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CHAPTER 2 

Amino acid composition of 1 / 2  domains 
and cy toplasmic tail of M H C  class I mole cu le s 

de te rmine  th e ir  su sce ptib ility  to 
H C M V  U S 1 1 -me diate d dow n-r e g u lation 

Eur. J. Immunol. 33: p1707-1716 (2003)
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Martine T. Barel,* Nathalie Pizzato,† Daphne van Leeuwen,* Philippe Le Bouteiller,† Emmanuel J. H. J. Wiertz,* 
F ranc ois e Lenfant† 

*Department of Medical Microbiology, Leiden University Medical Center, P.O. box 9600, 2300 RC Leiden, The 
N etherlands. † Inserm U 5 63, CPTP, H ô pital Pu rpan, 31 05 9 Tou lou se cedex 3, F rance. 

D u r ing  co-e v olu tion w ith  its h ost, h u man cy tome g alov ir u s h as acq u ir e d mu ltiple  de fe nse  me ch anisms to 
e scape  from immu ne  r e cog nition. In th is stu dy , w e  focu se d on U S 1 1  th at b inds to M H C  class I h e av y  
ch ains and me diate s th e ir  dislocation to th e  cy tosol and su b se q u e nt de g radation b y  prote asome s. T o 
e x amine  w h ich  domains of class I h e av y  ch ains ar e  inv olv e d in th is proce ss, w e  constr u cte d ch ime r ic 
H L A mole cu le s of U S 1 1 - se nsitiv e  and - inse nsitiv e  class I mole cu le s (H L A-A2  and H L A-G , r e spe ctiv e ly ). 
P u lse  ch ase  e x pe r ime nts w e r e  pe r forme d to e v alu ate  prote in stab ility  and inte ractions b e tw e e n class I 
h e av y  ch ains and U S 1 1 . F low  cy tome tr y  w as e mploy e d to asse ss th e  e ffe ct of U S 1 1  on su r face  

e x pr e ssion of th e  diffe r e nt ch ime ras. O u r  r e su lts indicate  th at th e  1  and 2  domains of H L A mole cu le s 
ar e  important for  th e  affinity  of U S 1 1  association. H ow e v e r , th e  de g radation e fficie ncy  se e ms to r e ly  
mostly  on cy tosolic tail r e sidu e s. W e  fou nd th at th e  nonclassical H L A-G  mole cu le  is inse nsitiv e  to U S 1 1 -
me diate d de g radation sole ly  b e cau se  it lack s e sse ntial tail r e sidu e s. A de le tion of th e  last tw o tail 
r e sidu e s in fu ll le ng th  class I alr e ady  cau se d a se v e r e  r e du ction in de g radation e fficie ncy . Altog e th e r , 
ou r  data prov ide  ne w  insig h ts into th e  me ch anism b y  w h ich  U S 1 1  dow nr e g u late s M H C  class I mole cu le s.

Human c y tomeg alovirus  (HC MV ) is  a -herpes virus  
that c aus es  s erious  d is eas e and  hig h mortality  rates  in 
immunoc ompromis ed  pers ons , s uc h as  A IDS  patients  
and  org an trans plant rec ipients . Bes id es  this , HC MV  
is  a notorious  ris k  fac tor for c ong enital d is ord ers  if the 
mother und erg oes  primary  infec tion d uring  preg nanc y .
In immunoc ompetent hos ts , HC MV  infec tion g enerally  
g ives  b enig n b ut lifelong  infec tions .

The hos t immune s y s tem is  elud ed  b y  HC MV  throug h 
a variety  of d efens e mec hanis ms  that it ac q uired  while 
c o-evolving  with its  hos t. A ntig en pres enting  MHC  
c las s  I molec ules , whic h play  a c entral role in 
d etec tion and  elimination of infec ted  c ells  b y  C D8 +  T 
c ells  and  NK  c ells , repres ent a major targ et for viral 
evas ion s trateg ies . C ell s urfac e ex pres s ion of MHC  
c las s  I molec ules  is  affec ted  b y  the c onc erted  ac tion 
of a s et of proteins  enc od ed  within the uniq ue s hort 
(U S ) reg ion of the HC MV  g enome that are ex pres s ed  
along  the d ifferent s tag es  of viral infec tion. U S 3  is  the 
firs t to b e s y nthes ized  and  prevents  traffic k ing  of 
newly  s y nthes ized  MHC  c las s  I molec ules  b y  
entrapping  them in the ER  [1 ]. Nex t, U S 2  and  U S 1 1  
c ome into play  and  ind uc e proteoly tic  d eg rad ation of 
MHC  c las s  I molec ules . Immed iately  after their 
s y nthes is  and  trans loc ation into the ER , c las s  I heavy  
c hains  are trans ported  b ac k  into the c y tos ol where 
they  are d eprived  of their N-link ed  g ly c an and  
s ub s eq uently  d eg rad ed  b y  proteas omes  [2 , 3 ]. A t 

early  and  late times  pos t infec tion, U S 6  prevents  
peptid e load ing  of MHC  c las s  I molec ules  b y  b loc k ing  
the Trans porter as s oc iated  with A ntig en Proc es s ing  
(TA P) [4 , 5 ]. R ec ently , another U S -enc od ed  g ene, 
U S 1 0 , has  b een reported  to d elay  maturation of MHC  
c las s  I molec ules  [6 ].  

