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ABSTRAa. Common variable immdeficieacy (CM) 
is a heterogeneous condition marked by a number of dif- 
ferent immmlogic defects. One group of patients, perhaps 
60% of the CVI group as a whole, is characterized by T 
cells that produce reduced amounts of IG2 (mRNA and 
protein product), IG4, and IL-5 (mRNA) when stimulated 
with phytohemagglutinin. This defect does not extend to 
all lymphokines, however, because the cells produce nor- 
mal amounts of interferony (mRNA and protein product) 
when exogenous IG2 is present. Recently, we have reex- 
amined the T cell lymphokine prodaction defect using a 
panoply of T-cell activation stimuli and have shown that 
the defect is a subtle one that depends on activation of the 
cell via the CD3-T-cell receptor complex. Because T cells 
proliferate normally when stimulated via this receptor, this 
finding suggests the presence of a "downstream" defect, 
perhaps one involving the factors that are necess~ry for 
activation of lymphokine genes. A second form of CVI, in 
this case involving approximately 30% of the CVI group 
as a whole, is characterized by a reduced CD41CWI ratio 
and elevated numbers of CWI+ T cells bearing the CD57 
marker. Although the CD4+ T cells in this patient group 
elaborate normal amounts of IL-2 under various activation 
conditions, their CWI+ T cells produce hmased amounts 
of interfern.  Furthermore, the CD8+ T cells in this 
case act as "suppressor" T cells, which suppress IgG 
production but not IgM production of pnrified (normal) 
SAC+, IL-2-induced B cells. These "CD8Lm CVI patients 
display lymphocyte phenotype markers that are similar to 
those of patients with chronic viral inf- thus, it is 
possible that they have an immdefdency resulting from 
a s~~btle infection that resalts in the development of T cells 
capable of down-regulating B-ceU responses. Overall, these 
studies allow a better defmition of CVI and suggest poten- 
tial lympholiae-based therapies of selected patients. 
(Pufiatr Ru 33 (Suppl): S24-S28,1993) 
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CVI is a heterogeneous group of disorders characterized by 
hypogammaglobulinemia and recurrent infection (1). In the 
1970s and 1980% numerous in vitro studies of CVI patients' 
mononuclear cells were performed using increasingly purified 
cell populations and increasingly defined methods of cell stimu- 

lation to characterize the cellular defect in this disease (2-6). A 
general result of these studies was that, whereas CVI T cells 
provided normal help to (allogeneic) B cells in assays of in vitro 
Ig synthesis, CVI B cells could not be helped by (allogeneic) 
normal T cells. In addition, whereas some patients manifested 
abnormally increased s u p p m r  T d  activity, the latter was 
usually associated with B cells that do not perform normally in 
vitro after enrichment and coculture with normal T cells. Overall, 
these tindings led to the view that CVI is largely, if not totally, 
due to an abnormality of B cells. More recently, however, several 
studies have appeared that show that CVI T cells do not function 
in a completely normal fashion and that these patients' B cells 
do not function in a completely abnormal fashion (2, 7-10). In 
these studies, it was found that mitogen-induced T-cell prolifer- 
ation and IL2 production in the CVI patient population as a 
whole are reduced and that CVI patient B cells frequently pro- 
duce respectable amounts of IgM (but not IgG or IgA) when 
stimulated in vitro (3, 7, 10-12). These studies reopened the 
question of whether T cells in CVI patients are normal and set 
the stage for our own studies of CVI, which had, as a goal, the 
measurement of the capacity of CVI T cells to produce various 
lymphokines. 

CVI PATIENTS WITH NORMAL T C E U  PHENOTYPES 

In our initial studies, we focused on the CVI patients with 
normal T-cell phenotypes, who constitute about two thirds of 
patients with CVI. In particular, we studied patients who exhib 
ited normal numbers of CD4+ and CD8+ T cells as well as a 
normal proportion of CD4SR4-bearing T cells. This last point 
is important because it is now quite clear that CD4SRA- and 
CIXSRO-bearing T cells (so-called naive and memory T cells, 
respectively) have different lymphokine production profiles, so 
that a change in the CD45RA/RO ratio could be a relatively 
trivial cause of a lymphokine production abnormality (13). In 
addition, these patients had normal PHA-induced proliferation 
values, indicating that any lymphokine production defect, if 
pment, could not be the result of an abnormality of T-cell 
growth. 

