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ABSTRACT

Long-term multilineage hematopoietic donor chimerism occurs sporadically in patients who
receive a transplanted solid organ enriched in lymphoid tissues, such as the intestine or liver.
Graft-versus-host (GvH)-reactive donor T cells were found to promote engraftment of graft-
derived hematopoietic stem cells (HSCs) by making space in the bone marrow. We report here
full (>99%) multilineage, donor-derived hematopoietic chimerism in a pediatric kidney
transplant recipient with a syndromic combined immune deficiency, leading to transplant
tolerance. There is currently no evidence for the presence of kidney-resident hematopoietic
stem cells in any mammal species. We found, however, that human kidney-derived HSCs took
up long-term residence in the recipient’s bone marrow and gradually replaced their host
counterparts leading to blood type conversion and to full donor chimerism in both lymphoid
and myeloid lineages. These findings highlight the existence of human kidney-derived HSC

with self-renewal ability able to support multilineage hematopoiesis.

KEYWORDS
Kidney allograft
Hematopoietic Stem and Progenitor Cells

Chimerism



Landmark Communications

INTRODUCTION

Schimke immune-osseous dysplasia (SIOD) is a rare autosomal recessive disorder caused by
biallelic variants in the SMARCALI gene (SWI/SNF2-related, matrix-associated, actin-
dependent regulator of chromatin, subfamily a-like 1). SMARCALI1 plays a key role in
maintaining DNA integrity, while its deficiency entails a systemic syndrome encompassing
spondyloepiphyseal dysplasia, short stature, kidney failure, primary combined immune
deficiency and accelerated arteriosclerosis 2. SIOD-related renal impairment, resulting from
podocyte dysfunction, includes different forms of focal segmental glomerulosclerosis that
progress to end stage renal disease (ESRD) at an average age of 8.7 years 2. The hallmark
features of SIOD-associated combined immune deficiency include fluctuating lymphocyte
counts below normal ranges, low thymic output, reduced naive T cell compartments, defective
IL-7Ra expression, as well as B- and NK-cell dysfunction 3.

HSCT (hematopoietic stem cell transplantation) represents the primary treatment for several
severe forms of CID #. After conditioning, CD34+ hematopoietic stem and progenitor cells
(HSPCs) are transplanted, and engraftment of the most immature hematopoietic stem cells
(HSCs) in the bone marrow (BM) supports full immune reconstitution. HSCT, prior to or
combined with kidney transplantation, may appear to be the ideal strategy in SIOD patients to
tackle simultaneously ESRD and immune deficiency °. However, the outcomes of HSCT were
reportedly very poor with SIOD °, following conventional cytoreductive conditioning, being
much lower than those usually observed in patients with common primary immunodeficiency
syndromes *. In addition to the usual threats inherent to HSCT, the SIOD-related debilitated
state (i.e. advanced or terminal renal failure, cerebrovascular events, increased sensitivity to
genotoxic drugs) may account for the high mortality rate. In this respect, the recent report of 3

SIOD patients, in whom the sequential T-cell- and B-cell- depleted HSCT, after reduced
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conditioning, and kidney transplant from the same donor, induced full hematopoietic chimerism
and transplant tolerance, has the potential to be a game-changer °.

However, before this recent study offered a new therapeutic avenue, isolated kidney
transplantation had long been recognized as a suitable first-line therapeutic strategy, in the
absence of profound T-cell defect. Here, we report a case of an SIOD patient who developed
multilineage, sustained donor hematopoietic chimerism and transplant tolerance after an

isolated kidney transplantation.

SHORT METHODS:

Hematopoietic chimerism:

Monoclonal HLA class I allele-specific antibodies were used to discriminate HLA-A23+ (clone
BIH0964) donor and HLA-A2+ (clone FHO037, One Lambda, Canoga Park, CA) recipient
cells, in combination with pan-HLA class I antibodies, as previously reported ”-8. Donor’s and
recipient’s HLA types are shown in Table S1. Donor (KMRO045)- and recipient (KMR047)-
specific single nucleotide polymorphisms (SNPs) were also quantified in blood and bone
marrow cells using quantitative polymerase chain reaction (KMRtype® and KMRtrack®

chimerism monitoring reagents, GenDx, Utrecht, Netherlands).

STREC measurement;

sjTRECs were quantified as described previously (online supplemental methods) °.

