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Abstract

BACKGROUND

Timely reconstitution of a donor-derived immune system is important for
recovery and long-term survival of patients after allogeneic hematopoietic stem
cell transplantation (HSCT). We describe a case of Wiskott-Aldrich syndrome
(WAS) treated by umbilical cord blood transplantation (UCBT) with atypical
immune reconstruction.

CASE SUMMARY

A 1-year-old Chinese male infant was diagnosed with WAS. WAS gene
sequencing identified the mutation c¢.777 + 1G>A (IVS8). On August 8, 2017, he
was admitted to our hospital for HSCT. We selected an unrelated Human
leukocyte antigen 6/10-matched donor for UCBT. After HSCT, the immune
reconstitution process was atypical, the lymphocytes reached 0.5 x 10°/L on day
23, and the neutrophils reached 0.5 x 10°/ L on day 34. The patient’s recovery
throughout the year was good.

CONCLUSION
An increase in lymphocytes (especially T cells) earlier than granulocytes may be a
marker of a good prognosis in UCBT.

Key words: Umbilical cord blood transplantation; Wiskott—Aldrich syndrome; Immune
reconstruction; Case report

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The timely reconstitution of a donor-derived immune system is of utmost
importance for the recovery and long-term survival of patients after hematopoietic stem
cell transplantation. Here, we describe a case of Wiskott—Aldrich syndrome treated by
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umbilical cord blood transplantation with the atypical process of immune reconstitution.
Our case revealed that an increase in the number of lymphocytes (especially T cells)
earlier than granulocytes may be a marker of a good prognosis in patients. This
experience will guide clinical scientists, especially hematologists, to deal with similar
situations and encourage them to identify more processes that require immune
reconstruction.

Citation: Li BH, Hu SY. Child with Wiskott—Aldrich syndrome underwent atypical immune
reconstruction after umbilical cord blood transplantation: A case report. World J Clin Cases
2019; 7(21): 3622-3631

URL: https://www.wjgnet.com/2307-8960/full/v7/i21/3622.htm
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INTRODUCTION

Wiskott-Aldrich syndrome (WAS) is a rare X-linked recessive immunodeficiency
disorder. The clinical manifestations of WAS are thrombocytopenia and small
platelets, eczema, and recurrent infection!". The gene responsible for this syndrome is
the WAS protein (WASP) gene. Hematopoietic cell transplantation is the only proven
cure for WAS. The unrelated donor umbilical cord blood transplantation (UCBT) is a
good option for patients that do not have a Human leukocyte antigen (HLA)-matched
donor®. The advantage of UCBT is that one can search and prepare umbilical cord
blood on time without delay, and it has a low incidence and severity of graft versus
host disease (GVHD)". However, slow hematopoietic reconstruction and increasing
probability of engraftment failure prevent widespread use of UCBT!. As a result, the
patients who experience slow immune reconstitution are at high risk of infection.
Innate immunity usually recovers within several weeks after transplantation. By
contrast, adaptive immunity recovers more slowly"””.. This delayed engraftment and
immune reconstitution result in higher rates of early post-transplantation infection
complications in UCBT!I. Therefore, identifying the mechanism that regulates
immune reconstitution after transplantation, and developing strategies to enhance
immune reconstitution after UCBT, will significantly improve the efficacy of UCBT.
Here, we report a case of WAS in a 1-year-old Chinese male infant successfully treated
by UCBT with atypical immune reconstruction. The reconstitution of adaptive
immunity in this patient was earlier than that of innate immunity. Although the
reconstitution of granulocytes was slow, the patient did not show serious infection
during engraftment, and remained stable for 1 year after UCBT.

CASE PRESENTATION

Chief complaints
Fecal blood, diarrhea and thrombocytopenia over one year.

