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Immune Dysfunction and the Pathogenesis of AIDS-
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Much has been learned about how HIV-induced immune dysfunction contributes to B cell
hyperactivation, and potentially, to the pathogenesis of AIDS-lymphoma. However, further studies are
needed to fully understand how HIV infection and immune dysfunction promote B cell hyperactivation
and the development/growth of AIDS-lymphoma. In particular, studies are needed to define the role of
HHV8 VvIL6, IL6 receptor-expression, and lymphocyte surface stimulatory molecules, in promoting B
cell hyperactivation or lymphoma cell growth.

Key words: B lymphocytes - HIV - AIDS - lymphoma - interleukin 6 - HHV8

The risk of developing lymphoma is greatlybody-cavity lymphoma, a relatively rare form of
increased in people who have HIV infection: apAIDS-lymphoma (Cesarman etal. 1995, Knowles
proximately 10% of people with AIDS develop1997). These four types of AIDS-lymphoma dif-
non-Hodgkin’s lymphoma (AIDS-lymphoma) fer in the frequency of maycimmunoglobulin (1g)
(Ziegler 1987, Rosenberg & Fauci 1990, Pluda efene chromosomal translocations, in anatomical
al. 1990, Gail et al. 1991, Moore et al. 1991, Beralistribution (most primary CNS AIDS-lymphomas
et al. 1991, Karp & Broder 1991, Martinez-Mazaare IBL), and in Epstein-Barr virus (EBV) positiv-
1993, Ballerini et al. 1993, Knowles 1997). Also,ty (MacMahon et al. 1991, Knowles 1997). All
it is clear that the incidence of AIDS-lymphomaSNCCL display anyclg translocations. However,
has been increasing. For instance, within the paonly about one-third of these SNCCL are EBV-
ticipants in the Multicenter AIDS Cohort Study positive (Ballerini et al. 1993). All IBL, on the
(MACS), AIDS-lymphoma incidence has increasedather hand, are EBV-positive, but only a fourth of
from <2 cases/1000 person years in 1986 to >12 these have myclg translocations. An intermedi-
1995, and AIDS-lymphoma as the initial presentate pattern is seen in LNCCL: 25% are EBV-posi-
ing AIDS diagnosis within this cohort has riserntive and 50% had amyclg translocation. Also,
from 2.1% in 1985-87 to 9.9% in 1995-96 (un-LNCCL have been seen to be associated with the
published results). The overall aim of our studieganslocation and overexpression oftek6 proto-
has been to determine how HIV infection-associencogene (Gaidano et al. 1997). Therefore, al-
ated immune dysfunction contributes to the devethough virtually all AIDS-lymphomas are B cell
opment and/or growth of AIDS-lymphoma. tumors, these tumors are heterogeneous, in histo-

AIDS-lymphoma: pathology and molecular leHogical type, clinical behavior, and in the molecu-
sions- AIDS-lymphomas can be segregated intdar lesions associated with these histologically-de-
several categories: Burkitt's lymphoma-like smalfined categories. This suggests that more than one
noncleaved cell lymphoma (SNCCL), large celpathogenetic mechanism contributes to the devel-
immunoblastic plasmacytoid lymphoma (IBL),opment and progression of AIDS-lymphoma
large non-cleaved cell lymphoma (LNCCL), andKlein 1989, Knowles 1997).
primary effusion lymphoma (PEL), also known as  Role of B cell hyperactivation in the pathogen-

esis of AIDS-lymphomaWhile HIV infection is

characterized by a decrease in the function/num-

ber of CD4 T cells, a marked increase in B cell
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B cell hyperactivation precedes, and probably corMacgrath 1992, Ballerini et al. 1993, Schulz et al.
tributes to lymphomagenesis in HIV infection1996). While lymphoma results from the accu-
(Martinez-Maza 1993, Przybylski et al. 1996). Thisnulation of several genetic lesions, which together
chronicin vivo B cell hyperactivation could con- result in dysregulated growth and an increased
tribute to lymphomagenesis simply by increasinglonal life span, the myclg translocation is of
the size of the target cell population at risk for gegreat pathogenetic importance, since this translo-
netic accidents that contribute to lymphomagenesisation can result in a perpetually proliferative state
such as the myclg gene chromosomal transloca-(Lombardi et al. 1987, Shiramizu & Macgrath
tion (Klein 1989). However, itis possible that spe1990, Macgrath 1992).
