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CD19: a biomarker for B cell development,
lymphoma diagnosis and therapy
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Abstract

The human CD19 antigen is a 95 kd transmembrane glycoprotein belonging to the immunoglobulin superfamily.
CD19 is classified as a type I transmembrane protein, with a single transmembrane domain, a cytoplasmic
C-terminus, and extracellular N-terminus. CD19 is a biomarker for normal and neoplastic B cells, as well as follicular
dendritic cells. CD19 is critically involved in establishing intrinsic B cell signaling thresholds through modulating
both B cell receptor-dependent and independent signaling. CD19 functions as the dominant signaling component
of a multimolecular complex on the surface of mature B cells, alongside complement receptor CD21, and the
tetraspanin membrane protein CD81 (TAPA-1), as well as CD225. Through study of CD19 transgenic and knockout
mouse models, it becomes clear that CD19 plays a critical role in maintaining the balance between humoral,
antigen-induced response and tolerance induction. This review also summarized latest clinical development of
CD19 antibodies, anti-B4-bR (an immunotoxin conjugate), blinatumomab (BiTE), and SAR3419 (huB4-DM4), a novel
antibody-drug conjugate.
Rituximab, the first monoclonal antibody against CD20
molecule, has revolutionized lymphoma therapy [1,2].
More monoclonal antibodies targeting different antigens
are being developed for lymphoma therapy [3]. CD19 is
specifically expressed in normal and neoplastic lymphoid
cells. This review summarizes the molecular structure
and functions of CD19 antigen as well as the clinical de-
velopment of CD19 monoclonal antibodies for lymph-
oma therapy.
CD19 gene and antigen
The human CD19 antigen is a 95 kd transmembrane
glycoprotein belonging to the immunoglobulin (Ig)
superfamily [4,5]. It is encoded by the 7.41 kilobite cd19
gene located on the short arm of chromosome 16,
16p11.2 [6]. The gene contains 15 exons and codes for
the CD19 molecule with 556 amino acids (Figure 1).
There are more than one mRNA transcripts, though
only two transcript isoforms have been isolated in vivo
[5-7]. Structurally, the gene contains an unusually short
5'-untranslated region. The proximal cd19 promoter
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reproduction in any medium, provided the or
lacks a TATA box, and its major start sites are found
within 50 bp of the initiation codon [8].
CD19 is classified as a type I transmembrane protein,

with a single transmembrane domain, a cytoplasmic
C-terminus, and extracellular N-terminus. No significant
homology exists between CD19 and other known proteins
[9]. The extracellular element contains two C2-type Ig-like
domains divided by a smaller potential disulfide linked
non-Ig-like domain, as well as N-linked carbohydrate
addition sites (Figure 2). The highly conserved cytoplasmic
domain consists of 242 amino acids with nine tyrosine
residues near the C-terminus [9-11]. Multiple studies have
come to suggest that the biologic functions of CD19 are
dependent on three cytoplasmic tyrosine residues – Y391,
Y482 and Y513. Experiments have shown that substitution
of phenylalanine for tyrosine at two of the positions, Y482
and Y513, leads to inhibited phosphorylation of the other
seven tyrosines [12-14].

Kinetics of CD19 expression
CD19 was first identified as the B4 antigen of human B
lymphocytes through the use of anti-B4 monoclonal
antibody (mAb) against CD19. It is specifically expressed
in normal and neoplastic B cells, as well as follicular
dendritic cells [9,11,15]. During B cell lymphopoiesis,
the surface expression of CD19 first takes place around
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expressed from pre-B cells until the terminal differenti-
ation to plasma cells.