By  d ownreg ulating  s urfac e ex pres s ion of MHC  c las s  I 
molec ules , HC MV  infec ted  c ells  may  b ec ome a targ et 
for NK  c ells  [7 ]. S everal mec hanis ms  have b een 
d es c rib ed  b y  whic h HC MV  c an s id etrac k  NK  c ells , 
inc lud ing  b loc k ing  ex pres s ion of lig and s  that ac tivate 
NK  c ells  or allowing  ex pres s ion of lig and s  for 
inhib itory  NK  c ell rec eptors . The uniq ue long  (U L) 
reg ion enc od ed  U L1 6  protein, ex pres s ed  at an early  
s tag e of infec tion, c an interfere with MIC B/ U LBP1 ,2  -
s pec ific  trig g ering  of NK  c ell rec eptors  [8 ]. A t the s ame 
time, U L4 0  c an promote s urfac e ex pres s ion of HLA -E 
b y  provid ing  it with TA P-ind epend ent peptid es , 
thereb y  s upply ing  a lig and  for c ertain inhib itory  NK  c ell 
rec eptors  [9 ]. A t a late s tag e of infec tion, HC MV  
enc od es  a viral MHC  c las s  I homolog ue, U L1 8 , whic h 
mig ht s erve as  d ec oy  for MHC  c las s  I at the c ell 
s urfac e [1 0 ]. The options  to pres erve inhib itory  s ig nals  
to NK  c ells  c ould  b e further ex ploited  b y  allowing  
mig ration to the c ell s urfac e for only  a s elec ted  s ub s et 
of MHC  c las s  I molec ules . By  preventing  s urfac e 
ex pres s ion of the very  potent antig en pres enting  HLA -
A  and  -B loc us  prod uc ts  and  allowing  ex pres s ion of 
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mostly nonclassical locus products that exhibit limited 
polymorphism, HCMV could escape killing by both 
CD8+ T cells and NK cells. Studies on US2 and US11 
indicated that HCMV uses such discriminating 
mechanisms. From experiments with murine class I 
molecules, it is known that US2 and US11 each affect 
different subsets of MHC class I molecules [11]. More 
recent studies, including pulse chase and in vitro co-
translation experiments, suggested that these viral 
gene products mainly affect HLA-A and -B allelic 
products, while HLA-C, -G  and – E are able to escape 
degradation [12, 13, 14].  

In the current study, we investigated how US11 
distinguishes between different MHC class I locus 
products. At present, the domains of the class I heavy 
chains that are important for binding to US11, or that 
determine their sensitivity to US11-mediated 
dislocation and degradation have not been 
characterized. So far, it is clear that the cytoplasmic 
region of class I molecules is essential for US11-
mediated degradation, although it does not seem to 
be essential for association with the viral protein [15].  

O ur approach to unravel the mechanism by which 
US11 distinguishes between different MHC class I 
alleles involved the use of chimeric HLA-A2/G  
molecules. HLA-A2, a classical MHC class I molecule, 
is known to bind to US11 and to be subjected to 
US11-mediated degradation [15]. For the nonclassical 
HLA-G , association with the viral protein has never 
been observed. Moreover, US11 has no effect on its 
half-life [12]. HLA-G  molecules, which exhibit low 
polymorphism, are mainly found on trophoblast cells 
in placental tissues and could be involved in 
protecting these cells from maternal NK cell killing 
during pregnancy [16]. Although HLA-G  molecules 
share many important features with other MHC class I 
molecules, it is important to note that the cytosolic tail 
consists of only 6 residues instead of 29-33 residues 
due to a premature stop codon in exon 6 [17]. By 
expressing the chimeric HLA-A2/G  molecules in 
murine cells, we could specifically follow the fate of 
individual human class I molecules. We then evalua-
ted the influence of US11 on their half-life and surface 
expression by pulse chase and flow cytometry. 

MATERIALS AND METHODS 

Cell lines  

J26 cells (H-2k murine Ltk- cells expressing human 
�2m) [23] and the Phoenix amphotropic retroviral 
producer cell line (generous gift H. Spits) were 

cultured in Dulbecco’s Modified Eagle Medium (Life 
Technologies Inc.), supplemented with 10%  FCS 
(G reiner), penicillin and streptomycin.  

A ntibodies 

The following anti-MHC class I monoclonal antibodies 
(mAbs) were used for flow cytometry: 87G  (directed 

against 1-domain of HLA-G , kind gift of Dr. D 
G eragthy), W6/32 (anti-human MHC I complex) [24], 

BB7.2 or MA2.1 (directed against 1-domain of HLA-
A2) [25], B9.12.1 (anti-HLA-A, B, C, G ) [26], R-Phyco-
erythrin-conjugated goat anti-mouse IgG  ((g m– PE), 
Jackson, France) was used as second antibody. For 

immunoprecipitations HCA2 (against 1-domain of 
HLA-A and – E, -G ), W6/32, US11(N2) (against the N-
terminus of US11), and H68.4 (anti-transferrin 
receptor, (Z Y MED)) Abs were used [24]. HCA2 was 
also used in western blot in combination with 
horseradish peroxidase-conjugated goat anti-mouse 
immunoglobulins (DAKO ). 