HSPC phenotyping:
Patient hematopoietic stem and progenitor cells (HSPCs) were characterized from a 10-color

multilabeled panel using the antibody described in online supplemental methods. Staining was
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analyzed on a spectral flow analyzer (Sony SP6800) and the gating strategy presented in

Figure2A.

Cytokine measurement:
Cytokine levels were measured from bone marrow supernatant, and the acquisitions were
performed through SIMOA technology on Sp-X (Quanterix) for IFN-y, IL-12p70, IL-1p, IL-4,

IL-5, IL-6, IL-8, IL-22, TNF-a and IL-10 and on HD-X (Quanterix) for IL-18, respectively.

TCR beta sequencing and repertoire analysis:
TCR repertoire analysis were performed as described previously (online supplemental

method)!°.

Ethical considerations:
The investigations and tailored therapies undertaken in the patient were approved by the local
Institutional Review Board (CENEM 2018-OB, 05/05/2018) and consented by the legal

representatives (parents) after written information.

RESULTS

Multilineage donor hematopoietic chimerism following kidney transplantation

The patient was a 3-year-old boy with SIOD who progressed to end-stage renal disease and
received a first kidney transplant from a 25-year-old male, HLA-mismatched, deceased donor
three months later (Figure S1). His immunosuppressive regimen included basiliximab induction
therapy, and then tacrolimus, azathioprine and steroids. Epstein-Barr virus and cytomegalovirus
serostatuses were both donor-positive and recipient-negative. Hence, he was given two pulses
(375 mg/m?) of rituximab and daily valganciclovir as prophylaxis against Epstein-Barr virus-

driven posttransplant lymphoproliferative disorder and cytomegalovirus infection, respectively.
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In the context of combined immune deficiency, the persistence of profound T-cell lymphopenia
led to azathioprine, prednisone and tacrolimus withdrawal at post-operative day (POD) 20, 31
and 81, respectively (Figure S1). At 3 months post-transplant, within the week following
complete immunosuppressive drug withdrawal, he developed a febrile acute grade III GVHD,
with skin rash, diarrhea and elevated levels of liver enzymes (Figure S1), concurrent with high
donor chimerism among circulating T cells. Steroids and tacrolimus therapies were resumed on
POD94 and POD104, respectively. High-dose steroids resulted in fever clearance and the
resolution of skin lesions. However, the cholestasis and cytopenia worsened upon steroids,
prompting initiation of an innovative cell-free donor-specific plasma therapy that successfully
obtained the remission of acute GVHD, as previously reported 7. As he recovered from GVHD-
induced aplasia 7, his blood cell counts sharply increased and were maintained within normal
ranges thereafter (Figure S2). Donor chimerism remained highly prominent among circulating
T cells following GVHD remission (Figure 1A-B). More surprisingly, full chimerism was
observed in all lymphoid and myeloid blood cell lineages (Figures 1A-C) and confirmed by
molecular biology in total blood (Figure 1D). Additionally, the Rhesus C red blood cell antigen
type changed to the donor type between POD131 and POD219 (Figure 1E). Given the
tolerogenic state of full donor chimerism, immunosuppression was progressively tapered down.
However, mild cholestasis and biopsy-proven chronic GVHD of the liver (POD361) led to the
increase of steroid and tacrolimus dosing (Figures S1 and S2). Tacrolimus was definitively
withdrawn at PODS576 after a kidney graft biopsy had unveiled histologic features of calcineurin
inhibitor-related nephrotoxicity (Figures S1 and S2). Importantly, the graft biopsy performed
at POD501 was free of rejection (Figure S1). Steroids were definitively stopped at POD761,
but the persistence of mild histological features of liver GVHD (POD740) required to continue

azathioprine until POD864. The 3-year glomerular filtration rate was measured at 76
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ml/mn/1.73m?2. At last follow-up (POD1542), the creatinine level was 0.33 mg/dL, while no

protein was detected in the urine.