Physiological function
CD19 is critically involved in establishing intrinsic B cell
signaling thresholds through modulating both B cell
receptor (BCR)-dependent and independent signaling
[16,17]. It plays roles in the antigen-independent devel-
opment as well as the immunoglobulin-induced activa-
tion of B cells. CD19 is thus critical for the body to
mount an optimal immune response. CD19 works in
complex with the BCR and other surface molecules to
allow both direct and indirect recruitment and binding
of various down-stream protein kinases [6,18]. The pro-
tein kinases that interact with the CD19 complex include
those belonging to the Src family (Lyn, Fyn), Ras family,
Abl, Btk, adapter molecules (Vav, Grb2), and PI3K [9].
More recently, it has been recognized that CD19 is
required for optimal MHC class II-mediated signaling,
through its modulation of tyrosine phosphorylation and
Akt kinase signaling [19].
CD19 functions as the dominant signaling component

of a multimolecular complex on the surface of mature B
cells, alongside complement receptor CD21 (CD2), and
the tetraspanin membrane protein CD81 (TAPA-1), as
well as CD225 [9,13,18,20] (Figure 2). The CD19 com-
plex functions to decrease the threshold for receptor-
dependent signaling through modulating both intrinsic
and receptor-induced signals [11,12,18]. CD19 acts as a
critical co-receptor for BCR signal transduction [13,21].
As BCR signaling requires protein tyrosine kinase (PTK)
activation, CD19 recruits and amplifies the activation of
Src-family protein tyrosine kinases such as Lyn and Fyn
[9,13,22]. Upon BCR activation, CD19 also enhances
BCR-induced signaling crucial for B cell expansion,
through recruitment and activation of PI3K and down-
stream Akt kinases [23].
The CD19/CD21 complex is also capable of, independ-

ent of the BCR, reacting and binding to activated
complement fragment C3d. This complex subsequently
translocates into membrane “lipid rafts” domains, where
tyrosine phosphorylated CD19 can then interact with
co-localized kinases in the membrane to modulate BCR
signaling [24]. Normally, more CD19 is found associated
with CD21 than in complex with BCR, and a dramatic
increase in B-cell activation results from the simultan-
eous binding of surface antigen by B-cell Ig and of C3d
by CD21. Studies also showed that CD19 does not
require CD21 for signal transduction, and CD19/21
complex signaling is induced by the binding of C3d to
CD21 [13,14].
CD81 functions as a part of the tetraspanin web as

well as a chaperone protein. It provides docking sites for
molecules involved in various signal transduction
pathways, and is important for the expression of CD19.
CD19 expression in B cells of CD81−/− mice were found
to be ~30–50% of that in wild type (WT) mice, while ex-
pression of CD21 and the BCR were at their respective
WT levels [25,26]. CD19/CD38 have been shown to co-
localize in lipid rafts and physically interact with another
surface antigen receptor, CD38, in mice B cell. The two
receptors have been shown to be a part of the B cell
signaling complex [24,25]. In vivo, CD81-deficient mice
show reduced CD19 expression and overall B cell signal-
ing. In the absence of CD81 expression, CD19 expres-
sion is halved [11].
CD19 is thought to play duel roles in B cell activation.

First, it functions as an adaptor protein to recruit cyto-
plasmic signaling proteins to the membrane. Experi-
ments have shown that CD19 tyrosine residues are
phosphorylated. The tyrosine phosphorylated CD19 can
recruit SH2 domain–containing cytosolic proteins after
ligation with the BCR. The second role of CD19 is as a
signal subunit for the CD19/CD21 complex when colli-
gated with the BCR, where Ag bearing complement
enhances B-cell activation via BCR-CD19/CD21 coliga-
tion [4,12,21,27].
In addition, CD19 is involved with, though not essen-

tial, in the regulation of bone marrow development
through its actions on bone marrow cells via altering
BCR signals [12]. Others have proposed a critical role
for CD19 in the process of B cell development from
their early differentiation events in the bone marrow to
late maturation steps in the spleen [13]. In developing B
cells, CD19 is capable of modulating signal thresholds
independent of the BCR. In fact, CD19 signaling may
play a role in controlling the progression of early pre-B
to small, resting pre-B cells in the bone marrow by asso-
ciating with components of the pre-BCR.