Construction of plasmids 

An overview of the amino acid sequence of HLA-A2 
and – G  and of the different wild type and chimeric 
MHC class I constructs is depicted in Fig. 1. All MHC 
class I cDNA fragments were derived from either 
pcDNA-G 1 (encoding HLA-G *01011) or pLUMC9901 
(encoding HLA-A*0201) and were subcloned into the 
pcDNA3 vector (Invitrogen) [27, 24]. Chimeras CM# 1, 
CM# 2, CM# 3 and CM# 4 were constructed in a PCR 
applying the megaprimer method [28]. Amplifications 
were performed using Pw o polymerase (Eurogentec, 
Belgium. The HLA-A2short construct encodes an 
HLA-A2 heavy chain with a tail (-RRKSSD) as short 
as that of HLA-G  (-RKKSSD).  Mutations in the 
cytoplasmic tail of CM# 1 were introduced with the 
Q uickChangeTM Site Directed Mutagenesis Kit 
(Stratagene). CM# 1 mutants are depicted in Figure 
3D. All constructs were fully sequenced to verify the 
absence of unwanted mutations. 

Transfection  

J26 cells have been transfected with the different 
chimeric MHC class I constructs using EffecteneTM

Transfection Reagent (Q iagen). 48 h later, stable 
transfectants were selected by using 0.3 mg/ml G 418 
(G eneticin; G ibcoBRL). After a few days, cells were
sorted by flow cytometry for expression of the 
introduced cDNA with BB7.2, B9.12.1 or 87G  mAb.

Production of retrovirus and transduction. 

A retroviral vector expressing both US11 and EG FP 
was constructed by ligating a US11-encoding 
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FIGURE 1. A) Schematic representation of the different domains of H L A -A 2 and H L A -G  that hav e b een ex changed to generate the C himeric 
M olecu les (C M ), c= connecting peptide, tm= transmemb rane domain. B ) A lignment of general H L A  consensu s seq u ence w ith H L A -A * 0 20 11 and 
H L A -G * 0 10 11 (w w w .eb i.ac.u k /imgt/hla/allele.html). 

fragment into the pL Z R S-IRES-E G F P  v ector [29 ]. T his 
constru ct w as u sed, together w ith the w ild ty pe E G F P  
ex pressing retrov iral v ector, to produ ce retrov iru s b y  
transfection of the amphotropic P hoenix  pack aging 
cell line w ith the calciu m phosphate method. T rans-
fected cells w ere grow n u nder pu romy cin selection (2 

g/ml). 24  h b efore harv esting the retrov iral su per-
natant, cells w ere grow n in pu romy cin-free mediu m.

C ells w ere transdu ced w ith retrov iru s u sing retronectin 
(T ak ara, J apan) coated dishes.  

V a c c in ia  v iru s  in fe c tio n s  

J 26  cells w ere infected w ith w ild ty pe or U S11-
ex pressing recomb inant v accinia v iru ses (rV V ) 
(generou s gift of D r. J .Y ew dell) at a mu ltiplicity  of 
infection of 10  P F U /cell for 4 5 -6 0  min in a small 

v olu me of seru m free cu ltu re mediu m at 3 7 C  [3 0 ]. 
M etab olic lab eling of infected cells w as performed 
approx imately  4 1/2 h after infection.  

F lo w  c y to m e try  

J 26  cells w ere sorted for ex pression of hu man M H C  
class I w ith the appropriate primary  antib odies and 

g m-P E , u sing a C ou lter E P IC S-E lite (C ou ltronics) 
flow  cy tometer. A fter cell sorting 9 5 -9 8 %  of the cells 
w ere positiv e for hu man M H C  class I ex pression. A  
F A C Scan (B ecton-D ick inson) flow  cy tometer w as 
u sed to analy z e su rface ex pression of w ild ty pe/ 
chimeric H L A  molecu les as w ell as E G F P  ex pression 
in cells transdu ced w ith retrov iru s. C ells w ere stained 
as decrib ed in K ik k ert et al [24 ]. D ata w ere analy z ed 
w ith the C ell Q u est softw are pack age (B ecton-
D ick inson).  

P rior to u se of retrov iral transdu ced cells in pu lse 
chase ex periments, cells w ere sorted for E G F P  
ex pression u sing a F A C S V antage flow  cy tometer. 

M e ta b o lic  la b e lin g , im m u n o p re c ip ita tio n  a n d  SD S-
P A G E