cific features of this B cell hyperactivation are es- lg isotype switching is driven by various B cell
pecially important in the pathogenesis of AIDSstimulatory factors, including cytokines (IL4, IL13)
lymphoma. and other B cell-stimulatory molecules
One form of B cell hyperactivation that has th§CD40:CD40 ligand, sCD23). Since HIV infec-
potential to be uniquely associated with the devetion-associated B cell hyperstimulation, in particu-
opment of non-Hodgkin’s lymphoma is increasedar the chronic stimulation of B cells to undergo
Ig isotype switching. Ig isotype switching is aisotype switching, may play an important role in
normal feature of humoral immune responses: prthe pathogenesis of AIDS-lymphoma, and since
mary immune responses are characterized by te€D23 is associated with Ig isotype switching, we
production of the IgM classrisotype), while sec- examined serum sCD23 levels in a study of HIV-
ondary immune responses to the same antigen fgmsitive subjects who had developed AIDS-lym-
ture a much greater proportion of other Ig classephoma. Subjects were participants in the UCLA-
particularly 1gG § isotype). This switch in Ig MACS, and were segregated into four groups: (1)
isotype, or heavy-chain, to IgG, IgA or IgE, in-AIDS-lymphoma, (2) AIDS, with no history of an
volves a DNA rearrangement in the Ig heavy chaiAlDS-related malignancy, (3) HIV+ with no
gene. When isotype switching is signaled by variAIDS-defining conditions, and (4) HIV serone-
ous B cell stimulatory factors, including cytokinesgative. sCD23 and IgE levels were measured in
(IL4, IL13, IL10) and cell surface stimulatory all available sera from visits in the 18 months prior
molecules (CD40:CD40 ligand, sCD23), the rearto the diagnosis of AIDS-lymphoma. Greatly el-
ranged DNA joins at the switch regions (discretevated sCD23 serum levels were seen in those who
regions 5’ to the heavy chain coding sequenceg)eveloped AIDS lymphoma, when compared to
with the subsequent excision of intervening heavyethers with AIDS (without lymphoma), or to HIV-
chain sequences, allowing the Ig variable regioseronegative or HIV+ subjects who did not have
gene segment to be placed close to the coding ®IDS (Yawetz et al. 1995). Since the induction of
gion for the new Ig heavy-chain isotype. SomégE has been tied to the activity of CD23, serum
cytokines induce Ig isotype switching targeted tégE levels also were examined, and found to be
certain lg isotypes: IL4 and IL13 preferentiallysignificantly elevated in those that developed AIDS
induce switching to IgE and 1gG4. Other cytokineslymphoma (Yawetz et al. 1995). Recently, this find-
such as IL10 and IL6, enhance Ig class switchingg was confirmed by others (Zinzani et al. 1996),
without preference for Ig class (Burdin et al. 1997)who noted that sCD23 may be a specific prognos-
The induction of Ig isotype switching may en-tic parameter for non-Hodgkin’s lymphoma.
hance the occurrence ofntyclg translocations, Also, in recent work, we noted that another
since this translocation is thought to result from amolecule associated with B cell hyperactivation,
error in the DNA rearrangements that take placeoluble CD27 (sCD27) is elevated prior to the ap-
during isotype switching (Potter 1992, Macgrattpearance of AIDS-lymphoma (unpublished obser-
1992). Rearrangement of thargrconcogene is vation). Cell surface CD27, a lymphocyte activa-
seen in both sporadic (North American and Euraion antigen, can be proteolytically cleaved to pro-
pean) and endemic (African) Burkitt's lymphoma,duce sCD27, which has been seen to be elevated
as well as in many AIDS-lymphomas (Neri et alin a number of disease states and malignancies.
