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Abstract

Patients with B-cell chronic lymphocytic leukemia (CLL) have an increased risk of severe infections due to
disease- and treatment-related immunodeficiency. As a result, patients with hematologic malignancies
have been given priority for primary COVID-19 vaccination. Unfortunately, many studies have suggested
that patients with B-cell chronic lymphocytic leukemia (CLL) who have been fully vaccinated can develop
severe and often fatal complications. Therefore, adjuvants that can induce mRNA vaccine efficacy are
desperately needed for this category of patients with haematological malignancies. A recent, study by
Oxford University scientists showed that leucine zipper transcription factor-like 1(LZTFL1), as a candidate
causal gene and its enhancer the rs17713054 A risk allele was significantly responsible for the twofold
increased risk of respiratory failure from COVID-19 associated with 3p21.31.By using sequence analysis,
the risk allele generates a second CCAAT/enhancer binding protein beta (CEBPB) motif in the enhancer.
Moreover, neither LZTFL1 variants found in T cells nor B cells are responsible for increasing death risk
from COVID-19 infection according to oxford study. Here, we propose attestable hypothesis that trans
retinoic acid could enhance the immune response in vaccinated patients with B-cell chronic lymphocytic
leukemia (CLL) according to the recent findings of Oxford scientists by inducing the casual

gene(LZTFL1) in CD4 T cells and inhibiting (CEBPB) motif.

Conclusions

Haematological malignancies (blood cancers) patients are more vulnerable to COVID-19 disuse severity
and mortality. Un fortunately mRNA vaccine seem to be less effective with weak immune response and
insufficient level of generated antibodies in this category of patients. Therefore we suggest all trans
retinoic acid is a good candidate as mRNA COVID-19 vaccine adjuvant via inducing LZTFL1 gene in
CDA4Tcells and this activation could improve the immune response and increase the level of

the generated antibodies. Moreover LZTFL1 gene in CD4 T cells is not associated with increasing risk of
COVID-19 infection because of absence of its enhancer(The risk allele of the SNP, rs17713054 A) in
immune cells according to oxford recent study. In addition to all trans retinoic acid could inhibit
CCAAT/enhancer binding protein beta motif that is generated by The risk allele of the SNR, rs17713054 A