M etab olic lab eling, immu noprecipitations and SD S-
P A G E  w ere performed as describ ed b y  K ik k ert et al. 
[24 ]. In b rief, cells w ere starv ed in M et-C y s- mediu m at 
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37 C , la b e le d  w ith  35 S  p ro m ix  (A m e rs h a m ), a n d  
c h a s e d  in  m e d iu m  w ith  e x c e s s  a m o u n ts  o f L -c y s tin e  
a n d  L -m e th io n in e . W h e re  in d ic a te d  m e d ia  w e re  
s u p p le m e n te d  w ith  2 0 m M  p ro te a s o m e  in h ib ito r Z L 3H .
C e lls  w e re  ly s e d  in  N P 4 0  ly s is  b u ffe r c o n ta in in g  
le u p e p tin , A E B S F  a n d  Z L 3H . Im m u n o p re c ip ita tio n s  

w e re  p e rfo rm e d   2  h  o n  p re c le a re d  s a m p le s , w ith  
A b s  c o u p le d  to  p ro te in  A /G  s e p h a ro s e  b e a d s . A fte r 
w a s h in g  w ith  N E T  b u ffe r, s a m p le s  w e re  ta k e n  u p  in  
S D S  s a m p le  b u ffe r, b o ile d  fo r 5  m in  a n d  ru n  o n  S D S -
P A G E  (1 0 -1 5 %  g e l). G e ls  w e re  d rie d , e x p o s e d  to  a  
p h o s p h o r im a g in g  s c re e n , a n d  a n a ly z e d  b y  th e  B io ra d  
P e rs o n a l M o le c u la r Im a g e r F X  . 

Western blot 

S a m p le s  w e re  s e p a ra te d  b y  S D S -P A G E  (1 2 .5 %  g e l) 
a n d  tra n s fe rre d  o n to  P o ly S c re e n  P V D F  m e m b ra n e  
(N E N ) u s in g  th e  B io R a d  T ra n s -b lo t s e m i-d ry  s y s te m . 
T h e  m e m b ra n e  w a s  b lo c k e d  w ith  0 .6  %  B S A  in  T B S T  
b u ffe r (1 0  m M  T ris  p H  8 , 1 5 0  m M  N a C l, 0 .0 5  %  

T w e e n -2 0 ). A fte r in c u b a tio n  w ith  H C A 2  a n d  g m -
H R P , b a n d s  w e re  v is u a liz e d  u s in g  W e s te rn  L ig h tn in g  
c h e m ilu m in e s c e n t s u b s tra te  (P e rk in  E lm e r) a n d  F u ji 
S u p e r R X  film . 

RESULTS

H LA -G  b e c o m e s  s e n s itiv e  to  US1 1 -m e d ia te d  
d e g r a d a tio n  w h e n  its  c y to p la s m ic  ta il is  e x te n d e d .
T o  id e n tify  th e  re g io n s  o f M H C  c la s s  I h e a v y  c h a in s  
th a t a re  re s p o n s ib le  fo r U S 1 1 -m e d ia te d  d o w n -
re g u la tio n , w e  c o n s tru c te d  c h im e ric  H L A  m o le c u le s  
th a t c o n ta in  d o m a in s  o f H L A -A * 0 2 0 1 1  (H L A -A 2 ) a n d  
H L A -G * 0 1 0 1 1  (H L A -G ), F ig . 1 A . A n  o v e rv ie w  o f th e  
a m in o  a c id  s e q u e n c e s  o f H L A -A 2  a n d  – G  a n d  th e  
d o m a in s  th a t h a v e  b e e n  e x c h a n g e d  to  g e n e ra te  th e  
d iffe re n t c h im e ric  c o n s tru c ts  is  d e p ic te d  in  F ig u re  1 B . 

H L A -A 2  is  k n o w n  to  b in d  to  U S 1 1  a n d  to  b e  s u b je c te d  
to  U S 1 1 -m e d ia te d  d e g ra d a tio n  [1 5 ], w h e re a s  fo r H L A -
G  m o le c u le s  n e ith e r a s s o c ia tio n  n o r d e g ra d a tio n  h a s  
b e e n  o b s e rv e d  [1 2 ]. T o  a v o id  c ro s s -re a c tio n  o f 
a n tib o d ie s  w ith  e n d o g e n o u s  c la s s  I m o le c u le s , 
e x p e rim e n ts  w e re  p e rfo rm e d  in  m u rin e  J 2 6  c e lls . T h is  
c e ll lin e  e x p re s s e s  h u m a n  2 m  to  a llo w  p ro p e r 
c o m p le x  fo rm a tio n  w ith  th e  in tro d u c e d  H L A  c la s s  I 
h e a v y  c h a in s  [1 8 ]. A fte r tra n s fe c tio n  w ith  th e  d iffe re n t 
c h im e ra s , J 2 6  c e lls  w e re  tra n s d u c e d  w ith  U S 1 1 / 
E G F P - o r c o n tro l E G F P -e x p re s s in g  re tro v iru s .  
T o  a s s e s s  w h e th e r U S 1 1  s im ila rly  a ffe c ts  s ta b ility  o f 
H L A -A 2  a n d  H L A -G  m o le c u le s  in  m u rin e  c e lls  a s  in  
h u m a n  c e lls , th e  tra n s d u c e d  c e lls  w e re  m e ta b o lic a lly  
la b e le d  (F ig  2 ). In  a g re e m e n t w ith  p re v io u s  re p o rts , 
H L A -G  m o le c u le s  re m a in e d  s ta b le  o v e r tim e  in  th e  
p re s e n c e  o f U S 1 1 , w h ile  H L A -A 2  m o le c u le s  w e re  
d e g ra d e d  [1 2 , 1 5 ]. T h e  H L A -A 2  s ig n a l d is a p p e a re d  
o v e r tim e  in  th e  a b s e n c e  o f p ro te a s o m e  in h ib ito r, 
w h ile  in  th e  p re s e n c e  o f th e  in h ib ito r a  d e g ly c o s y la te d  
d e g ra d a tio n  in te rm e d ia te  c o u ld  b e  o b s e rv e d .  