Donor-derived T and B-cell ontogeny

We next questioned whether immune reconstitution was associated with the emergence of
donor-derived naive T and B cells. At POD143, CCR7+ CD45RA+ naive T cells were barely
identified among the circulating donor T cells (Figure 1F), in keeping with the recirculation of
alloreactive graft-derived memory T cells. However, the T-cell phenotype changed afterward,
with an increasing frequency of naive T cells of donor origin (Figure 1F, supplemental Table
S2). Notably, sjTRECs (signal joint T-cell receptor excision circles) were not detected in the
early posttransplant course, yet reached levels comparable to those of healthy donors at
POD912 (Figure 1G). This indicates the appearance of recent thymic emigrants '!. Similarly,
as the patient recovered from B-cell Ilymphopenia (POD311), transitional
(CD19+CD24++CD38++) circulating B cells (Figure 1H) were all of donor origin (Figure 1B).
Subsequent emergence of CD27+ IgD- memory B cells, along with normal IgM, IgA and 1gG
levels, further established the recovery of immune functions (Figure 1H, Table S2). The patient
completed his full vaccination schedule (Figure S1). Subsequent functional assays established
immune responses to vaccines, including tetanus toxin-specific T cell proliferation, as well as
anti-HBs, anti-VZV, and anti-pertussis toxin antibodies (Figure S1). Overall, these findings
strongly suggested that donor-derived HSPCs were able to support hematopoiesis and immune

reconstitution in the recipient.

Long-term residence of kidney-derived HSPCs in the recipient’s bone marrow
Bone marrow (BM) aspiration was performed at PODI156 because of persistent

thrombocytopenia. We seized the opportunity to examine the presence of kidney-derived HSCs
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contributing to full hematopoiesis reconstitution. Magnetically sorted CD34+ cells were
phenotyped to fully characterize the different HSPC subpopulations (Figure 2A). Donor
chimerism was measured at approximately 96% in BM CD34+ HSPCs by both quantitative
PCR and flow cytometry (Figure 2B). Donor chimerism, however, varied greatly throughout
the hematopoietic differentiation hierarchy (Figures 2A-B). Importantly, host-derived cells still
accounted for 72% of the most immature HSCs. However, the host-derived cell contribution
dropped to 42% in the downstream multipotent progenitors (MPPs) and far less among the more
committed progenitors (Figure 2B). One year later, HSPCs of recipient origin were barely
detected, except in the MPPs (Figure 2C).

We inferred that kidney-derived HSCs, with multilineage differentiation potential and self-

renewal capacities, had taken up long-term residence in the recipient’s BM.

Shift from narrowed to broad donor-derived T-cell repertoire
A recent report in intestinal transplant recipients showed that the presence of GvH-reactive T-
cell clones in the BM correlated with the engraftment of donor CD34+4+ HSPCs and sustained

mixed chimerism !2

. To address this latter hypothesis, we next investigated the repertoire
distribution and diversity of circulating T cells. We studied TCRVf repertoires at early
(POD156/165) and late (PODS521) time points, when the donor cell frequency was greater than
96 and 99%, respectively. Notably, in the early posttransplant course, the TCR3 VDJ repertoire
was characterized by a few dominant clones detected in both the blood and BM (Figure 3A).
Two clones, sharing the same V11-3 and J1-1 alleles, had a cumulative frequency greater than
70%. Given the low frequency of recipient-derived T cells, as evidenced by flow cytometry
analysis, we inferred that these dominant clones were of donor origin. They accounted for a

large repertoire overlap (more than 80%) between blood and BM compartments (in gray, Figure

3B). This highly skewed TCR repertoire was consistent with an antigen-driven expansion of T
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cells. The accumulation of these few clones, associated with increased levels of inflammatory
cytokines (IL-18 and IFN-y) in the bone marrow, targeted by GVHD, strongly suggested than
these clones had reactivity against host antigens (Figure 3C). Notably, bone marrow IL-18 and
IFN-y levels declined on PODS521, in sharp contrast with the increased level of the
immunoregulatory cytokine IL-10 (Figure S3), meanwhile circulating graft-derived clones
were much less prominent (Figures 3C and 3D). As a fact, one year later, the clonal size
distribution had become far more homogeneous (Figure 3D). We observed the emergence of
1598 new individualized clonotypes (Figure 3E) and increased Shannon diversity (Figure 3F)
of the circulating TCRf3 repertoire compared with one year earlier. Growing thymic output

progressively diversified the T-cell repertoire.