Introduction

The COVID-19 pandemic is estimated to have caused over 4.6 million deaths so far(1,2). The leading
cause of mortality is severe acute respiratory distress syndrome and pneumonia (3). Cancer is a risk
factor for a more aggressive clinical course in COVID-19 patients. In a previous report, it was reported that
39 percent of COVID-19 patients with cancer had severe events such as intensive care unit (ICU)
admission, need for mechanical ventilation (MV), and death during the COVID-19 course, whereas only 8
percent of COVID-19 patients without cancer had those severe events. Patients with haematological
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malignancies may be more vulnerable than patients with solid tumors due to immune system
dysfunction (4,5). The poor prognosis and worse outcomes in hematologic malignancies patients
following infection with the severe acute respiratory syndrome coronavirus-2 SARS-CoV-2) is now well
documented. A recent published meta-analysis, conducted on 3377 patients with hematologic
malignancies, found a 34% risk of mortality in those suffering from COVID-19 (6). It was found that
found that 77% of consecutive CLL patients diagnosed with Covid-19 developed severe disease requiring
hospitalization, and of these 28% died from Covid-19 and its complications(7). Moreover, immunotherapy
that depletes B-cell has been linked to higher rate of death and prolonged hospitalization following
COVID19 (7) . As a result, patients with hematologic malignancies have been given priority for primary
COVID-19 vaccination. Several COVID-19 vaccines became available in 2020 and 2021, according to
several randomized clinical studies. In Europe and the United States, ChAdOx1 nCoV-19,
Pfizer/BioNTech, and mRNA-1273 (Moderna) vaccines are available(8,9,10). Those with hematologic
malignancies, however, were not included in these vaccine clinical trials. SARS-CoV-2 IgG production
was measured in 67 hematologic malignancies patients who received two mRNA vaccine doses, and it
was discovered that 46% of hematologic malignancies patients did not produce antibodies, indicating
that they were vaccine non-responders(11). Patients with B-cell CLL were especially vulnerable, as only
23% of them had detectable antibodies despite the fact that nearly 70% of them were not receiving cancer
treatment (11). Preliminary studies in patients with hematologic malignancies found a low
seroconversion rate after the first BNT162b2 inoculum, ranging from 18 to 25%( 12,13). These findings
contrast sharply with the findings of a phase 1 mRNA vaccine immunogenicity trial, which reported
robust antibody responses in nearly all healthy volunteers after two injections of 30 g of BNT162b2
(14,15,16). In patients with haematological malignancies such multiple myeloma and non-Hodgkin
lymphoma (lymphoid and myeloid malignancy) as, vaccination with two BNT162b2 inocula results in a
significant increase in cellular response and humoral, but only about half of the patients will likely
achieve effective immune protection against COVID-19(17). Immunosuppression is frequently associated
with hematologic malignancies, and the treatment used can exacerbate the immune defect, raising the
question of vaccine immunogenicity in those patients(17) . Anti-CD20 monoclonal antibodies and other
B-cell targeting treatments, such as immunomodulatory drugs, proteasome inhibitors, steroids or anti-
CD38 monoclonal antibodies used in multiple myeloma treatment, may impair COVID-19 neutralizing
antibody production after vaccination(17). Patients receiving venetoclax and BTKis anti-CD20 were
unlikely to respond to vaccination. It is not surprising that BTKis impair the humoral response to
vaccination because they block B-cell receptor signalling in both malignant and normal B cells. Previous
research has reported antibody-mediated response rates to influenza vaccine ranging from 7% to 26% in
CLL patients treated with BTKis(18). In fact, B-cell depleting agents and glucocorticoids have been
shown to significantly reduce the immunogenicity of mRNA vaccines against COVID19 in patients with
chronic inflammatory disease (19). Here we propose a testable hypothesis that The drugs that induce the
expression of Leucine zipper transcription factor-like 1 (LZTFL1) gene in CD4 T cells could be used in
boosting the weak immunogenicity of COVID-19 mRNA vaccines in patients with hematologic
malignancy via activating T cells. LZTFL1 (leucine zipper transcription factor-like 1) was discovered as a
tumour suppressor for the first time(20). LZTFL1 is encoded by a gene on human chromosome (3p21.3
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)that has been showed to be deleted in a many types cancers (20). Overexpression of LZTFL1 in Hela
cells, a cervical cancer cell line, inhibited anchorage-independent cell migration and growth in vitro and
inhibited growth of tumourin vivo (21). LZTFL1 was found to be expressed highly in the epithelial
cells of normal tissues and is significantly down regulated in the corresponding tumor samples (22).
Loss of LZTFL1 expression was found to have significant inverse correlations with TNM (tumor (T), node
(N), and metastasis (M)) stages of the tumor and with the number of metastasized lymph nodes (mLN)
(23). Recently, a deletion mutant of LZTFL1 was also found in a family with Bardet-Biedl syndrome
(BBS)(24), Leucine zipper transcription factor like 1 (Lztfl1)/BBS17 is a member of the Bardet-Bied|
syndrome (BBS) gene family. Human BBS patients have a wide range of pathologies including obesity
(24,25). Recently, LZTFL1 knockout mice was well established, which showed the phenotype of obesity,
retinal degeneration, and abnormal cilia development (26,27,28).