In a typical study, we determined the capacity of peripheral 
blood mononuclear cells (containing CD4+ and CD8+ T cells) 
stimulated by the Toell mitogen PHA to produce IL2, IL-4, IL 
5, FWy, and IG2Ra mRNA using the RNA slot-blot technique. 
As shown in Figun 1, patient T cells produced about 10 to 40% 
as much IG2 mRNA as normal T cells, in addition, they 
produced decreased amounts of L-4 and IL5 mRNA. The IG 
2 mRNA production deficiency was accompanied by an abnor- 
mality of IL2 secretion as assessed by ELISA of IG2 secretion 
into culture supematants. 

These findings contrasted somewhat with those relating to IG 
2Ra and IFN--y mRNA production. First, T-cell IG2Ra pro- 
duction, as measured both by mRNA expression in slot blots 
and by cell surface expression (CD25), was completely normal. 
Second, whereas IFNr mRNA production was normal at 6 h 



T-CELL ABNORMALITIES IN CVI 
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Fa 1. Expression of IG2, IFPJ;y, IG2Ra, and actin mRNA in two 
normal indivi(tuals ( A  a d  B) and two patients with CM (I and 2). 
Paripbaalbbod~~~~stim~withPHA,andtotal 
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deiketbeeauseith 
bcvhr prtviMIsly that production is biphasic and 
that tlre second phase is IG2 dependent (14, 15). To investigate 
this pasdbili, we measured IFN-7 mRNA production of CVI 
cells that were stimulated in the presence and absence of ex* 
nous recombinant L-2. In these studies, we could show that 
both IFlV-7 mRNA and IFN-y protein production measured 24 
h after cell stimulation are, in fact, normal when adequate IG2 
is added to the patient cell cultwe& 

The above-stated lymphokine abnormalities are quite ob- 
vim partinl abnomxdities that may have little or no physio- 
logic si@hm, To inmtipte this question, we determined 
tbe capacity ofrwpematmts @om PHA-stimulated patient T cells 
to sltppmt @ pmhdon by SACadivated nonnal B dl& We 
f- as shown ia 2, that PHA-stimulated CVI T ceb 
gin rise to wpmmtanfs that provide relatively poor help when 
~ ~ ~ n V i t s t B & h d p p r o ~ ~ ~ t s d e r i v e d ~ m  
aonmat T ad& this faggats that the lymphokine production 
deaart iiotse alnrve can have corn- for Bcen differentia- 

q ~ v c - - w p o l j r l n e r m s G  
~ B R d i y m p h o l d n e p r o t o i D s e a e t i a a * ~ ~  
o w .  We found again that most CYI patientar w#i n m d  T- 
Cenpbenotypesprod~a~IG2mRNAaadIIc2~ l fum 
~ C D 4 + T c a l l s . 1 n ~ n , w e t 4 m u t ! d t b o t ~  
stbubtjon of T cells with arrti-(=D3 anti'body (Le. sthn- 
g f T c e r f l s v i a t h e T ~ e o m p l e x ) l c d f o ~ I L 4 ?  
production, stimuktiun with antiCD3 plus a c a s t i m m  a- 
~~, mtXD28, led t& normalJL2 production. This hdbg  

Fa 2. Effect of CVI T-ceil supematants on Ig production by nonnal 
B alk T ah From CYI patients and normal donors are stimulated 48 
h with PHA, then added to normal SAGactivated B cells. The ability of 
T-&l supernatants to support Bcell maturation and diffkrentiathn is 

in Bcell Ig production, as measured by ELISA. 

that the lymphokine production abnormality in this ! 
CVI patients is specific for the TCR-CD3 activation '. 

and that other signaling pathways (e.g. the CD28 path- ? 

Wy) aie intact, As such, it is reminiscent of an earlier finding 
made with whole T d  populations in which costimulation with 
~ ~ a a t a t e w a s a M e t o n a n a s l i a c I G 2 ~ n  
by PHA-stimulated T cells (16). 