DISCUSSION

The intestine contains a high burden of donor lymphoid tissues. Therefore, hematopoietic
chimerism and GVHD are reportedly at higher rates after intestinal transplantation than after
any other organ transplantations !>!4, In contrast, GVHD has rarely been reported after kidney
transplantation '>!¢. Kidney-resident T cells are supposedly far outnumbered by the numerous
recipient T cells. However, in SIOD patients, immune cells are not only present in low numbers
but are also overly sensitive to immunosuppressive drugs, especially genotoxic agents that
damage DNA 3. Hence, the immunosuppressive regimen, including a drug interfering with
purine synthesis, like azathioprine or mycophenolate mofetil, may tip the balance toward donor
T cells after transplantation by further impairing the proliferation of SIOD immune cells.
Sustained mixed chimerism can spontaneously occur after liver 7, intestinal and multivisceral
812,18 transplantation, resulting from the ability of donor HSPCs originating from hematopoietic

18

tissues present in the transplanted organ to repopulate recipient bone marrow '°. There is

however no evidence for the presence of kidney-resident hematopoietic stem cells in any

10
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mammal species, unlike in teleost fish 1°. To our knowledge, the present case is the first
evidence that a human kidney contains enough HSCs to support long-term and multilineage
hematopoiesis. The extensive blood washout during organ procurement does not support the
intravascular origin of donor-derived CD34+ HSCs. Instead, it suggests the presence of kidney
HSCs able to recirculate after transplantation. Notably, cells expressing hallmark primitive
HSC markers were recently identified through single-cell transcriptomic analysis in human fetal
kidneys from two individuals ?°. Furthermore, extramedullary HSPC reservoirs are increasingly
recognized and well-characterized in humans '¥2!. Whether HSCs reside in specific niches or
transiently pass through renal parenchyma has yet to be determined. Importantly,
ischemic/hypoxic preconditioning was found to enhance the mobilization and recruitment of
bone marrow HSC into peripheral ischemic tissues ?2. In the present case, ischemic stress might
have occurred in the donor before organ procurement leading to the accumulation of HSCs in
the kidneys. We cannot firmly exclude either that HSCs could have egressed from extra-renal
lymphopoietic tissue, implanted along with the kidney, such as hilar lymph nodes. Overall, this
breakthrough finding warrants further investigation to identify the phenotype, origin, frequency
and localization of kidney-derived HSCs.

Spontaneous achievement of a full donor hematopoietic chimerism allowed complete
discontinuation of immunosuppressive drugs. In the present case, cautious and slow drug
tapering was more dictated by the persistence of mild GVHD symptoms than by the risk of
graft rejection. Several protocols have successfully obtained mixed-chimerism-based transplant
tolerance through combined kidney and hematopoietic cell transplantation 2324, Notably, in
non-immunodeficient recipients, full donor chimerism was successfully obtained across HLA
barrier, despite the use of nonablative conditioning regimen, by exploiting the ability of graft-
vs-host reactive T cells to support donor HSCs engraftment 223, The present case extends this

concept by showing that graft-derived donor T cells can spontaneously promote hematopoietic

11
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chimerism after an isolated kidney transplantation, at least in a young SIOD patient. However,
this therapeutic approach takes a significant toll, as it may expose patients to life-threatening
GVHD 2. In this respect, the recent report from Bertaina and coll. is groundbreaking ?*. The
use of af T-cell- and CD19+ B cell-depleted HSCT, following a reduced-intensity
conditioning, was able to induce GVHD-free full chimerism in 3 SIOD recipients, resulting in
transplant tolerance to a subsequent kidney allograft from the same haploidentical donor 6. The
optimal timing of such promising strategy has yet to be determined. In order to avoid the
occurrence of aplasia in children under dialysis, whose management raises significant
challenges, the sequential transplantation could be started ahead of dialysis onset.

Furthermore, our case demonstrates that a limited number of donor HSCs, supposedly very low

within a kidney allograft, can readily outcompete their host counterparts in SIOD patients.

Disclosure statement:

J.Z.1s inventor on the patent that describes the use of donor-specific plasmatherapy in patients

with GVHD after HLA-mismatched transplantations.
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Figure 1: Sustained and high levels of multilineage donor chimerism in blood

A) Flow cytometry contour plot showing a high level of donor T-cell and monocyte chimerism
persisting after GVHD remission (POD 171). B) Percentage of donor chimerism over time, in
lymphoid cell populations, including B cells (CD19+ CD3-), NK cells (CD56+ CD3-) and T
cells (CD3+). C) Assessment of donor chimerism in the myeloid cell populations through flow
cytometry. Blood cell subsets were defined as follows: platelets (CD41a+), monocytes
(CD11b+ CDI14+ CDI15- CD3-), and neutrophils (CD11b+ CD14- CDI15+ CD3-). D)
Assessment of donor chimerism in whole blood through quantitative polymerase chain reaction.
E) Graduate conversion from 100% recipient (O Rh D+ C+ E- ¢+ e+ K-) to 100% donor (O Rh
D+ C- E- c+ e+ K-) blood type. F) Flow cytometry contour plot showing the change in the
frequency of naive and memory T-cell subsets over time, according to their donor/recipient
origin. G) Molecular measurement of sjTRECs demonstrating the growing thymic output post-
transplant, compared to age-matched HDs (n=20). H) Flow cytometry contour plot showing the
change in the frequency of transitional (CD38++ CD24++), naive (IgD+ CD27-) and memory
(CD27+) B-cell subsets over time.