N e x t, th e  e ffe c t o f U S 1 1  o n  s u rfa c e  e x p re s s io n  o f 
c h im e ric  H L A -A 2 /G  m o le c u le s  w a s  a n a ly z e d . H L A -G  
h a s  a  s h o rt c y to p la s m ic  ta il, c o m p a re d  to  o th e r M H C  
c la s s  I m o le c u le s . T o  a n a ly z e  th e  e ffe c t o f th e  ta il s iz e  
o n  U S 1 1 -m e d ia te d  m o d u la tio n  o f s u rfa c e  e x p re s s io n , 
w e  e x te n d e d  th e  H L A -G  c o n s tru c t w ith  c y to p la s m ic  
ta il re s id u e s  o f H L A -A 2  (c h im e ric  m o le c u le  (C M ) # 1 ). 
In  a d d itio n , w e  c o n s tru c te d  a n  H L A -A 2  m o le c u le  w ith  
a  c y to p la s m ic  ta il a s  s h o rt a s  th a t o f H L A -G  (H L A -
A 2 s h o rt).
T h e  d iffe re n t h u m a n  M H C  c la s s  I e x p re s s in g  c e lls  
w e re  tra n s d u c e d  w ith  U S 1 1 /E G F P - o r c o n tro l E G F P -
e x p re s s in g  re tro v iru s . S in c e  E G F P  a lo n e  h a d  n o  
e ffe c t o n  M H C  c la s s  I c e ll s u rfa c e  e x p re s s io n  (d a ta  
n o t s h o w n ), th e  E G F P  n e g a tiv e  p o p u la tio n  w a s  u s e d  
a s  re fe re n c e  fo r c la s s  I e x p re s s io n . T h e  in flu e n c e  o f 

F IG URE 2 . H LA -A 2  is  e ffic ie n tly  d e g r a d e d  in  US1 1 -e x p r e s s in g  m u r in e  J 2 6  c e lls , w h ile  H LA -G  r e m a in s  s ta b le . J 2 6  c e lls  tra n s fe c te d  w ith
H L A -A 2  (J 2 6 -A 2 ) o r H L A -G  (J 2 6 -G ) w e re  tra n s d u c e d  w ith  c o n tro l E G F P - o r U S 1 1 /E G F P  e x p re s s in g  re tro v iru s . C e lls  w e re la b e le d  (1 8  m in ) a n d
c h a s e d  (0  o r 5 0  m in ), in  th e  a b s e n c e  (-) o r p re s e n c e  (+ ) o f p ro te a s o m e  in h ib ito r (Z L 3H ). H L A  m o le c u le s  w e re  p re c ip ita te d  w ith  H C A 2  m A b . (-
C H O =  d e g ly c o s y la te d  b re a k d o w n  in te rm e d ia te )
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FIGURE 3. Effect of US11 on cell surface expression of wt type and chimeric M HC  class I molecules. J26 cells were transfected with 
different HLA constructs and subsequently transduced with US11/EGFP expressing retrovirus. MHC class I molecules were labeled using W6/32, 

87G (chimeras with 1 domain of HLA-G) or MA2.1 (chimeras with 1 domain of HLA-A2) mAbs followed by g m-PE (Y -axis). US11 expression 
was measured indirectly by analyzing EGFP expression (X-axis). The effect of US11 expression on surface staining of HLA molecules is 
calculated as: mean PE fluorescence of US11 positive (EGFP+) cells divided by mean PE fluorescence of US11 negative (EGFP-) cells, times 
100%. Contribution of: A) cytoplasmic tail B ) sequence variation in the cytoplasmic tail C ) ER-luminal domains and transmembrane region to 
susceptibility to US11-mediated downregulation of surface expression. D ) Overview of chimeras and CM#1 tail mutants showing average 
percentage (~ 3 exp.) of their surface expression in US11+ cells.  

US11 on cell surface expression of the chimeras was 
examined using flow cytometry, EGFP served as a 
marker for US11 expression (Fig. 3A).  

The tailless constructs were hardly affected by the 
presence of US11: compared to the wild type 
situation, an average of 81% of HLA-A2short and 9 6% 
of HLA-G molecules were still able to reach the cell 
surface. In contrast, both full length constructs were 

downregulated by US11: only 18% of wild type HLA-
A2 and 21% of CM#1 were expressed at the cell 
surface (Fig. 3A and D). Thus, the absence of most of 
the cytoplasmic tail residues is the main reason why 
this nonclassical HLA-G escapes downmodulation by 
US11.
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Influence of cytoplasmic tail residues on down-
regulation of MHC class I molecules. 

In contrast to HLA-G, HLA-C alleles possess long 
cytoplasmic tails, but they are nevertheless 
considered insensitive to US11-mediated degradation 
[12]. For HIV an immune escape mechanism has 
been described which, like HCMV, appears to affect 
only a subset of HLA alleles. Nef internalizes HLA 
molecules with tyrosine at position 321 in the 
cytoplasmic tail (HLA-A, -B), but does not affect 
surface expression of class I molecules with C321 
(HLA-C) [19]. HLA-A2 molecules with mutated Y321A 
are not affected by Nef [20]. 