CD19 transgenic mice (hCD19TG)
CD19 overexpression has been studied through use of
hCD19TG mice which express a human CD19 trans-
gene. Phenotypic analysis of hCD19TG mice show that
CD19 overexpression is associated with a dramatic
reduction (>80%) in the number of peripheral B cells,
primarily due to impaired generation and early develop-
ment of immature precursors in the bone marrow.
B cells of hCD19TG show a gene dosage dependent

increase in proliferation in response to mitogens such as
lipopolysaccharide (LPS), with homozygotes showing a
much more dramatic increases in proliferation than that
seen in CD19TG+/− heterozygous mice. B cells from
hCD19TG +/+ mice also showed higher background
proliferation, and survived longer than control cells in
culture without any mitogen stimulation.
Although hCD19TG mice have significantly reduced

numbers of peripheral B cells, they show an overall
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increase in serum immunoglobulin levels (~40% in-
crease), but skewed responses of different immuno-
globulin isotypes: IgG2b levels increased by 168%, IgG3
levels decreased by 77%, and IgA levels remaining
relatively unchanged. CD19 overexpression therefore
increases B cell sensitivity to transmembrane signaling
and augments the overall susceptibility of B cells to
induced differentiation. The increase in B cell surface
receptor expression may feedback to inhibit the develop-
ment of bone marrow B precursors, linking overexpres-
sion to the observed decrease in peripheral B cells.

CD19 −/− mice
In contrast to hCD19TG mice, CD19 deficient mice is
associated with defects in later stages of B cell growth
and maturation that take place in the spleen and periph-
eral lymph tissues. CD19 deficiency had no significant
effect on the number of B cell precursor in the bone
marrow, nor on the size and morphology of B cells.
CD19−/− mice instead show dramatic reductions in the
total number and frequency of peripheral and splenic B
cells, especially of B1 cells, a B cell subtype found in the
peritoneal cavity that normally express higher IgM levels
than conventional B ( B2) cells, and low levels of IgD.
The B cells obtained from the peritoneum of CD19 −/−
mice predominantly expressed high levels of both IgM
and IgD.
The proliferative capacity of B cells in CD19 −/− mice

is consistently reduced in response to stimulation by a
range of LPS (mitogen) concentration, as well as in
response to antibody cross-linking of surface IgM. CD19
is not required for clonal expansion, and B cells in CD19
deficient mice are able to proliferate and differentiate
into plasma cells, albeit at reduced rates, consistent
across all mitogen concentrations tested.
Unlike the skewed response of Ig isotypes in

hCD19TG mice, levels of all immunoglobulin isotypes
were significantly reduced in the CD19 −/− mice. The
overall 77% reduction in Ig levels is primarily contribu-
ted to changes in the frequency of B cell differentiation,
not the decrease of peripheral B cell numbers. In par-
ticular, the dramatic reduction of IgG1 (86% decrease)
and IgG2a (84% decrease) hints that interactions be-
tween B cell and T cell, which facilitate these Ig isotypes,
are particularly affected in CD19 deficiency. The reduced
susceptibility to transmembrane signaling and lowered
rates of proliferation in CD19 −/− mice leads to decreased
formation of second follicles, germinal centers, and overall
reduced ability of effective humoral immunity in response
to T cell dependent antigen [28]. In CD19-deficient mice,
loss of splenic marginal zone B cells has been observed, as
well as significant deficiencies in specific peripheral B-cell
subsets [12,13]. Furthermore, since CD19 is important
both for B cell activation of T cell dependent antigen, as
well as for B cell maturation and memory cell selection,
mature CD19−/− B cells are profoundly deficient in
responding to antigens that require T-cell help [13,27].
Selectively silencing CD19 expression by siRNA knock-

down experiments leads not only to complete inhibition of
CD19-mediated calcium fluxes, but also a total halt in
CD38 signaling, without affecting the surface expression of
CD38 [24,25]. These data provide additional support that
CD19 is the main co-receptor in human B cells.
The critical importance has garnered CD19 the title of

being a rheostat – for its crucial roles in the normal
expansion and function of the peripheral B-cell pool [9].
It contributes to maintaining the balance between
humoral, antigen-induced response and tolerance induc-
tion, as even small modulations in CD19 expression can
impact B cell signaling thresholds and dramatically affect
the sensitivity and specificity of B cell mediated immun-
ity [14,28,29].