Abbreviations: D, donor; POD, Postoperative day; R, recipient; HD, healthy donor.

Figure 2: Sustained and high levels of donor chimerism in the bone marrow hematopoietic

progenitor subsets

A) Gating strategy used to study donor chimerism in different bone marrow-resident
hematopoietic progenitors using flow cytometry. Flow cytometry contour plot showing the
frequency of donor cells in each progenitor subset at POD156. HSPCs were gated on
CD34+Lin- and defined as follows: CMP (CD38+ CDI10- CD123dim CD45RA-), DCP

(CD38+ CD10- CD45RA+ CD23+),HSC (CD133+ CD38- CD90+ CD45RA-), MPP (CD133+

13
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CD38- CD90- CD45RA-), MLP (CD133+ CD38- CD90- CD45RA+), BNKP (CD38+ CD10+),
GMP (CD38+ CD10-, CD45RA+ CD123+), and MEP (CD38+ CD10- CD45RA- CD123-). B-
C) Assessment of donor chimerism in bone marrow lineage-negative CD34+ progenitors
through molecular biology and flow cytometry at POD156 (B) and POD521 (C). The
hierarchical organization of hematopoiesis is represented by a handful of lineage-negative
CD34+ progenitors along a branched differentiation pathway.

Abbreviations: BNKP, B and NK progenitors; BM, bone marrow; DCP, dendritic cell
progenitors; CMP, common myeloid progenitor; D, donor; ETP, early thymic progenitors;
FACS, fluorescence-activated single cell sorting; GMP, granulocyte-monocyte progenitors;
HSC, hematopoietic stem cell; MEP, megakaryocyte-erythroid progenitor; MLP, multipotent
lymphoid progenitor; MPP, multipotent progenitor; POD, postoperative day; QPCR,

quantitative polymerase chain reaction; R, recipient.

Figure 3: Shift from narrowed to broad donor-derived T-cell repertoire

A) Circos plots showing the diversity of V3 and JP gene pairing in blood and bone marrow
cells collected at POD165 and PODI156, respectively. B) Cumulative abundance of the
clonotypes identified either in the blood only, in the bone marrow only or in both (overlapping
clones). The absolute number of clonotypes in each category is indicated. (n) C) IL-18 and IFN-
v cytokine quantification in BM plasma at POD156 and POD521 compared to HD BM plasma
(n=3). D) Circos plots showing the diversity of V3 and JP gene pairing in blood cells collected
at POD521. E) Cumulative abundance of the circulating clonotypes identified either at POD165
only, at POD521 only or in both (overlapping clones). The absolute number of clonotypes in
each category is indicated (n). F) The Shannon entropy index quantifies the amount of

information in a variable; the greater the index is, the more diverse the TCR repertoire.

14



Landmark Communications

Figure S1: Clinical features and investigations undertaken during the post-transplant

course

A 3-year-old SIOD patient underwent a first HLA-mismatched kidney transplantation from a
25-year-old male deceased donor, 84 days after dialysis onset. The persistence of a profound
lymphopenia in the early post-transplant course led to azathioprine (Aza.), prednisone (Pred.),
and then tacrolimus (Tac.) withdrawal at POD?20, 31 and 81, respectively. Rash, fever, diarrhea
and increased liver enzymes occurred within a week following tacrolimus discontinuation. The
finding of concurrent high donor chimerism in peripheral blood led to the diagnosis of graft-
vs-host disease (GVHD). The partial response to high-dose steroids prompted a rescue therapy,
based on the administration of donor-specific antibody (DSA)-rich plasma, that dramatically
improved liver, intestinal and bone marrow failures. Yet, a moderate increase in liver enzymes
at one-year post-transplant suggested the persistence of a mild form of liver GVHD that was
confirmed by biopsy on POD361. Interestingly, liver and intestinal biopsies were undertaken
at POD740 as a screening for subclinical GVHD. The former still disclosed a mild
inflammation, despite normal liver enzyme levels, while the latter was unremarkable.
Although DSA were readily detected in patient’s serum following plasma infusion, subsequent
testing for DSA at POD221 and POD1038 was negative. The patient underwent two kidney
allograft biopsies at POD38 and PODS501 that firmly ruled out rejection. However, the latest
biopsy showed extensive interstitial fibrosis suggesting tacrolimus-related nephrotoxicity. The
bone marrow aspirations that were performed at POD156, because of persistent
thrombocytopenia, and later on at POD521, showed reduced megakaryocytes and normal
cellularity, respectively. Following immune reconstitution, he had a complete vaccine schedule,
each shot being indicated by a triangle. Functional assays demonstrated T-cell responses against