To analyze the influence of amino acid composition of 
class I cytoplasmic tails on US11-mediated down-
regulation, the following constructs were generated: 
CM#1 with a substitution of tyrosine 321 for alanine 
(CM#1-Y321A), or for cysteine (CM#1-Y321C); the 
Y321A mutation combined with a deletion of the last 
lysine and valine residues (CM#1-Y321A del K V) or 
the K V deletion alone (CM#1-del K V), (Fig. 3D).  

A substitution of tyrosine 321 did not alter the 
sensitivity of class I to US11-mediated down-
regulation, as CM#1, CM#1-Y321A and CM#1–Y321C 
were all similarly affected (Fig. 3B and D). However, 
CM#1-Y321A del K V was considerably less sensitive 
to US11, with an average reduction in cell surface 
expression to 62% for CM#1-Y321A del K V as 
apposed to 21% for CM#1. This effect can be 
ascribed to the K V deletion as CM#1-del K V shows a 
similar insensitivity to US11. Clearly, the extreme end 
of the cytoplasmic tail plays an important role in the 
downmodulation mediated by US11.  

1 and 2 domains of HLA molecules contribute 
to the sensitivity to US11-mediated down-
regulation. 

Besides the cytoplasmic tail region, the 1, 2, 3 or 
transmembrane regions of HLA molecules were 
exchanged (Fig. 3C and D). Since surface expression 
of HLA-A2 and CM#1 was affected by US11 similarly, 
major differences might not be expected for these 
chimeras. No clear role could be ascribed to the 
connecting peptide or transmembrane region of MHC 
class I in this experimental set up (compare CM#1 &  

2, CM#5 &  6 and CM#8 &  9), nor to the 3 domain 

(compare CM#6 &  7). However, exchanging 1 and 

2 ER-luminal domains did alter the sensitivity to 
US11: less than 10% of CM#5, CM#6 or CM#7 
reached the cell surface in the presence of US11 
whereas around 21-34% of the other full length HLA 
molecules was able to escape US11-mediated 
downregulation. Chimeras CM#5-7 carry the HLA-A2 

1 domain and at least the HLA-G 2 domain. 
Strikingly, the tailless construct CM#3, containing the 

same 1(A2)/ 2(G)-combination, was down-
regulated by the action of US11, while HLA-A2short 
and HLA-G were not or only slightly affected (an 
average of 30% for CM#3, compared to 81% and 96% 
surface expression for HLA-A2short and HLA-G, 
respectively). By comparing flow cytometry data of 
CM#6 and CM#7 (both similarly affected with only 9% 
and 8% surface expression, respectively), we showed 

that it is the 2 domain of HLA-G that contributes to 
this increase in sensitivity. This is further supported by 
comparing data of CM#5 (10%) with CM#8 (26%) and 
CM#6 (9%) with CM#9 (34%) which only differ in their 

2 domains. Altogether, these data indicate that both 

1 and 2 domains of MHC class I molecules are 
involved in US11-mediated downregulation.  

Decrease in cell surface expression of chimeric 
HLA-G molecules with an extended cytoplasmic 
tail is due to US11-induced degradation. 

Since flow cytometry data only reflect the effect of 
US11 on cell surface expression of MHC class I 
molecules, we also evaluated its effect on their 
stability using pulse chase experiments.  

Recombinant vaccinia virus (rVV) was used to
introduce US11 into the cells. In parallel, a similar 
amount of cells were infected with wild type vaccinia 
virus. This way, a single cell line with a defined 
expression level of (chimeric) MHC class I molecules 
can be used to evaluate the effect of US11 
expression. US11-rVV infects the cells with high 
efficiency and expresses high amounts of US11 
protein after a few hours of infection [21]. Pulse chase
experiments performed with rVV infected cells are 
depicted in Figure 4. 

Class I heavy chains and murine transferrin receptor 
(mTfR) were immunoprecipitated from cell lysates, 
separated by SDS-PAGE and visualized using 
phosphor-imaging (Fig. 4A). Precipitated proteins 
were quantified and the amounts of MHC class I 
heavy chain (relative to the mTfR) are presented as a 
percentage of the wild type situation at time point zero 
(Fig. 4B). US11 expression is shown in figure 4C. 

Figure 4 shows that the reduction of cell surface 
expression measured by flow cytometry correlates 
with degradation of MHC class I molecules in US11 
positive cells. US11-mediated degradation was 
observed for HLA-G when its cytoplasmic tail was 
extended with HLA-A2 tail residues (CM#1), whereas 
a deletion of extreme tail end K V residues caused a 
severe decrease in degradation efficiency (compare 
CM#1 &  CM#1-Y321A del K V). Exchange of the HLA-
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FIGURE 4. HLA-G chimeras with an extended cytoplasmic tail are susceptible to US11-mediated degradation. J26 cells transfected with 
HLA-A2, CM#1, CM#1 Y321A del KV (CM#1*) or CM#2 were infected with wt or US11-expressing vaccinia virus. Cells were labeled (8 min.), 4½  
hours after infection, and chased for 0 or 17 min. A) Transferrin receptor (TfR) and HLA molecules were immunoprecipitated from cell lysates 
with anti-TfR (H68.4) and anti-heavy chain (HCA2) mAbs, respectively, separated by SDS-PAGE and visualized using a phosphor-image screen. 
B) Amount of precipitated HLA protein (relative to the TfR and t=0 wt VV infected sample), given as percentage. C) After immunoprecipitation of 
HLA/TfR molecules, US11 was immunoprecipitated using anti-US11(N2) Ab. 