History of present illness

A 1-year-old Chinese male patient with WAS was admitted for UCBT. He presented
with fecal blood, diarrhea and thrombocytopenia at age 4 d, and was admitted to the
West China Second University Hospital of Sichuan University. Admission to our
hospital for hematopoietic stem cell transplantation.

History of past illness
None.

Personal and family history
Nothing special.

Laboratory examinations

Complete blood count revealed that white blood cell (WBC) count was 13.64 x 10°/L,
hemoglobin 99 g/L, platelet count 7 x 10°/L, and neutrophil count 3.53 x 10°/L. Bone
marrow (BM) aspiration revealed that the granulocyte/erythrocyte ratio was 0.7:1,
thromocytogenic megakaryocyte 15/50, and platelets were deficient. WAS gene
sequencing identified the mutation c.777 + 1G>A (IVSS).
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TREATMENT

We selected an unrelated HLA 6/10-matched donor for UCBT (Table 1). The
conditioning regimen was busulfan 1.0 mg/kg day-9 to day-6; fludarabine 40 mg/m?,
day-5 to day-2; cyclophosphamide 60 mg/kg, day-5 to day-4; antithymocyte globulin
(ATG) 2.5 mg/kg, qd, day-8 to day-5. Prophylaxis for GVHD was cyclosporin A
(CSA, 6-8 mg/kg daily) and mycophenolate mofetil (MMF, 20 mg/kg/d). Heparin
and alprostadil were used for preventing hepatic venous occlusive disease (VOD).
Ganciclovir, acyclovir, micafungin and meropenem were used for preventing viral,
fungal and bacterial infection, respectively. The details of drug use is shown in Table
2. The number of CD34" cells was 4.7 x 10°/kg, and total nucleated cells (TNCs) 9.17 x
107/kg. On day 6 after UCBT, granulocyte colony-stimulating factor was given to
promote granulocyte recovery, and y-globulin and composition blood transfusion
(irradiated platelets) were used for supportive therapy.

OUTCOME AND FOLLOW-UP

On day 10, a new rash occurred on both earlobes. On day 11, the rash spread
throughout the body, and methylprednisolone was given at 1g/kg daily. Complete
blood count was monitored daily: WBC count reached 0.5 x 10°/L on day 22,
lymphocytes reached 0.5 x 10°/L on day 23, and neutrophils reached 0.5 x 10°/L on
day 34 (Figure 1A). Therefore, this patient presented with immune reconstitution,
with lymphocytes first and neutrophils later. We analyzed another five patients who
received UCBT, who all showed immune reconstitution with neutrophils first and
lymphocytes later (Figure 1C and Table 3). T cells, especially CD8* T cells, were the
major lineage in the reconstituted lymphocytes (Figure 1D and 1E). Previous studies
showed that dendritic cells (DCs) expressing Notch ligand DLL4 are critical for
eliciting alloreactive T cell responses and inducing GVHD in mice!"*?. We also
analyzed the reconstruction of DLL4* DCs. Compared to healthy people, the
percentage of DCs, ratio of plasmacytoid DCs (pDCs) and CD1c* DCs, and expression
of ligand DLL4 were similar (Figure 2). The levels of IgG, IgA and IgM returned to
normal within 50 d after UCBT, suggesting recovery of humoral immunity (Figure
2C). The patient did not develop obvious GVHD or infection 12 mo after UCBT. The
patient is currently under monthly monitoring. Except for CSA (1 mg/kg q12h), no
additional treatment was used to prevent GVHD. The timeline is shown in Figure 3.

DISCUSSION

Delayed immune reconstitution limits the success of hematopoietic stem cell
transplantation (HSCT). Here, we report a case showing an unusual pattern of
immune reconstitution after UCBT, which was characterized by an increase in the
number of lymphocytes earlier than granulocytes. The lymphocyte count peaked at
day 23 after UCBT; however, granulocytes were engrafted (for clinical engraftment,
the number of granulocytes is > 0.5 x 10°/L on the first day, and remains so for at least
3 consecutive days) at day 34. This patient did not develop infection or severe GVHD.
We propose that there should be another definition of engraftment for lymphocytes,
and ponder whether or not WBC engraftment should occur after HSCT.