Disease association
The importance of CD19 can be seen through case stud-
ies as well as various studies of CD19-deficient mice.
CD19-deficient humans and mice exhibit hyporespon-
siveness to transmembrane signals, and weak T cell-
dependent humoral responses, leading to an overall
impaired humoral immune responses [9,17]. Homozy-
gous frame shift mutations of the cd19 gene have been
documented to result in truncation of the three key
cytoplasmic tyrosine residues. Patients with this type of
CD19 gene mutations showed normal numbers of pre-
cursor and total B cells, but decreased numbers of CD27
+ memory B cells and CD5+ B cells. Their B cells exhibit
normal levels of CD81 and CD225, but decreased CD21
and very low to undetectable CD19. The patients de-
velop hypogammaglobulinemia, showing impaired anti-
gen-induced BCR response and poor antibody response
to rabies vaccination, as well as increased susceptibility
to infection [18].
Studies showed that autoimmunity in CD19 transgenic

mice depends on MHC class II expression [19]. This led
to hypothesis that CD19 may play an important role in
in vivo modulation of MHC class II expression and
signaling. Such discoveries have led to mounting interest
in CD19 as a potential immunotherapy target for various
autoimmune disorders, including rheumatoid arthritis
and multiple sclerosis.
Though it is not known if CD19 contributes directly

to B cell carcinogenesis, its expression is highly con-
served on most B cell tumors [17]. It is expressed in
most acute lymphoblastic leukemias (ALL), chronic
lymphocytic leukemias (CLL) and B cell lymphomas
[30]. In fact, the majority of B cell malignancies express
CD19 at normal to high levels (80% of ALL, 88% of B
cell lymphomas and 100% of B cell leukemias) [9]. Other
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B cell malignancies, in contrast, show diminished CD19
levels [31,32]. Although CD19 expression is observed in
normal plasma cells, malignant plasma (myeloma) cells
isolated from multiple myeloma patients have been
shown to lack CD19 expression, while isolates from pre-
myeloma patients show a mix of both CD19- and CD19
+ plasma cells [33]. CD19 levels can potentially be useful
as a diagnostic tool in distinguishing certain lymphoma
subtypes. Follicular lymphoma, for example, has lower
CD19 level more frequently than any other lymphoma
subtypes. Low CD19 is also more common in CD10-
positive than in CD10-negative diffuse large B cell
lymphoma (DLBCL) [31].
Interestingly, CD19, though a B cell hallmark, has also

been observed in cases of myeloid malignancies, includ-
ing in 2% of AML cases. Rare cases of CD 19-expressing
myeloblastic leukemia (AML-M2) in fact lack any mye-
loid surface antigens [34,35].
Recent studies have constructed one model of lympho-

magenesis involving CD19 and the proto-oncogene
c-Myc. A positive feedback pathway in which upregu-
lated CD19 expression and phosphorylation, induced by
constitutive c-Myc overexpression, serve to further pro-
mote and stabilize c-Myc signaling, whose downstream
effectors include important cell cycle regulators like
cyclin D2. Dysregulation in these regulators subsequently
enhance lymphomagenesis. Using transgenic c-Myc
mice, these studies have shown that CD19 expression,
although not required for the malignant transformation
in c-Myc–derived lymphomas, accelerates lymphoma-
genesis and is associated with increased disease severity.
On the other hand, c-myc transgenic mice with CD19
deficiency, as compared to those expressing CD19,
exhibited reduced malignancies and significantly higher
(>80%) increase in survival and life spans [17].

CD19 monoclonal antibodies for lymphoma and
leukemia therapy
CD19 monoclonal antibodies have been explored for
lymphoma therapy. Unconjugated mouse IgG2a anti-
CD19 monoclonal antibody (mAb) was studied in six
patients with progressive B cell lymphoma. The dosage
ranged from 225 mg to 1000 mg. Transient reduction of
tumor cells were seen. One patient achieved partial
remission twice [36]. Following the study, the mAb was
combined with interleukin-2 to treat 7 patients with
low grade lymphoma. More tumor cell reduction was
achieved in this study [37].
An immunotoxin conjugate of anti-B4-blocked ricin