1988, Subar et al. 1988, Klein 1989, Karp & BrodeSerum sCD27 levels in HIV infection and in AIDS-
1991, MacMahon et al. 1991, Potter 1992associated lymphoma were measured in a study
Macgrath 1992, Martinez-Maza 1993, Ballerini esimilar to that described above for sCD23. Sig-
al. 1993, Cesarman et al. 1995, Schulz et al. 1996ificantly elevated levels of sCD27 were seen in
Knowles 1997, Gaidano et al. 1997). The rearsubjects who developed AIDS-lymphoma, when
rangement seen in AIDS-lymphoma involves theompared to subjects with AIDS (hon-lymphoma),
c-mycgene (often truncated) and the switch regioor to HIV+ (non-AIDS) or HIV-negative subjects
of the Ig heavy-chain gene (Lombardi et al. 198{unpublished observation). Both AIDS (non-lym-
Subar et al. 1988, Neri et al. 1988, Potter 199%homa) and HIV-positive (non-AlDS) groups also
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had significantly elevated serum sCD27 levelspf immunoregulatory mechanisms almost certainly
when compared to HIV-negative controls. AlDS-contribute to the initial development of AIDS-lym-
lymphoma cell lines also were seen to express cghoma, immune dysfunction also may contribute
surface CD27 and its ligand, CD70, and to proto the continuing growth of malignant lymphoma
duce substantial amounts of sCD27. Furthermoreells. Various B cell-stimulatory factors could di-
a majority of primary AIDS-lymphoma specimensrectly support the growth of emerging malignant
expressed both CD27 and its ligand, CD70. AIDS-lymphoma cells, by serving as autocrine/
Together, these results suggest that B ceplaracrine growth or viability factors. For example,
hyperactivation, resulting in CD23, IgE, and CD27L6, a B cell-stimulatory cytokine that has been
overproduction, occurs in HIV infection. Further-seen to act as a growth factor for various human
more, the observation that serum sCD27 anthalignancies, including multiple myeloma, as well
sCD23 levels are elevated prior to the developmeas IL10, also a B cell-stimulatory cytokine, are
of AIDS-lymphoma, suggests that serum levels gfroduced by or near AIDS-lymphoma cétizvivo
these molecules may have prognostic value in préEmilie et al. 1992a, b, 1997). We have seen that
dicting the development of AIDS-lymphoma.IL6 can enhance the resistance of EBV-transformed
More recently, we have re-examined sCD23 exymphoblastoid B cell lines (B-LCL), cells that are
pression prior to AIDS-lymphoma, using a moresimilar to IBL cells, to specific CTL (Liu et al.
specific second-generation ELISA for sCD231995). Our recent preliminary studies indicate that
(Binding Site), and examining a much larger numtL6 is elevated prior to the appearance of AIDS-
ber (n~50) of subjects with AIDS-lymphoma, usdymphoma, particularly in those who develop
ing a similar study design to that described abov&urkitt's, SNCCL AIDS-lymphoma. Therefore,
In addition to sCD23, sCD27, IgE, IL6, and IgG4immune dysfunction, in particular the over-produc-
expression were measured simultaneously in setian of B cell-stimulatory cytokines, could contrib-
from these subjects. Preliminary assessment ofe to the growth of nascent lymphoma cells, in
these results confirms that sSCD23 is elevated, priaddition to contributing to the genesis of these can-
to AIDS-lymphoma, particularly in subjects whocers.
developed Burkitt’'s/SNCCL (unpublished obser- Immune dysfunction and B cell hyperactivation
vations). Interestingly, serum IL6 levels also werén HIV infection- There are several means by
seen to be elevated, over levels seen in subjeethich HIV infection could result in polyclonal B
with AIDS but without lymphoma, only in sub- cell activation: (1) direct polyclonal activation of
jects who developed Burkitt's/SNCCL AIDS-lym- B cells by HIV or HIV superantigens (Pahwa et al.
phoma, a type of lymphoma that is characterizetio85, 1986, Schnittman et al. 1986, Yarchoan et
by cimyclg translocations (MacMahon et al. 1991 al. 1986, Berberian et al. 1993), (2) chronic anti-
Ballerini et al. 1993, Knowles 1997), but not ingenic stimulation of B cells by HIV (Amadori et
those who developed IBL, large cell, or CNS lym-al. 1989), (3) HIV infection resulting in the loss of
phoma. T cell-mediated immunoregulation of EBV-posi-
EBV infection also may contribute to B cell tive B cells (Birx et al. 1986, Martinez-Maza 1993),
hyperactivity in people with HIV infection, as well (4) HIV-induced over-production of IL6 and other
as directly to the genesis of AIDS-lymphoma. EB\WB cell stimulatory cytokines (Rosenberg & Fauci
can immortalize infected human B cells. Somé&990, Breen et al. 1990, Birx et al. 1990, Amadori
types of AIDS-lymphoma (IBL) may representet al. 1991, Rieckmann et al. 1991, Honda et al.