UCBT has many advantages for treating WAS, as compared to other types of
HSCT. For example, the acquisition of CB is easy, collection of CB is harmless, and the
CB handling process, such as thawing, does not induce loss of cell proliferationt***'l.
In addition, CB transplantation showed a lower risk of acute and chronic GVHD than
other transplantation strategies using a different cell sourcel'”'*l. However, delayed
immune reconstitution results in higher rates of early post-transplant infectious
complications in UCBT®L.

The recovery of the immune system after transplantation in humans is an orderly
and dynamic process!”l. In general, innate immunity, namely phagocytes and natural
killer lymphocytes, recovers in the first few weeks after transplantation. Then, the
adaptive immune system, namely B and T lymphocytes, recovers, which may take
months to years!”'**]. Reconstitution of CD4" T cells is later than that of CD8" T cells,
which in most cases also results in a long period of CD4*/CD8" inversion after
transplantation. Previous studies showed that de novo thymic generation of
CD4'CD45RA" primitive T cells is needed for the recovery of CD4" T cells®**’. Pang et
al”! reported that in a non-acute GVHD group, CD3* T lymphocytes gradually
returned to normal after 2 mo, and the CD4/CDS8 ratio was reversed. Here, we report
that this patient showed an atypical immune reconstitution. His process of immune
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Table 1 Details of human leukocyte antigen matching

Patient 0 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
HLA-A(patient/donor) 02:07 11:02 02:01 33:03 02:07 30:01 24:20 30:01 32:01 11:01 03:01 01:01
02:07 24:02 02:06 33:03 02:07 30:01 24:20 31:01 32:01 02:06 03:01 32:01
HLA-B(patient/ donor) 54:01 40:02 40:06 58:01 13:02 46:01 13:02 40:01 44:03 48:01 27:05 57:01
54:01 56:01 40:06 58:01 13:02 46:01 13:02 40:01 44:03 48:01 27:05 57:01
HLA-C(patient/donor) 01:02 07:02 03:02 08:01 01:02 06:02 06:02 07:02 04:01 08:01 02:02 06:02
01:02 07:02 03:02 08:01 01:02 06:02 06:02 07:02 04:01 08:01 02:02 06:02
HLA-DRB1(patient/ donor) 14:54 12:02 03:01 09:01 07:01 09:01 07:01 08:03 07:01 15:01 15:01 11:04
14:55 12:02 03:01 09:01 07:01 09:01 07:01 08:03 07:01 15:01 15:01 10:01
HLA-DQBI(patient/donor) 05:03 03:02 02:01 03:03 02:02 03:03 02:02 06:01 02:02 06:02 03:01 03:01
05:03 03:01 02:01 03:03 02:02 03:03 02:02 06:01 02:02 05:03 05:01 06:02
Matches 6/10 9/10 10/10 9/10 8/10 6/10

HLA: Human leukocyte antigen.

reconstitution was lymphocytes (mainly T cells) engrafted first, with granulocytes
engrafted later. His lymphocyte ratio was at a high level at 35 d after UCBT, which
was different from other WAS patients who underwent UCBT in our Center. The
subsets of T cells in the present patient were mainly CD8*, and there was an inverse
proportion. Previous studies showed an increased CD4" ratio in some cases of
increased immune abnormalities, such as autoimmune diseases and acute GVHD. An
increase in the proportion of CD8" T cells does not increase the risk of acute GVHD.
We hypothesize that this patient with a high percentage of CD8" T cells protected him
from serious GVHD. The patient’s short tandem repeat (STR) in BM and PB was
detected on a regular basis in our center. The STR of PB was 76.8% on day 14. The STR
of BM was 62.3% on day 17. At this time, the number of cells was still low, and the
donor cells had not yet been engrafted. This state may have helped the engraftment of
donor lymphocytes. At 20-40 d, when lymphocytes suddenly increased, the STR in PB
was 98.6% on day 24 and 98.1% in BM on day 27. The details of STR is shown in Table
4. This also means that the rapid growth of lymphocytes comes from donors. This
rapid early growth of donor lymphocytes may not lead to severe GVHD, but can play
a role against infection. However, its mechanism needs to be further studied.