A recent study by Oxford University scientists was published in Nature genetic ( Nat Genet 53, 1606-1615
(2021). https://doi.org/10.1038/s41588-021-00955-3) showed that leucine zipper transcription factor-
like 1(LZTFL1), as a candidate causal gene and its enhancer the rs17713054 Arisk allele was
significantly responsible for the twofold increased risk of respiratory failure from COVID-19 associated
with 3p21.31(29). LZTFL1 is widely expressed in pulmonary epithelial cells, including ciliated epithelial
cells, which have been identified as one of the main cellular targets for SARS-CoV-2 infection. The
scientists in this study used a combined multiomics and machine learning approach and identified that
the gain-of-function risk A allele of an SNP, rs17713054G>A, was a causative variant. By using
chromosome conformation capture and gene-expression analysis oxford scientists showed that the
rs17713054-affected enhancer upregulates the interacting gene, leucine zipper transcription factor like 1
(LZTFL1). Therisk allele of the SNP, rs17713054 A, leads to increased transcription through
augmentation of an epithelial-endothelial-fibroblast enhancer, facilitated by the addition of a second
CEBPB binding motif. Sequence analysis showed that the risk allele generates a second CCAAT/enhancer
binding protein beta (CEBPB) motif(57) in the enhancer. Therefore, according to this study the
rs17713054 risk allele must generate a CCAAT/enhancer binding protein beta motif to increase covdid-
19 risk via interacting with LZTFL1. The strong expression of CEBPB in lung tissue supports the
biological relevance of this new motif (64) and chromatin immunoprecipitation supported by
sequencing (ChlP-seq) of CEBPB in lung fibroblast cells of IMR-90 and HeLa, A549 alveolar basal
epithelial adenocarcinoma (65). Moreover, deepHaem predicted that rs17713054-A would resulted in
induced binding of CEBPB in A549 cells and IMR-90 (29) . This study found that rs17713054is an
active enhancer of LZTFL1 in lungs and associated with increased risk of COVID-19 and is notin an
active enhancer in immune cells, where CCR9 is expressed. The 3p21.31-related risk is most likely caused
by pulmonary epithelial cells undergoing EMT, rather than immune cells, according to this study. LZTFL1
could be a therapeutic target because the 3p21.31 effect is conferred by a gain-of-function (29). LZTFL1
variants that induce risk of severe COVID-19 disease is not found in immune cells as in this study they
first examined open chromatin from 24 diverse immune cell populations (including T, B, natural killer and
dendritic cells) in resting and stimulated states but did not identify any of the 28 severe COVID-19-
associated variants of LZTFL1 at 3p21.31 in open chromatin making it unlikely that a cis-regulatory
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mechanism in these immune cell types is responsible for COVID-19 risk. These results concluded that
neither LZTFL1 variants found in T cells nor B cells are responsible for increasing death risk from
COVID-19 infection. Therefore the expression of LZTFL1 in immune cells is not a risk factor for COVID-19
severity and its enhancer ). The risk allele of the SNP, rs17713054 A is not expressed in these cells as
found in 60% of individuals with South Asian ancestry (SAS), compared to 15% of European ancestry
(EUR) groups. Fortunately, LZTFL1 was discovered to potentially activate CD4 T cells under the control
of All trans retinoic acid (ATRA), ATRA induces LZTFL1 expression in human primary CD4+ T cells
(30,31,61). We searched literature using PubMed, Google Scholar, Preprints, Clinical trials and letters
and found only ATRA could induce LZTFL1 in CD4 T cell and not in other tissues. LZTFL1 is a putative
transcription factor with a leucine zipper domain and is a part of a transcriptional map that includes the
CCR9 gene(20). CCR9 mediates chemotaxis in response to CCL25/thymus-expressed chemokine and is
selectively expressed on T cells in the thymus and small intestine(62). Retinoic acid can induce the
expression of the G protein coupled chemokine receptor 9 (CCR9) on lymphocytes, which allows their
migration toward the GIT that expresses the chemokine ligand CCL25(63) In addition to all trans
retinoic acid was found to potentially downregulate EBPB(CCAAT/enhancer binding protein beta motif),
exposure of Hepa-1 cells to Retinoic Acid results in a decrease in C/EBPB mRNA levels(55). Retinoic acid
prevented C/EBPb-induced adipocyte differentiation and C/EBPbeta-mediated transcription(56). In
transient transfection studies, liganded RA receptor (RAR) specifically blocks transcriptional activation by
either C/EBPa or C/EBPb(56). RA completely prevented C/EBPb-induced adipogenesis(56). RA does not
act directly on C/EBP but rather stimulates the expression of the transforming growth factor p-effector
protein Smad3, which can interact with C/EBP via its Mad homology 1 domain and can interfere with
C/EBPB DNA binding(57). The RA-induced increase in Smad3 expression results in increased cytoplasmic
and nuclear Smad3, which is significant because ectopic Smad3 expression in preadipocytes in the
absence of RA treatment only modestly inhibits adipogenesis and C/EBP DNA binding, implying that
Smad3 alone is insufficient to fully recapitulate the effects of retinoic acid treatment during
differentiation(57). Smad3 signaling is crucial for progression to fibrosis. On the other hand, absence of
proper Smad3 signaling results in an ineffective repair response to damage in the lung, reduction of