EBV-transformed B cells growing in an uncon-1991, Martinez-Maza 1992, 1993, Macchia et al.
trolled fashion in an environment devoid of func-1993), and (5) the inappropriate expression of non-
tional immunoregulation. The high frequency ofcognate T/B cell stimulatory molecules (Macchia
EBV infection, and low frequency ofmyclg gene et al. 1991, 1993, Chirmule et al. 1993). While
translocations, seen in IBL and in CNS lymphothe relative contribution of these different mecha-
mas (Ballerini et al. 1993, Knowles 1997), supnisms to B cell hyperactivation in HIV infection
ports this notion, as does the fact that IBL and CNBas not been defined, some information is avail-
lymphomas occur in people with low numbers ofible that allows the contributions of these differ-
CD4 T cells (Mufioz et al. 1993). While widelyent mechanisms to the induction of B cell
prevalent, EBV infection is normally tightly con- hyperactivation to be judged. Chronic antigenic
trolled by T cell-mediated immunoregulation, in-stimulation by HIV cannot be primarily respon-
cluding cytotoxic T cells (CTL) (Tosato & Blaesesible for HIV infection-associated B cell
1985). However, these EBV-immunoregulatoryhyperactivation, since a majority of the activated
mechanisms are known to be deficient in peoplB cell clones seen in HIV-infected subjects are not
with AIDS (Birx et al. 1986). reactive with HIV antigens (Amadori et al. 1989).
While chronic B cell hyperactivation and lossV,,3 Ig molecules appear to be natural ligands for
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gp120, and y;3+ B cells are activated by gp120hulL6 is controlled by the expression of IL&R
(Berberian et al. 1993): this )\8-gp120 cells that do not express this receptor subunit do
superantigen interaction may be responsible farot respond to hulL6 (Hirano et al. 1990,
some of the B cell hyperactivation seen in HIVKishimoto et al. 1994, 1995). While gp130 is
infection. However, this alone cannot account fowidely expressed, IL6& expression is regulated
this phenomenon, since the,¥ B cell subset was closely and controls responsiveness to IL6: acti-
seen to be completely deleted in people with AIDSated, IL6-responsive B cells display marked
and advanced HIV disease (Berbarian et al. 1991),6Ra expression, while resting B cells do not
when B cell hyperstimulation is most markedKishimoto et al. 1994, 1995). Since IL&RX-
(Mizuma et al. 1988, Vincent et al. 1992). Therepression determines IL6 responsiveness, and the
fore, at the point in the course of HIV disease whealtered expression of this molecule could contrib-
B cell hyperactivation is maximal, impairedute to immune dysfunction, we examined Ils6R
immunoregulation of EBV+ B cells (Tosato & expression in HIV infection. An elevated number
Blaese 1985, Birx et al. 1986), and/or cytokin®f IL6Ra-positive B cells and monocytes was seen
and stimulatory molecule over-production, mosin HIV infection (unpublished observation). These
probably play the dominant role in inducing B celincreases did not correlate with CD4 levels. How-
hyperactivation. ever, preliminary studies suggest that elevated
B cell hyperactivation in HIV infection: role IL6Ra expression correlates with HIV plasma
of IL6, a B cell-stimulatory cytokine There is RNA levels (unpublished observation). Also, pre-
significant evidence that the over-production ofiminary studies indicate that exposure of cells that
IL6, a cytokine that induces B cells to become Ighave elevated IL6& expression to recombinant
secreting cells (Hirano et al. 1987, 1990, MatsudaulL6 usually resulted in increased STAT3 phos-
et al. 1989), can contribute to B cell hyperactivatiophorylation (unpublished observation). Unexpect-
in HIV infection. In the past, we have devotededly, cells from some subjects who had high levels
much of our attention to elucidating the role of IL6of IL6Ra expression did not display correspond-
in AIDS pathogenesis, working in collaborationingly increased STAT3 phosphorylation following
with Tadamitsu Kishimoto. We were the first tohulL6 exposure. This suggests that down-regula-
report that exposure of human monocytes to HIYory mechanisms, such as the up-regulation of the
leads to IL6 gene expression and secretiorecently described STAT-induced STAT inhibitors
(Nakajima et al. 1989), and that elevated levels ¢6SI) (Naka et al. 1997, Starr etal. 1997, Endo et
IL6 and C’-reactive protein (CRP, an acute-phasal. 1997, Minamoto et al. 1997), may occur in cells
reactant induced by IL6) are seen in HIV-infecthat express elevated levels of Il@RTogether,
tion (Breen et al. 1990), work that has been conhese findings suggest that IL6 over-production,
firmed by others (Birx et al. 1990, Honda et aland perhaps the enhanced responsiveness to IL6
1991, Lafeuillade et al. 1991, Rautonen et al. 199lue to the over-expression of IL&Rplay an im-
de Wit et al. 1991, Clouse et al. 1991). In subseortant role in B cell hyperstimulation in HIV in-
guent studies, we found that gp41 is the HIV-enfection.