pp65 CMYV antigen and tetanus toxin, while he acquired serological responses against HBs,

15
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Varicella Zoster virus, and pertussis vaccines. Administration of immunosuppressive drugs is
indicated with colored bars. Red and brown arrows indicate rituximab pulses and DSA-rich
plasma infusions, respectively.

Abbreviations: Ab, antibody; Aza., azathioprine; DSA, donor-specific antibody; GVHD, graft-
vs-host disease; Haem. B, Haemophilus B; HBs, hepatitis B antigen; IBx, intestinal biopsy;
LBx, liver biopsy; POD, post-operative day; Pred., prednisone; Tac., tacrolimus; TT, tetanus

toxin; VZV, varicella zoster virus.

Figure S2: Laboratory features and immunosuppressive drug dosing during the post-

transplant course

Abbreviations: Bx, biopsy.

Figure S3: Cytokine levels in bone marrow plasma
IL-12p70, IL-1B, IL-4, IL-5, IL-6, IL-8, IL-22, TNF-a and IL-10 cytokine quantification in BM

plasma at POD156 and POD521 compared to HD BM plasma (n=3).

Table S1: Donor’s and recipient’s HLLA types.

Table S2: Immune reconstitution after kidney transplantation.

Reference (or normal) ranges, which are the sets of values within which 95% of measurements
from apparently healthy controls lie, are indicated within brackets. Patient’s values outside the

normal ranges are shown in red fonts.
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Figure S3
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Table S1

n 23 74 65 65 3 3 8 11 5 7 1 5 1 1
“ 2 2 18 35 4 7 1 11 5 7 1 5 2 4



Table S2

Immune Time relative to kidney transplantation (Days)

Features
[normal range] -92 -66 2 38 58 80 164 184 238 290 311 436 576 698 864 1199 1542

0.40 0.15 0.08 0.06 0.06 0.82 0.60 0.32 1.1 3.62 2.89
1.4-3.71 (GIL . . . . . : . . . . .
CD3+ CD4+
[0.7-2.2] (G/L) 0.29 0.12 0.05 0.03 0.03 0.10 0.15 0.07 0.4 0.76 0.85 1.16 1.16 1.79 1.46
CD3+ CD8+
[0.5-1.3] (G/L) 0.07 0.02 0.02 0.02 0.03 0.62 0.38 0.23 0.61 1.19 0.96 1.53 0.84 1.70 1.30
CD45RA+/CD4+
65 52 ND ND ND ND ND ND 39 72 62.9
58-70] (%
CD45RA+
CD31+ /CD4+ 36 41 ND ND ND ND ND ND 32 55 49.7
[43-55] (%)
CD45RA+
CCR7+ /CD8+ 39 74 ND ND ND ND ND 8 8 59 54.8
[52-68] (%)
CD16+ CD56+
[0.1-0.7] (G/L) 0.07 0.02 0.02 0.01 0.02 0.12 0.24 0.19 0.27 0.37 0.36 0.22 0.20
CD19+
[0.32-12.4] (G/L) [BEY 0.60 0 0 0 0 0.02 0.02 0.12 0.35 0.09 0.13 0.52 0.62
igM
[0.54-1.53] (g/L) 0.65 0.44 0.23 0.16 0.13 0.14 0.05 0.37 0.44 0.66 0.76 0.48 0.34 0.52 0.85
IgA
[0.41-1.41] (g/L) 0.84 0.85 0.59 0.43 0.10 0.13 0.09 0.29 0.31 0.85 0.57 1.34 1.93 2.82 4.36

IgG
[5.49-10.19] 111 6.53 6.60 7.40 8.15 12.2 9.86 9.63 11.75 8.29 10.9 9.88 8.97 7.54 10.91