Overall, these studies show rather unequivocally that a 
' 

subgroup of CVI patients has a partial, but nonetheless definite, 
lymphokine production defect. This defect is unlikely to be one 
involving a global cell signaling abnormality inasmuch as cells 
can be induced to undergo normal proliferative responses by a 
variety of stimuli. More likely the defect is "downstream" of the 
signaling process, possibly at the level of the processes involved , 
in the initiation of lymphokine gene transcription. In this regard, " 

the defect may involve the elaboration of certain DNA binding 
factors that interact with particular regulatory (enhancer) regions 
located 5' to lymphokine genes. This possibility would provide 
an explanation for the fact that FI+y production is i n t w  
beeause the DNA fhcto~s necessary for IFNy mRNA productim 2 

ane not coextensive with those necess;cry for IL-2 mRNA p~o. 
duction. Along these lines, the normal rmpollse of patient oedlr - 
to mtLCD28 is explainable in that the IG2 gene has an enhancst - 
region that relates to CD28 signaling independently of enhancer 
regions relating to CD3 sigaaling (1 7). 

CVI PATIENTS WITH ABNORMAL T-CELL PHENOTYPES: 
TD8Y"  

In subsequent studies, we investigated the immunologic defect 
in a second gmup of patients with CVI, those with abnormal T- 
cell phenotypaa This group of patients constitutes a quarter to a 
third of all CVf patients and is marked by the presence of an 
elevated number of CD8+ T cells and a low CD4/CD8 T-cell 
miio (18). In addition, the CD8+ T-cell population in this patient 
group usually contained increased numbers of HLA-DR+ and 
CD57+ T cells. The latter marker, CD57 (Leu 7), is one that has 
previously been found to be increased on CD8+ T cells of 
patients with pers'stent viral infections (e.g. cytomegalovirus and 
human immunodeficiiency virus infection), id CD8+, CD57+ 
T cells have been shown to ad as efficient cytotoxic T cells in 
%dhcbdw (anti-CD3- or PHA-mediated] cytotoxicity assays . - 
($9-2 I). - 
h our studies of these mLi CVI patients, are fitst establishad 

that they were indeed different from those CVI patients with 
qamal T d  phenotypes with regard to lymphkine secretion. 
Agxdn&y, we demmmal the ciqmdy of highly purified 
~ T ~ f r o m a C D 8 ' p a t i e n t t o p r o d u c e & 2 a n d  IFN-y 
wlseg&nubml%yPEU. WefoundthatCW+Tcellsfrom 

L -- 



CD8Y patients p r o w  L 2  in a normal fkhion, wberras 
CW+ T cells from CVI patients with normal T d l  phenotypes 
(studied in parallel) produced nduced amounts of IL2. 

We then turned our attention to the CDP patients' CD8+ T- 
d population and dctemhed the capacity of highly p d e d  
CD8+ T cells to produce various lymphokhs. When subjwtd 
to stimulation with anti-CD3/phorbol myristafe acetate (a max- 
imum Tcdl stimulus), Went  CDS+ T CCIIS produced signifi- 
cantly reduced levels of L 2  and sigdhntly incnased levels of 
IFWyandIG5ascompandtoawnmalumtrdCD8+T-~ell 
population; in addition, CD8+ T d  production of IL4 was 
also increased, but in this case, to a n-t extent. Thus, 
although the CD8+ T alls in CD8' patients are relatively 
unreactive to prolifmtive stimuli, they nevertheless produce 
increased amounts of certain lymphokines. 