coded product responsible for inducing IL6 pro- The HHV8-encoded IL6 homologue, VIL6, is a
duction by monocytes (Takeshida et al. 1995)otential contributor to B cell hyperactivation in
Also, we have seen that IL6 levels are highest iHIV infected people HHV8 is a humax-herpes-
advanced HIV disease, when B cell hyperactivationirus (also called KSHV: KS-associated herpes-
is most apparent (unpublished observation). Reirus), originally found in AlIDS-associated
cently, it was seen by others that treatment of HIVKaposi's Sarcoma (AIDS-KS) lesions (Chang et
infected subjects with antibodies to IL6 resultedl. 1994). While HHV8 was initially identified
in a marked decrease in B cell hyperactivatiofrom sequences seen in KS lesions, infection with
(Marfaing-Koka et al. 1996). this virus is not restricted to such cells, or to people
More recently, we found significantly elevatedwith KS. In fact, HHV8 infection has been seen to
levels of IL6 receptor (IL6BR’CD126’) expression occur widely in people with HIV infection, and
on B cells (CD19+ cells) and monocytes (CD14+gappears to occur, albeit less frequently, in people
in HIV infection, with the level of IL6R expres- who are not HIV infected (Lennette et al. 1996,
sion being highest in those subjects who had higknowles & Cesarman 1997, Blackbourn et al.
plasma HIV RNA levels (unpublished observa-1997). Although HHV8 infection seems to be as-
tion). The IL6 receptor complex is made up ofociated with KS, the role of HHV8 infection in
gp130°'CD130’, a 130 kDa signal-transducing subthe pathogenesis of KS remains unclear. Also, it
unit, and IL6R'CD126’, an 80 kDa cytokine- is not clear whether the near universal HHV8 se-
binding subunit (IL6R) (Greaing et al. 1992, ropositivity seen in subjects with KS represents a
Kishimoto et al. 1994, 1995). The response taew/recent infection, or the reactivation of a pre-
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vious infection with this herpesvirus. Certainly,cently, we initiated preliminary work to allow us
other humargr-herpesviruses, such as EBV, have & examine the biological effects of vIL6, and vIL6
high prevalence of infection in human populationsieceptor utilization, on human B cells. In these
with initial infection resulting in a life-long, low preliminary studies, we have cloned and sequenced
level of infection, which is tightly-regulated by vIL6, produced several specific anti-vIL6 sera,
immunoregulatory mechanisms (Tosato & Blaesbhave expressed recombinant vIL6, and have seen
1985). that recombinant vIL6 (either expressedircoli
HHVS, like EBV, appears to be tropic prima-or in transfected HelLa cells) has biological activ-
rily for human B cells (Knowles & Cesarman 1997ty in a bioassay based on the proliferation of the
Blackbourn et al. 1997). However, the great malulL6-responsive MHE60.BSF2 B cell line (Breen
jority of AIDS-lymphomas are not infected with et al. 1990). In the future, we hope to delineate
HHV8 (Cesarman et al. 1995, Knowles &vIL6 receptor utilization and signaling pathways
Cesarman 1997), the exception being a rare tyjre human B lymphocytes, and to define the bio-
of AIDS-lymphoma, PEL, which are HHV8-posi- logical effects of viL6 on human B lymphocytes.