(Anti-B4-bR) was studied as adjuvant therapy for
patients with B-cell non-Hodgkin's lymphoma (NHL) in
complete remission (CR) after autologous bone marrow
transplantation [38]. Forty-nine patients post-autologous
stem cell transplantation received the immunotoxin at a
dose of 30 microg/kg daily for 7 days by continuous i.v.
infusion.Thirty one patients received two or more
courses at 14-day intervals. The mean serum level on
day 7 with the first course was found to be 0.77+/−0.41
nM. Twenty three patients developed human antimouse
antibody and/or human anti-ricin antibody at a median
of 22 days from the initiation of Anti-B4-bR therapy
(range, 11–100 days).
A bi-specific T-cell engaging (BiTEW) antibody, blina-

tumomab, was engineered to direct cytotoxic T-cells to
B-cells expressing CD19. An open-label, multicenter,
single-arm, exploratory phase II trial was conducted to
evaluate efficacy and safety of BiTE in adult patients
with relapsed /refractory B-precursor ALL. Blinatumo-
mab was given at 15 μg/m2/day as continuous intraven-
ous infusion for 28-days followed by a 14-day rest. A
total of up to 5 cycles of blinatumomab treatment was
given to responding patients at one of three dose levels.
A total of 18 patients were enrolled at the last update in
2011. Twelve out of 18 patients (RR 67%) have achieved
a complete remission within the first 2 cycles. These
responders included 3 patients with t(4;11) and 1 patient
with Ph-positive B-precursor ALL. Four responders
proceeded to allogeneic HSCT. Major adverse events
included pyrexia, chills, disseminated intravascular co-
agulation /cytokine release syndrome leading to treat-
ment discontinuation, as well as fully reversible CNS
serious adverse events. Adding a cytoreductive pre-
phase and implementing a lower initial dosing at 5 μg/
m2/day in cohort 2a during the first week eliminated fur-
ther treatment discontinuations. There were no treat-
ment related deaths. A maintenance dose of 30μg/m2/
day in cohort 2b increased the number of adverse
events. Therefore, cohort 2a was selected for further
clinical development in this patient population [39].
SAR3419 (huB4-DM4) is a novel antibody-drug conju-

gate [40]. A humanized IgG1 anti-CD19 monoclonal
antibody was conjugated to a maytansine derivative
DM4 through a cleavable disulfide-bond linker [41].
DM4, the maytansine derivative, is a potent tubulin in-
hibitor, which is specifically directed to CD19-positive B
cells by the anti-CD19 mAb. A phase I, open-label,
dose-escalation study of SAR3419 as a single agent was
conducted as a first-in-human trial [42]. SAR3419 was
administered intravenously every three weeks for up to
six cycles to 39 patients with relapsed CD19+ B-cell
lymphoma. Dose levels ranged from 10 to 270 mg/m2.
The dose-limiting toxicities occurred in seven patients.
These included severe blurred vision associated with
microcystic epithelial corneal changes. The maximal tol-
erated dose (MTD) was 160 mg/ m2. Twenty-six patients
(74%) showed tumor response; six of those patients
achieved PR or CR. In particular, seven (47%) of 15
patients who had rituximab-refractory disease had tumor
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shrinkage. SAR3419 had an elimination half-life in the
range of 3 to 7 days. Therefore, SAR3419 was shown to
have a safe profile when administered to patients with
relapsed B-cell lymphoma with the MTD at 160 mg/m2.

Conclusion and future directions
CD19 is a biomarker for B cells. CD19 functions as the
dominant signaling component of a multimolecular
complex on the surface of mature B cells, alongside
complement receptor CD21, and the tetraspanin mem-
brane protein CD81 (TAPA-1), as well as CD225. CD19
plays a critical role in maintaining the balance between
humoral, antigen-induced response and tolerance induc-
tion. Clinical development of CD19 monoclonal anti-
bodies, anti-B4-bR, BiTE, and SAR3419 (huB4-DM4) are
still in the early phase. It is forseeable that CD19 mAb
will be widely studied for therapies of lymphoma,
leukemia and autoimmune disorders. Through molecu-
larly engineered chimeric antigen receptor, CD19 direc-
ted immunotherapy for refractory CLL is promising
[43,44]. Further study in controlled trial with more
patients will be critical to validate this approach.

Competing interests
The authors have no relevant conflicts of interest.

Authors’ contributions
All authors have contributed to data preparation, drafting and revising the
manuscripts. All authors have read and approved the final manuscript.