The data on CD8+ T-cell lymphokine production M b e d  
above suggested that these T cells are highly differentiated "effec- 
tor-type" T cells. To explore this &bility, we measured the 
~~~tyofCD8+Tcellstoacta~su~rTceband~xic 
T cells. In initial studies directed at suppressor T a l l  activity, we 
performed studies to determine the capacity of 0 8 "  patients' 
CD8+ T cells to affect Ig production by SAC-induced allogeneic 
tonsillar B cells. We found, somewhat to our surprise, that 
whereas CD8+ T cells from CD8" patients had little effect on 
normal B cell IgM production, they had a pronounced and cell 
dose-dependent inhibitory effect on IgG production. Thus, these 
cells affect the differentiation of normal B cells in vitro, either at 
the level of the isotype switch differentiation or the level of 
terminal differentiation. 

In additional studk, we investigated the cytotoxic -ties 
of CD8+ T cells from CD8' patients and showed that such cells , have a markedly increased capacity to mediate cytolytic function 
in "redirected" (anti-CD3-mediated) cytotoxicity d o n s .  This 
indicates that CD8+ T cells are, in fact, cytolytic T cells even if 
we cannot yet identifj. the antigen or antigens toward which the 
cells are specifically directed. 

Having estabhhed that CD8+ T cells in CD8' patients had 
both suppnssor and cytolytic functions, we investigated the 

1 possible role of these cells in the patients' hypogammaglobuli- 
nemia. First, we determined the capacity of highly purified B 
cells from CD8' CVI patients to produce Ig under SAC stimu- 
lation in the presence of L2. The reasoning here was, if the 
CD8+ T cells were exerting an inhibitory effect that accounted 
for the hypogammaglobulinernia of this form of CVI, patient B 
cells cultured in the absence of patient T cells should be able to 
produce Ig. We found that although all patients' B cells produced 
IgM under these conditions, the B cells of three of four patients 
produced markedly reduced amounts of IgG. The Ig production 
defect of these patients, therefore, could not be corrected by 
simply removing potentially suppressive T cells. A fourth pa- 
tient's B cells, on the other hand, did produce IgG in the absence 
of his T cells. This patient is of interest because he had normal 
serum IgM levels associated with reduced IgG levels; thus, in this 
case, there was a good correspondence between in vitro and in 
vivo findings and it was reasonable to pozttulate that his Ig 
deticiency was due to Ig class-specific immun~~~ppresdon. Sec- 
ond, we showed that although the CD8+ T cells were cytolytic 
they had little or no capady to kill allogeneic EpstcinBarr virus- 
tndibrmed B-LCL cells and subnorm@ toxicity against 
autologous B-LCL celh thus, it is unlilpn. qq+ T cells of 

patients act to kill B cells in vivo. , 

SUMMARY 

The above studies allow us to define two very diffmnt CVI 
patient populations. The first patient group is cham&hd a 
normal T-cell phenotype and T cells (a+ T cells) thaf have a 
partial abnormality of lymphokine production. The si@l~a~lce 
of this T-cell abnormality to the patients' hhypogam~obbli- 
nemia is uncertain. On the one hand, it is pWiMc that the 

-ty is a primary factor in the accompanying B-cell defect 
and is capable of causing a subtle but critical block in B-cell 
ckvclopment leading to in vivo and in vitro Ball u-nsive- 
ncsa In this view, the function of patient B cells in culture is not 
indicative of an intrinsic B-cell defect, but rather a developmental 
defect secondary to the demonstrable T-cell lymphokine produc- 
tion abn-. On the other hand, it is also possible that the 
T a l l  defect is one that is independent of the Ece11 defect and 
that the latter is a primary factor in disease pathogemsis In this 