tive (Cesarman et al. 1995). Therefore, even B cell hyperactivation in HIV infection: po-
though HHV8 can infect human B cells, the directential role of cell-surface immune-stimulatory
infection and transformation of B cells by HHV8molecules While the over-production of human
does not seem to play a significant role in the pathand/or viral IL6 and other cytokines may be of great
genesis of the types of lymphomas seen most colimaportance in the induction of B cell hyperstimu-
monly in people with HIV infection, in contrast to lation seen in HIV infection, other factors must be
the role of EBV infection in IBL and CNS AIDS- involved, since several signals are necessary for
lymphomas (Knowles 1997). the induction of B cell activation. In fact, the pro-
In spite of this, HHV8 infection might play an cess of B cell activation involves an on-going “dia-
indirect role in the pathogenesis of AIDS-lym-logue” between T cells and B cells, much of which
phoma, by producing a virus-encoded version dé mediated by non-cognate, cell contact-mediated
IL6, a potent B cell-stimulatory cytokine. Recentlysignaling via pairs of cell surface molecules
various groups identified an HHV8 gene encod{Schevach 1993, Parker 1993). Of particular in-
ing a homologue of human IL6 (hulL6) (Moore etterest are the B/T cell-ligand pairs of CD40:CD40
al. 1996, Nicholas et al. 1997, Neipel et al. 1997)igand, CD27:CD70, and B7.1'CD80'/B7.2’
Shortly after this, the entire sequence of HHV8 wa€D86’:CD28. CD40-ligand, unlike CD28, is not
identified, and the HHV8 K2 gene was seen texpressed on resting T cells but is up-regulated
encode vIL6 (Russo et al. 1996). While vIL6 hagollowing activation (Noelle et al. 1992, Schevach
somewhat limited (25%) amino acid sequence iderd-993, Parker 1993, Roy et al. 1993, Armitage et
tity to hulL6, 22% of the non-identical residuesal. 1993, Alderson et al. 1993). Conversely, while
represent conservative amino acid substitution§D40 is constitutively expressed on B cells, B7.1
and vIL6 appears to have a very similar secondagnd B7.2 expression is normally seen on activated
structure to hulL6, with four maja-helical seg- B cells (Schevach 1993, Parker 1993). On initia-
ments and a signal sequence. vIL6 does appeatrtion of cellular activation, the coordinated up-regu-
be biological active: vIL6 expressed in transfectethted expression of these molecules allows their
eukaryotic cells was seen to induce the proliferanteraction, driving further activation. While the
tion of hulL6-responsive murine cell lines (Mooreover-expression of these cell-surface activation
et al. 1996, Nicholas et al. 1997) and can induaaolecules has the potential to contribute to B cell
the phosphorylation of STAT proteins in an hulL6-hyperactivation in HIV infection, little is known
responsive hepatocyte cell line (Molden et alabout how these stimulatory molecules contribute
1997). Interestingly, viL6-signaling, mediatedto B cell hyperactivation, or to the development or
through gp130 on hepatocyte cells, was seen gvowth of AIDS-lymphoma cells.
occur in the absence of the IL&Rubunit of the Recent preliminary studies have focused on the
IL6 receptor, in contrast to hulL6 signaling, whichexpression of cell-surface stimulatory molecules
requires the IL6R receptor element (Molden eton B cells, as well as CD4 and CD8 T cells, in
al. 1997). The biological effects of viL6 on hu-HIV infection. Elevated levels of expression of
man B cells have not been defined. the following molecules were seen on B cells in
Since HHV8 infection is seen commonly inpeople with HIV infection: CD40-ligand,
people with HIV infection and vIL6 can mimic the fasCD95’, CD23, B7.2'CD86’, and CD28 (unpub-
biological effects of hulL6, and since hulL6 islished observations). CD40-ligand and CD28 are
thought to contribute to B cell hyperactivation incell-surface stimulatory molecules, normally ex-
HIV infection, it is important to define the biologi- pressed on activated T cells, but not on circulating
cal effects of viL6 on human B cells. Very re-B cells. It interesting to note that increased B cell
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expression of CD40-ligand was seen in people withs on circulating B cells in HIV infection, these
advanced HIV disease, the same subjects that hawelecules could potentially be acting in an auto-
the highest level of B cell hyperactivation andstimulatory manner, thereby driving B cell hyper-
AIDS-lymphoma. Levels of B cell expression ofactivation and/or lymphoma cell growth. These
CD40 (expressed on ~90% of cells) were unpossibilities will be considered in future studies.
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