Author details
1Division of Hematology and Oncology, Department of Medicine, New York
Medical College and Westchester Medical Center, Valhalla, NY 10595, USA.
2Bone Marrow Transplantation Center, the First Affiliated Hospital, Zhejiang
University School of Medicine, Hangzhou, China.

Received: 31 October 2012 Accepted: 27 November 2012
Published: 29 November 2012

References
1. Cang S, Mukhi N, Wang K, Liu D: Novel CD20 monoclonal antibodies for

lymphoma therapy. J Hematol Oncol 2012, 5:64.
2. Zhao J, Xu Z, Liu D, Lu Q: Rituximab and new regimens for indolent

lymphoma: a brief update from 2012 ASCO Annual Meeting. Cancer Cell
Int 2012, 12(1):38.

3. Firer M, Gellerman G: Targeted drug delivery for cancer therapy: the
other side of antibodies. J Hematol Oncol 2012, 5(1):70.

4. Carter RH, Barrington RA: Signaling by the CD19/CD21 complex on B cells.
Curr Dir Autoimmun 2004, 7:4–32.

5. Thierry-Mieg D, Thierry-Mieg J: AceView: a comprehensive
cDNA-supported gene and transcripts annotation. Genome Biol 2006,
7(Suppl 1:S12):11–14.

6. Zhou LJ, Ord DC, Omori SA, Tedder TF: Structure of the genes encoding
the CD19 antigen of human and mouse B lymphocytes.
Immunogenetics 1992, 35(2):102–111.

7. Pruitt KD, Tatusova T, Brown GR, Maglott DR: NCBI Reference Sequences
(RefSeq): current status, new features and genome annotation policy.
Nucleic Acids Res 2012, 40:D130–D135. Database issue.

8. Kehrl JH, Riva A, Wilson GL, Thevenin C: Molecular mechanisms regulating
CD19, CD20 and CD22 gene expression. Immunol Today 1994,
15(9):432–436.

9. Tedder TF: CD19: a promising B cell target for rheumatoid arthritis.
Nat Rev Rheumatol 2009, 5(10):572–577.
10. Tedder TF, Isaacs CM: Isolation of cDNAs encoding the CD19 antigen of
human and mouse B lymphocytes, A new member of the
immunoglobulin superfamily. J Immunol 1989, 143(2):712–717.

11. Haas KM, Tedder TF: Role of the CD19 and CD21/35 receptor complex in
innate immunity, host defense and autoimmunity. Adv Exp Med Biol 2005,
560:125–139.

12. Carter RH, Wang Y, Brooks S: Role of CD19 signal transduction in B cell
biology. Immunol Res 2002, 26(1–3):45–54.

13. Del Nagro CJ, Otero DC, Anzelon AN, Omori SA, Kolla RV, Rickert RC: CD19
function in central and peripheral B-cell development. Immunol Res 2005,
31(2):119–131.

14. Sato S: CD19 is a central response regulator of B lymphocyte
signaling thresholds governing autoimmunity. J Dermatol Sci 1999,
22(1):1–10.

15. Bradbury LE, Kansas GS, Levy S, Evans RL, Tedder TF: The CD19/CD21 signal
transducing complex of human B lymphocytes includes the target of
antiproliferative antibody-1 and Leu-13 molecules. J Immunol 1992,
149(9):2841–2850.

16. Fujimoto M, Poe JC, Inaoki M, Tedder TF: CD19 regulates B lymphocyte
responses to transmembrane signals. Semin Immunol 1998,
10(4):267–277.

17. Poe JC, Minard-Colin V, Kountikov EI, Haas KM, Tedder TF: A c-Myc and
Surface cd19 signaling amplification loop promotes B cell lymphoma
development and progression in mice. J Immunol 2012, 189(5):2318–2325.

18. van Zelm MC, Reisli I, van der Burg M, Castano D, van Noesel CJ,
van Tol MJ, Woellner C, Grimbacher B, Patino PJ, van Dongen JJ, et al:
An antibody-deficiency syndrome due to mutations in the CD19 gene.
N Engl J Med 2006, 354(18):1901–1912.

19. Mills DM, Stolpa JC, Cambier JC: Modulation of MHC class II signal
transduction by CD19. Adv Exp Med Biol 2007, 596:139–148.

