes criticos con Sindrome
de Respuesta Inflamatoria Sistémica presentan una elevada variacion y una
elevada proporcion de indetectabilidad.

Los niveles de CD6 soluble, pero no los de CDS5 soluble, estan asociados con un
aumento del riesgo de muerte en pacientes con Sindrome de Respuesta
Inflamatoria Sistémica de origen infeccioso o no.

Los niveles de ADAMTS-13 estan disminuidos en los pacientes criticos con
sindromes sépticos comparados con los pacientes con Sindrome de Respuesta
Inflamatoria Sistémica de origen no infeccioso y con los controles sanos.

Estos niveles se correlacionan con la gravedad de la enfermedad y la progresion
a sindrome de disfuncién organica multiple en los pacientes sépticos.

Los niveles de ADAMTS-13 se asocian con un incremento del riesgo de muerte
en las Unidades de Cuidados Intensivos en los pacientes con Sindrome de

Respuesta Inflamatoria Sistémica, de origen infeccioso o no.
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