context, it is possible that this form of CVI is caused by a 
common intracellular defect that independently causes an ab- 
normality of lymphokine production in T cells and of Ig produe 
tion in B cells. 

The second patient group, CD8' CVI, is characterized by an 
abnormal T-cell phenotype and CD8+ T cells that m d e s t  
abnormalities of proliferation and lymphokine production. In 
this case, we again cannot clearly e@ablish a role for the T cells 
in the causation of the accompanying B-cell abnormality, except 
in the occasional patient, although it remains possible that such 
a role exists. In this case, we are impressed with the fact that the 
patients mm8est a T d  profile that is similar to that found in 
persistent viral infection, and it is thus worth considering the 
possibility that this form of CVI is due to a subtle and chronic 
infection that is the proximal cause of the B-cell dysfunction. 
The development of CD8+ T cells is then a secondary phenom- 
enon and not the cause of the hypogammaglobulinemia. 

Overall, the studies presented here provide a new way to 
organize CVI into more coherent pathophysiologic groups. In 
addition, the studies begin to provide a molecular explanation 
of the disease and suggest important leads as to the direction of 
future lwcarch. 

REFERENCES 

1. Ashason GL 1980 Diaga& and Tmtment of Immun-cy. Blackwell 
schtitic Pubwtions. London, pp 37-60 

2. eyer L, Fu SM, Cunnin$hun-Ruadles C, KunM HG 1984 Pdydonal 
~mm- acntion in plltieats with common vasiabk immunodeti- 
ciency using monodonal B cdl- . . fscton.JQiaIn~&74:2115- 
2120 

3. Ashman RF, Saxon A, Stcveas RH 1980 Profile of multiple lymphocyte 
hdonrl defects in acquited h ~ o b u l i n m h ,  duived h m  in 
virm edl mombination a d y s k  J Allersy Qia Immund 65242-256 

4. S i  FP, Siegal M, Good RA 1976 Suppmsbn of ecdl difkntiation by 
eocytcs from h y p o g a m m a g l m  patients. J Qia Invest 58:109- 
ILL 

5. S i  FP, Sicgal M, Good RA 1978 Role of helpr: s u p p ~ ~ ~ ~ ,  and k l l  
d e f e  in the pathogemsis of h- N Engl J Med 
299: 172- 178 

6. MA, Bankhunt AD, W W  RC 1983 C h m d d d o n  of the 
arppawractivityvityin~frompatientswitharmmonvaIiablc 
h ~ e n d c n c e f o t ~ ~ p i m a r y B c e n ~ e n  
Qia lmmund Immmopdd 29:35-U) 

7. Sndla MC, Strober W 1990 AbwrmDLities of lympbolrim gene arpresSon in 
pnthts with ammon d a b k  -. J ImmImmunol 1443762- 
3769 

8. Spickea GP, Webstcr ADB, Famnt J 1990 CelluLr abnomalities in common 
wipble immunodeficiency. Immunodefic Rev 2: 199-219 

9. Krugm G, Wdte K, Ciobanu N, ~R~ C, Ralph P, Venuta S, 
Fddmm S, Kodaa B, Wpne CY, Moore MAS, Mgtelmann R 1984 
Intcbkin-2 com&n of defcdw in vim Tcdl mitogenesis in patieats 
with COQUWJI vrriaMe ~~~wKKM&wY. J Qia Immu~ol4:295-303 

10. J ~ G , R ; r b b P . N r L o i n z ~ W O , ~ ~ C 1 9 8 5 R a e u e  

5:122-129 
11. PlgncgItM,ClpabiPncbiR, Famti $ Go&iGP, Facchi J, Dimmi F, 

Auti F 19118 Evidence tht the &k&vc gamma intdm produ&m m 
~withprimuyimmmsodehcknciaisdwtointrinsicmc4nu~ 
o f ~ C l i n E x p I m m u n d 7 2 : 1 2 4 - 1 2 9  

12. Pastor& 0. R o d 0  MG, Tourpine JL, Pcronne G, Tow, PA, DeVrics JE 
1989 PafpPasl Mood lymphocyte3 of patients with common variabk im- 
muwdceaency pmduce miaced lmlr of interlcukin4, intexhkh-2 md 
~,butprolifartemWmenyuponactivationwithmitogeaaClin 
Exp Immunol78:334-340 

13. SPnden luLE. M;llgok MW, Shaw S 1988 Human naive and memory T a l k  
reiatapctiOn ofMpa--rad suppnssor-iaduccrsubse*r Immund 
T* 9~195-199 

14. Gdnteh K, Dowa S, Gillis S, Urdal D, L a m  A 1986 Expmsh of 



, the CD8+ T cells arc very definitely cytotoxic 

thcybavebeen-tobecytotoxlc 
~ ~ t h c y ~ r p o n t r n a o p r *  

Dr. Frank: I want to ask you a difTkent kind of q 

D r . ~ T B e a n t i b o c l i w r r r e w t ~ T B . t  