20. Tedder TF, Inaoki M, Sato S: The CD19-CD21 complex regulates signal
transduction thresholds governing humoral immunity and
autoimmunity. Immunity 1997, 6(2):107–118.

21. Ishiura N, Nakashima H, Watanabe R, Kuwano Y, Adachi T, Takahashi Y,
Tsubata T, Okochi H, Tamaki K, Tedder TF, et al: Differential
phosphorylation of functional tyrosines in CD19 modulates
B-lymphocyte activation. Eur J Immunol 2010, 40(4):1192–1204.

22. Fujimoto M, Fujimoto Y, Poe JC, Jansen PJ, Lowell CA, DeFranco AL, Tedder
TF: CD19 regulates Src family protein tyrosine kinase activation in B
lymphocytes through processive amplification. Immunity 2000,
13(1):47–57.

23. Chung EY, Psathas JN, Yu D, Li Y, Weiss MJ, Thomas-Tikhonenko A: CD19 is
a major B cell receptor-independent activator of MYC-driven
B-lymphomagenesis. J Clin Invest 2012, 122(6):2257–2266.

24. Deaglio S, Vaisitti T, Billington R, Bergui L, Omede P, Genazzani AA, Malavasi
F: CD38/CD19: a lipid raft-dependent signaling complex in human B
cells. Blood 2007, 109(12):5390–5398.

25. Vences-Catalan F, Rajapaksa R, Levy S, Santos-Argumedo L: The
CD19/CD81 complex physically interacts with CD38 but is not
required to induce proliferation in mouse B lymphocytes. Immunology
2012, 137(1):48–55.

26. Cherukuri A, Shoham T, Sohn HW, Levy S, Brooks S, Carter R, Pierce SK: The
tetraspanin CD81 is necessary for partitioning of coligated
CD19/CD21-B cell antigen receptor complexes into signaling-active lipid
rafts. J Immunol 2004, 172(1):370–380.

27. Rickert RC, Rajewsky K, Roes J: Impairment of T-cell-dependent B-cell
responses and B-1 cell development in CD19-deficient mice.
Nature 1995, 376(6538):352–355.

28. Engel P, Zhou LJ, Ord DC, Sato S, Koller B, Tedder TF: Abnormal B
lymphocyte development, activation, and differentiation in mice that
lack or overexpress the CD19 signal transduction molecule.
Immunity 1995, 3(1):39–50.

29. Carter RH, Fearon DT: CD19: lowering the threshold for antigen receptor
stimulation of B lymphocytes. Science 1992, 256(5053):105–107.

30. Cooper LJ, Al-Kadhimi Z, DiGiusto D, Kalos M, Colcher D, Raubitschek A,
Forman SJ, Jensen MC: Development and application of CD19-specific T
cells for adoptive immunotherapy of B cell malignancies. Blood Cells Mol
Dis 2004, 33(1):83–89.

31. Yang W, Agrawal N, Patel J, Edinger A, Osei E, Thut D, Powers J, Meyerson
H: Diminished expression of CD19 in B-cell lymphomas. Cytometry B Clin
Cytom 2005, 63(1):28–35.



Wang et al. Experimental Hematology & Oncology 2012, 1:36 Page 7 of 7
http://www.ehoonline.org/content/1/1/36
32. Ginaldi L, De Martinis M, Matutes E, Farahat N, Morilla R, Catovsky D: Levels
of expression of CD19 and CD20 in chronic B cell leukaemias.
J Clin Pathol 1998, 51(5):364–369.

33. Ishikawa H, Tsuyama N, Mahmoud MS, Fujii R, Abroun S, Liu S, Li FJ, Kawano
MM: CD19 expression and growth inhibition of tumours in human
multiple myeloma. Leuk Lymphoma 2002, 43(3):613–616.

34. Tsuchiya H, ElSonbaty SS, Nagano K, Watanabe M, Migita M, Mitsubuchi H,
Kaneko Y, Matsuda I: Acute myeloblastic leukemia (ANLL-M2) with t(8;21)
(q22;q22) variant expressing lymphoid but not myeloid surface antigens
with a high number of G-CSF receptors. Leuk Res 1993, 17(4):375–377.