A2 connecting peptide/transmembrane region did not 
alter class I heavy chain stability (compare CM#1 & 
CM#2).

In addition, these data provide information on 
elimination rates of HLA molecules. Whereas similar 
amounts of HLA-A2, CM#1 and CM#2 heavy chain 
were eliminated within 17 min of chase, there was a 
difference in the time course over which these 
molecules were cleared: immediately after the pulse 
(chase t=0), almost three quarters of HLA-A2 heavy 
chains was eliminated, versus half of the CM#1 & 
CM#2 material. These findings suggest that chimeras 
containing ER-luminal domains derived from HLA-G 
are somewhat less susceptible to US11-mediated 
degradation than HLA-A2 molecules. Ultimately, 
similar amounts of HLA-A2 and HLA-G molecules with 
tails as long as that of wild type HLA-A2 are degraded 
and thereby withheld from the cell surface.  

US11 causes intracellular retention of a tailless 

HLA-G chimeric molecule with the 1 domain of 
HLA-A2.

Tailless HLA-A2short and HLA-G molecules are 
relatively insensitive to US11-mediated down-
regulation (Fig. 3D). Surprisingly, the tailless HLA-G 

chimera, in which the 1 domain of HLA-G has been 
replaced with that of HLA-A2 (CM#3), proved to be 

much more sensitive to US11 (Fig. 3D). How can this 

be explained?  Is the 1 (A2) / 2 (G) combination 
advantageous for a strong association with US11 (or 
other component(s) involved in the process of US11-
mediated dislocation) and causing intracellular 
retention, or is this chimera (CM#3) being dislocated 
and degraded even though it lacks a long cytoplasmic 
tail?   

To address these questions, pulse chase analysis 
was performed with J26-CM#3 cells (Fig. 5). The 
stability of CM#3 heavy chains was hardly affected by 
US11 (Fig. 5A & B). In US11-expressing cells, some 
decrease in the amount of CM#3 heavy chains could 
be observed at 90 min of chase, but this seems to be 
US11-independent since a similar decrease is 
observed in control cells. Furthermore, CM#3 seemed 
incapable of forming normal (W6/32-reactive) 

complexes with 2m when US11 was present (Fig. 
5C). In agreement with flow cytometry data, HLA-G 
and HLA-A2short heavy chains were capable of 

forming stable complexes with 2m in the presence of 
US11 (data not shown).  

Fig. 5D shows that anti-US11 antibody, besides 
US11, also immunoprecipitated a protein with a 
mobility in SDS-PAGE similar to that of CM#3. The 
protein was identified as CM#3 by blotting the same 
anti-US11 immunoprecipitate onto PVDF-membrane,
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FIGURE 5. The tailless chimera of HLA-G with the 1 domain of HLA-A2 (CM# 3) associates with US11 and is retained intracellularly. 
J26 cells transfected with HLA-CM#3 were infected with wt or US11- expressing vaccinia virus. Cells were labeled (15 min), 4 ½ hours after 
infection and chased for 0, 45 or 90 min. Cell lysates were split in three. A) Immunoprecipitation of class I heavy chains (HCA2) and transferrin 
receptor (H68.4) B) quantified amounts of HLA (relative to TfR and t=0 wt VV infected sample). Immunoprecipitation C) of MHC I complexes 
(W6/32) or D) of US11 (anti-US11(N2)). E) Half of the anti-US11(N2) sample was run on a separate gel for a Western blot and stained with 

HCA2 and g m-HRP Abs. 

followed by staining with anti-human heavy chain 
antibody (Fig. 5E).  
Altogether, these data show that downregulation 

of CM#3 at the cell surface is not caused by 

protein degradation, but instead results from 

intracellular retention, presumably due to its 

interaction with US11.

DISCUSSION 

In this study, we explored which domains of MHC 
class I heavy chains are responsible for association 

with the HCMV-encoded US11 protein, and 
subsequent dislocation and degradation. Using a set 
of chimeric HLA molecules of US11-sensitive and 
US11-insensitive class I molecules (HLA-A2 and HLA-
G, respectively), we found that a long cytoplasmic tail 
was required for efficient US11-induced degradation 
of both classical HLA-A2 as well as nonclassical HLA-
G heavy chains. In addition, we demonstrated that the 
lysine and valine residues at the extreme end of the 
cytoplasmic tail, together with the amino acid 

composition of both 1 and 2 ER-luminal domains 
play an important role in US11-mediated MHC class I 
downregulation. 
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US11 exclusively degrades HLA-A2 molecules with 
long cytoplasmic tails [19]. Using an HLA-G/A2 
chimera with a long cytoplasmic tail (CM#1), we 
demonstrated that HLA-G is insensitive to US11-
induced degradation solely because it lacks essential 
cytoplasmic tail residues. We then tested whether 
alterations in the amino acid composition of the tail 
influenced the efficiency of downmodulation. We 
found that a substitution of tyrosine residue 321, a 
critical residue for selective HIV Nef-mediated 
internalization of MHC class I molecules, had no 
influence. Interestingly, a deletion of only two residues 
(lysine and valine) at the extreme end of the 
cytoplasmic tail made class I molecules a lot less 
susceptible to US11-mediated downregulation. We 
are currently investigating the exact role of these 
residues with respect to selectivity of the US11-
mediated dislocation and degradation process.  