The reconstitution of DCs after transplantation is significantly correlated with
GVHD. Delayed DC recovery and lower DC numbers, especially of pDCs, are found
in patients with acute and chronic GVHD™.. pDCs play an important role in HSCT
immunomodulation™!. In the present case, we found that DCs recovered rapidly,
suggesting that it is a favorable prognostic factor in predicting GVHD and infection.
Recently, a new population of DLL4* DCs has been identified. DLL4 is an important
ligand of the Notch family!*l. DLL4* DCs can promote differentiation of Th1 and Th17
cells to a greater degree than DLL4- DCs. A mouse model that received allogeneic
DLL4* DC-induced CD4* T cells developed only minimal GVHD!""".. In humans, less
research has been performed on DLL4* DCs. Human immature CD1c* DCs and pDCs
express low levels of DLL4, and they rapidly upregulate expression of DLL4 upon
activation with the TLR7/8 agonist R848 (resiquimod) and/or the TLR4 agonist
lipopolysaccharide (LPS). However, allogeneic HSCT recipients had 16-fold more
DLL4'CD1c* DCs than healthy donors!""*1. In this patient, we found rapid DC
reconstitution, and each DC subset recovered to normal within 2 mo. In addition, we
measured the population of DLL4* DCs at day 27 and 37, day 90, and day 150 upon
stimulation. We found that the expression of DLL4 on DCs was upregulated after
resiquimod and LPS stimulation, and reached the same level as healthy people at 3
mo after transplantation. Therefore, successful DC reconstitution also indicates good
prognosis.

Previous studies reported that humoral immunity usually takes 1 year to reach
normal levels after HSCT, especially for IgG and IgA®!. In our case, we found that the
levels of IgA, IgG and IgM recovered to normal within 2 mo after UCBT. The recovery
of humoral immunity was faster than that reported in other studies. This special
immune reconstitution may be a good prognostic indicator for UCBT.

CONCLUSION

Raishidengs WJCC | https://www.wjgnet.com 3625 November 6,2019 | Volume?7 | Issue2l |



Li BH et al. Immune reconstruction after UCBT

Table 2 Details of drug use

The conditioning regimen Bu + FLu + CTX + ATG BU 1.0 mg/kg, day-9 to day-6; FLu, 40 mg/m?,
day-5 to day-2; CTX, 60 mg/kg, day-5 to day-4;
ATG 2.5 mg/kg, qd, day-8 to day-5

Prophylaxis for GVHD CSA + MMF CSA (6-8 mg/kg/d) and MMF (20 mg/kg/d)
Preventing hepatic VOD Heparin and alprostadil
Preventing infection Ganciclovir, acyclovir, micafungin and

meropenem

Flu: Fludarabine; CTX: Cyclophosphamide; BU: Busulfan; ATG: Antithymocyte globulin; GVHD: Graft versus host disease; CSA: Cyclosporin A; MMF:
Mycophenolate mofetil; VOD: Vein occlusion disease.