35. Khalil SH, Jackson JM, Qari MH, Pyle H: Acute myeloblastic leukemia
(AML-M2) expressing CD19 B-cell lymphoid antigen without myeloid
surface antigens. Leuk Res 1994, 18(2):145.

36. Hekman A, Honselaar A, Vuist WM, Sein JJ, Rodenhuis S, ten Bokkel Huinink
WW, Somers R, Rumke P, Melief CJ: Initial experience with treatment of
human B cell lymphoma with anti-CD19 monoclonal antibody.
Cancer immunology, immunotherapy: CII 1991, 32(6):364–372.

37. Vlasveld LT, Hekman A, Vyth-Dreese FA, Melief CJ, Sein JJ, Voordouw AC,
Dellemijn TA, Rankin EM: Treatment of low-grade non-Hodgkin's
lymphoma with continuous infusion of low-dose recombinant
interleukin-2 in combination with the B-cell-specific monoclonal
antibody CLB-CD19. Cancer immunology, immunotherapy: CII 1995,
40(1):37–47.

38. Grossbard ML, Multani PS, Freedman AS, O'Day S, Gribben JG, Rhuda C,
Neuberg D, Nadler LM: A Phase II study of adjuvant therapy with
anti-B4-blocked ricin after autologous bone marrow transplantation for
patients with relapsed B-cell non-Hodgkin's lymphoma. Clinical cancer
research: an official journal of the American Association for Cancer Research
1999, 5(9):2392–2398.

39. Topp MS, Goekbuget N, Zugmaier G, Viardot A, Stelljes M, Neumann S,
Horst HA, Reichle A, Marks RE, Brueggemann M, et al: Anti-CD19 BiTE
Blinatumomab induces high complete remission rate in adult patients
with relapsed b-precursor all: updated results of an ongoing Phase II
Trial. ASH Annual Meeting Abstracts 2011, 118(21):252.

40. Al-Katib AM, Aboukameel A, Mohammad R, Bissery MC, Zuany-Amorim C:
Superior antitumor activity of SAR3419 to rituximab in xenograft models
for non-Hodgkin's lymphoma. Clinical cancer research: an official journal of
the American Association for Cancer Research 2009, 15(12):4038–4045.

41. Blanc V, Bousseau A, Caron A, Carrez C, Lutz RJ, Lambert JM: SAR3419: An
Anti-CD19-Maytansinoid Immunoconjugate for the Treatment of B-Cell
Malignancies. Clin Cancer Res 2011, 17(20):6448–6458.

42. Younes A, Kim S, Romaguera J, Copeland A, Farial Sde C, Kwak LW, Fayad L,
Hagemeister F, Fanale M, Neelapu S, et al: Phase I multidose-escalation
study of the anti-CD19 maytansinoid immunoconjugate SAR3419
administered by intravenous infusion every 3 weeks to patients with
relapsed/refractory B-cell lymphoma. Journal of clinical oncology: official
journal of the American Society of Clinical Oncology 2012, 30(22):2776–2782.

43. Kalos M, Levine BL, Porter DL, Katz S, Grupp SA, Bagg A, June CH: T cells
with chimeric antigen receptors have potent antitumor effects and can
establish memory in patients with advanced leukemia. Sci Transl Med
2011, 3(95):95ra–73.

44. Porter DL, Levine BL, Kalos M, Bagg A, June CH: Chimeric antigen
receptor-modified T cells in chronic lymphoid leukemia. N Engl J Med
2011, 365(8):725–733.

doi:10.1186/2162-3619-1-36
Cite this article as: Wang et al.: CD19: a biomarker for B cell
development, lymphoma diagnosis and therapy. Experimental
Hematology & Oncology 2012 1:36.
 Submit your next manuscript to BioMed Central

and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	CD19 gene and antigen
	Kinetics of CD19 expression
	Physiological function
	CD19 transgenic mice (hCD19TG)
	CD19 -/- mice
	Disease association
	CD19 monoclonal antibodies for lymphoma and leukemia therapy
	Conclusion and future directions
	Competing interests
	Authors’ contributions
	Author details
	References