Our data also indicate that the amino-acid 

composition of both 1 and 2 luminal domains 
influences US11-mediated MHC class I down-
regulation. Pulse-chase experiments with wild type 
HLA-A2 and chimeric HLA-G/A2 molecules with long 
cytoplasmic tails showed that ER-luminal domains 
determine the efficiency of the degradation process: 
wild type HLA-A2 molecules were degraded faster 
than the chimeric HLA molecules in which ER-luminal 
domains consisted of HLA-G residues (CM#1, CM#2). 
Note that although US11 needed more time to induce 
degradation of these chimeras, eventually similar 
amounts of wild type HLA-A2, CM#1 and CM#2 were 
eliminated and therefore withheld from the cell 
surface.  

Our flow cytometry experiments showed that the 1

and 2 ER-luminal domains predominantly determine 

downregulation, rather than the 3 domain. The 

combination of the HLA-A2 1 domain with at least 

the 2 domain of HLA-G in different long tailed 
chimeras resulted in an even more efficient 
downregulation than that of wild type HLA-A2 cell 
surface expression. Unexpectedly, this same 
combination even led to a major downregulation of a 
tailless chimera (CM#3), whereas surface expression 
of HLA-G and HLA-A2short were not or only slightly 
affected. Pulse chase experiments indicated that 
US11 is incapable of mediating degradation of this 
tailless chimera, presumably because it lacks 
essential cytoplasmic tail residues. The observed 
reduction in surface expression is more likely due to 
intracellular retention by US11. In agreement with this 
hypothesis, complexes of US11 and class I heavy 
chains could be detected. In addition, formation of 

W6/32 reactive molecules was strongly reduced in the 
presence of US11. US11 may therefore interfere with 
the folding of class I heavy chains and/or their 
association with 2m, although it cannot be excluded 
that US11 binding blocks the W6/32 epitope.  

Based on our data, we propose the following model: 
US11 could first associate with newly synthesized 

MHC class I heavy chains via their 1/ 2 domains. 
The affinity or association/dissociation rates might 
depend on the amino acid composition of these 
luminal domains while the amino-acid composition of 
the cytoplasmic tail would be critical for efficient 
dislocation to the cytosol and subsequent degradation 
by the proteasome. According to this model, the 
unexpected downregulation of the tailless chimeric 

HLA-G molecule in which the 1 domain has been 
replaced with that of HLA-A2 (CM#3) could be 
explained by a high affinity interaction, but slow 
dissociation rate between US11 and CM#3. The 
interaction between US11 and HLA-G could be so 
brief that it does not affect cell surface expression. 
The association with HLA-A2short could be somewhat 
longer as US11 does have a slight effect on surface 
expression of this tailless molecule (reduction to 81% 
cell surface expression). The interaction with HLA-G 
and HLA-A2 is nevertheless long enough to induce 
their dislocation and degradation if they possess the 
essential tail residues. The amino acid composition of 
the cytoplasmic tail then determines the efficiency with 
which this dislocation/degradation process takes 
place.  

Our data seem to be in contrast with a previous report 
[12]. Based on in vitro experiments in which different 
MHC class I heavy chains (HLA-A2, -C, -G) were co-
translated with either US2 or US11, Schust et al. 
suggested that these viral proteins could only 
associate with HLA-A2 and that the stability of HLA-C 
and HLA-G was due to a lack of association. It is 
possible that an interaction of HLA-G with US11 could 
not be detected in these experiments as the 
interaction might be very transient and difficult to 
detect under the conditions used. However, we do 
believe that this interaction takes place as tailless 
class I molecules can associate with US11 and the 
CM#1 molecule (HLA-G with an extended cytoplasmic 
tail) can be degraded. 

Like US11, US2 is capable of inducing degradation of 
MHC class I molecules. Our data indicate that these 
two viral proteins interact with distinct ER-luminal 
domains of class I heavy chains. We showed that 

37



binding to US11 involves the 1/ 2 domains of class 
I molecules. Experiments performed with US2 and this 
same set of chimeras did not reveal involvement of 

the combination 1/ 2, but pointed towards a 

combination of 2/ 3, as both wt HLA-A2 and CM#5 
were downregulated around 5 fold more efficiently 
than CM#7 (unpublished results). These data are in 
agreement with the previously published crystal 
structure of a soluble HLA-A2/US2 complex, which 
demonstrated association of US2 with ER-luminal 

2/ 3 domains [22]. Association of US2 and US11 
with distinct domains of class I molecules may 
contribute to a broader defense of HCMV, as US2 and 
US11 together could attack a wider variety of MHC I 
molecules.  

Altogether, our data provide new insights in the 
mechanism by which US11 downregulates MHC class 
I molecules. It will help unraveling the criteria for 
selective modulation of different MHC class I subsets 
involved in NK and T cell recognition. 
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