This new way of immune reconstitution can provide a novel means to study immune
reconstitution after UCBT. However, the mechanism of immune reconstitution, and
whether it can be used as a marker of good prognosis, requires further investigation.
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Table 3 Basic clinical parameters of five other umbilical cord blood transplantation patients

Patient 0 (case)  Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Age in yr 1 4 <18 m) 1 5 2
Sex Male Male Male Male Male Male
Time for UCBT 2017/10/15 2017/6/3 2018/6/8 2018/3/24 2017/7/7 2017/12/15
CD34 dose 4.7 x105/kg 2 x105/kg 4.92 x105/kg 2.4 x1055/kg 4.55 x 105/kg 3.0 x105/kg
TNC 9.17 x 107 /kg 6.73 x 107 /kg 15.3 x 107/kg 11.1 x 107 /kg 6.26 x 107 /kg 9.23 x107/kg
Conditional Bu + Flu + CTX + BU + Flu + CTX + BU + Flu + CTX + BU + Flu + CTX + BU + Flu + CTX + BU + Flu + CTX +
regimen ATG ATG ATG ATG ATG ATG
HLA (/6) 4/6 6/6 6/6 5/6 5/6 4/6
HLA (/10) 6/10 9/10 10/10 9/10 8/10 6/10
Blood type B/B A/O B/B 0/0 0/0 A/AB
(patient/ donor)
Neutrophil grafted D34 D16 D13 D15 D17 D14
time
Lymphocytes>0.5 x D23 D28 D42 D17 D30 D65
109/L
PLT grafted time ~ D66 D28 D29 D30 D33 D27
Main complication No Hemorrhagic cystitis Infection by No Intestinal infection ~ Leak syndrome,

Pneumocystis carinii

hemorrhagic cystitis

Flu: Fludarabine; CTX: Cyclophosphamide; BU: Busulfan; ATG: Antithymocyte globulin.

Table 4 Details of short tandem repeats

Day PB or BM STR

14 PB 76.80%
24 PB 98.60%
31 PB 99.10%
38 PB 98.80%
45 PB 99.30%
52 PB 98.80%
60 PB 99.30%
66 PB 98.60%
75 PB 98.70%
102 PB 98.70%
17 BM 62.30%
26 BM 98.10%
43 BM 98.70%

STR: Short tandem repeat; PB: Peripheral blood; BM: Bone marrow.
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Figure 1 WBC changes after transplantation. A: Counts of WBCs, lymphocytes and neutrophils after UCB infusion. Counts of WBCs, lymphocytes and neutrophils
changed and fluctuated near normal levels. WBC count reached 0.5 x 10° on day 22, lymphocytes reached 0.5 x 10° on day 23, and neutrophils reached 0.5 x 10° on
day 34; B: Percentage of neutrophils, lymphocytes and monocytes fluctuated near normal levels. The percentage of lymphocytes was high within 1 mo after
transplantation; C: Changes in lymphocyte subsets after transplantation. The main subsets of lymphocytes in this patient were T cells; D: Changes in T cell subsets
after transplantation. The main subgroup of T cells in this patient was CD4* T cells; E: Percentage of lymphocytes from day -10 to day 50. After UCB infusion,
percentage of lymphocytes changed and fluctuated near normal levels in different patients. UCB: Umbilical cord blood; WBC: White blood cell.
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Figure 2 Reconstitution of DCs. A: Percentage of DCs and DC subsets day 27 to month 5. After UCB infusion, percentage of DCs, pDCs and CD1c* DCs
increased. DCs, lineage-HLA-DR"; plasmacytoid DCs, lineage-HLA-DR*CD123"; CD1c* DCs, lineage-HLA-DR*CD1c", detected by flow cytometry; B: DC changes
after transplantation. Total DC reconstitution after transplantation; C: DC subset changes after transplantation. pDC and CD1c* conventional DC reconstitution after
transplantation; D: Delta-like protein 4 (DLL4*) DC changes after transplantation. After UCB infusion from day 27 to month 5, percentage of DLL4* pDCs and DLL4*
CD1c* DCs detected by flow cytometry after LPS (0.1 ug/mL) + R848 (0.1 ug/mL) stimulation for 24 h. DC: Dendritic cell; UCB: Umbilical cord blood.
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Figure 3 Timeline of interventions and outcomes.
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