t h c ~ p o i n t t h a t I a m ~ b e , t h a t w e h a v e  
~ 0 f ~ p r o d u d i o a . T h t l a t t e r l I t a y l c a d  
~ t i a t i o n c m d ~ ~ a t u d o ~ o f B c d l s .  



~ararethcndininrdifll);rrncastbatlllolrrymtodisthr- 
~~? 

Dr. S&cbr No. Again, we have to do bc4ta stdim than wc 
h n v e m h r r . I * d o n a t w a n t t o b c ~ w a b a u t ~  
quertion.fnTam~1shdieqhafbU0dmodanelgy 
~thbCDBYprsients,thcscacmd~ofpraiadgBtcm& 
~ r n ~ a t a ~ d e a n c Z ~ m a r y b e ~ ~  
I l i a e ~ t o g h e a s n n r l ~ ~ m m o D s  
cr#a#is t o t a k e a l a t ~ t i m e t o ~ t h i s ~ y  
i ~ ~ l h a r ~ i n r r n i m m M 0 ~  
Dr. Soransen: Yau indwcd wrrmal inrrn&- aynthah 

in your ht group of patients. I wcmdcr if you owid induce 
normal imrnunoglobplin synthek in vim by L 2  di- 
rectlytoBcdbartotbepPCient'sT~? 

D r . ~ T h e p o i n t I ~ ~ k t h l t t m c o Y l d n a t  
~uIatcnormslTcdharithlati-CD3aod~tbeprtia3b'B 
c u d l s t o ~ a n d b y ~ I m a a n ~ I @ .  W e d  
nocgcttbcmtowartbyaddisgIGZorany~maneu~~~.  
Lloyd M a p  &owed that T-ccdl qmmatantr tfom vdow kinds 
ofhybridomeIiaesandotheaT~~didst imul8tethe 
pgt ient ' sBcdls tomakeIgM,&leart in~~buttbey  
did not make IgG. Thajisvery~calbecausemanytimesoac 
can show that CVI patiem win make IgM in rim, in a variety 
o f s i ~ m , b u t t b e y ~ n a t m a k e ~ , a n d t h a t h v e r y ~ c a l  
todeEinethedefect. 

Dr. Wadgarood: The tiiffhentiation that you make is fascinat- 
ing, but I w o n d e r ~ t h e t w o t y p e s  hadany dinicaldistin- 
~ m a r k s ? T o g o a P t t k ~ , o b v i o \ l d y t h e ~  
probkm~inCVIhantii~~n.Asyouknon,antibody 
p r o d ~ c a n b e d i s s e c t c d E u m ~ ~ i n v i v o t h a n b y  
1- at just immm-n levds. Many years qgo, our 
group~tbstw6caulddcmoastraaesylrllraulainCVIasing 
~opbage .Some,pcPhapemu6t ,~ t sma&IgMant i -  
body,buttbeydidnotsamtohavememoryardar 

ampMiatiom. Same had aa- I@ memory and amplification and 
oUm made same IgG. C3abag back to the early papers on 
complement, Hans Ochs was d i e  to show very nicely that 
whctber you made the IgM $witch to IgG depended on comple- 
meat, but it alsodepended on whether there was enough antigen 
to push it all the way fotward. If so, you could get the IgM 
rapnw to to to IgG I g G n .  How did you evaluate 
theoep&mB-fort&Fir nbi5tyt.o make an thdy  in vivo? Did you 
lQokatthepraa~~andthc~oftheswitchfromigM toIgG 
i n ~ t o d o u s s t i m a l i ?  

Dr. Strober: No. We have not done that. I think it would be 
v c a ~ '  to&thatnowinthesetwomoredearlydefined 
pati== 1 1.L. your point, mi 1 am aware of 
your stodies with iPX 174. 

Dr. Boxer. Did any of these patients in the second group with 
the TH mppmam have secandary cytopcniaJ (like neutmpcnia, 
anemia, throm-)? And war that accampanied by anti- 
blood c& anti- 
Dr. S m k  No, not in this pmtimk group of ptients. We 

hare seen patients with hypopmm@oimbmh and cybpen- 
ias, due to antibodies to red cells or thrombocyks. 
But this padadar group of patients did not have that. 
Dr. Schwark I am very curious to know whether you did the 

extadon of your mixing experiments, when you used the CD8 
c e l b a n d t h e n o n n a l s A ~ ~ c e l l s , b y u a i n g ~ t e s  
or do you have evidence of any soluble activity that may come 
from tbat CD8 population you nfemd to? 

Dr. S b b e ~  That is a good question. We want to do that 
expuixnent and simply throw in a n t i i  to IFNy, but we have 
not done it yet I think it would be very important to t o w  that 
the suppressor cell phenomenon may be due to one of the well- 
descrikd l y m p h o ~  or c y t o h .  Is it simply the combination 
ofverybwL2andveryhighIFNythatginsrisetosu~ 
sion? We d y  need to do a lot mom in that area. 
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