suppression of expression of potent MMPs, and susceptibility to airspace enlargement and
emphysema(64) .Retinoic acid (RA) is a potent inhibitor of adipogenesis, and its action appears to block
C/EBP transcriptional potential early during differentiation(57). Therefore, ATRA could have a
beneficial impact in treating patients which have the risk allele of the SNR, rs17713054 A via inhibiting
EBPB(CCAAT/enhancer binding protein beta motif). Moreover, all trans retinoic acid could boost T cell
activity and immune response in vaccine non-responder patients with hematopoietic malignancy by
inducing LZTFL1 in CD4 T cells , according to these findings. T cell function is influenced by RAs in a
variety of ways, including peripheral T cell differentiation, gut-homing capacity, and effector T cell
activity(46-51). In Ab-primed human PBMCs, RAs promote Th2 cell differentiation and can directly induce
the production of Th2 cytokines IL-5, IL-4, and IL-13(32). LZTFL1 has been identified as a critical
regulator of ATRA-induced Th2 cytokine expression in CD4+ T cells, particularly expression of Interleukin
-5 (30). At physiological concentrations of ATRA., LZTFL1 was rapidly and markedly upregulated in
primed CD4+ T cells (30). Itis believed that LZTFL1 is a positive regulator of ATRA-induced T cell
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response because it is upregulated by ATRA in activated T cells (30). ATRA treatment increases LZTFL1
mRNA and protein production in human CD4+ T cells(30). LZTFL1 transiently localizes to the
immunological synapse during CD4+ T cell activation in contact with APC (IS). The T cell activation
signal was further enhanced by overexpression of LZTFL1 in CD4+ T cells, as evidenced by increased
NFAT activity. Furthermore, knocking down LZTFL1 reduced Th2 cytokine production, particularly IL-5
mRNA and protein, and suppressed ATRA-induced IL-5 production.(30). It was showed that SARS-CoV-2
MRNA vaccines induce broad CD4+ T cell responses that recognize SARS-CoV-2 variants and HCoV-
NL63, (33).SARS-CoV-2 and common cold coronaviruses (CCCs) have recently been shown to cross-
recognize T cells ( 34-43). The mRNA COVID-19 vaccines from Moderna (MRNA-1273) and Pfizer-
BioNTech (BNT162b2) produce strong T cell responses to spike peptides (44,45).All trans Retinoic acid
could enhance the efficacy of these mRNA COVID-19 vaccine via inducing LZTFL1. On activated T and
B lymphocytes, retinoic acid (RA), a Vitamin A metabolite, was found to upregulate the mucosal homing
receptors CCR9 and integrin alpha4beta7 (52,53). Infection and mucosal vaccination require RA to elicit
proinflammatory CD4+ helper T cell responses. These effects are mediated by the retinoic acid receptor
alpha (RAR). RAR signalling antagonistism and RAR(Rara/) deficiency result in a cell autonomous CD4+
T cell activation defect. Overall, these findings establish nutritional status as a broad regulator of
adaptive T cell responses and reveal a critical role for the RA/RAR axis in the development of both
regulatory and inflammatory arms of adaptive immunity(54). The retinoic acid-mediated regulation of a4
integrins is required for specific migration of T cells in vitro and in vivo(31). RA promotes the generation
of small intestine-homing T and B cells(48,53). In this regard, a severe paucity of T cells and IgA-
producing B cells occurs in the intestine of vitamin A deficiency. These functions of RA are consistent
with the increased susceptibility of vitamin A deficient subjects to a number of infectious microbial
agents(62).Retinoic acid specifically induces the expression of a small intestine-homing chemokine
receptor CCR9 and a mucosal tissue-homing integrin molecule a4B7(48). All trans retinoic acid could
increase COVID-19 vaccine protective effect as All trans retinoic acid was found to increase IgA
production and that this was a result of its ability to increase the frequency of IgA-secreting B cell
clones(61). Therefore, it is not surprising that ATRA exhibited antiviral effect against SARS-CoV-2
3CLpro cell culture (58) In addition to retinoic acid was found to protect against COVID-19 disease
severity(59,60).

Study Description

This double blinded, randomized, placebo controlled trial on the clinical efficacy ALL trans Retinoic Acid
as an adjuvant mRNA covid-19 vaccine. 25 men and women with hematological malignancy will be
enrolled , who are age 18 to 65 years inclusive, have given informed consent to participate in the study.
All of the enrollees will not have active COVID-19. All-trans retinoic acid (ATRA) has an
immunomodulatory effect on haemopoiesis, making it a possible option for inducing COVID-19 vaccine
efficacy. The effect of all trans retinoic acid on the efficacy and the immune response of mMRNA covid-19
vaccine status will be examined in the context of a randomized trial conducted in Egyptian or Saudi
Arabian Subjects will be randomized to receive either mMRNA COVID-19 vaccine combined with doses of
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all trans retinoic acid or placebo from the start of their first dose of vaccination, and until the last
recruited patient reaches its last mMRNA covid-19 vaccine dose and 6 months of follow up. Thus, the first
subject is likely to be followed for 12 months, assuming the duration of recruitment is 12 months. The
endpoints of interest include, immune response to MRNA covid-19 vaccine . The study will be carried out
as a collaborative effort between. Kafr elshiekh university ,Faculty of Medicine, Egypt and First health
cluster ,Ministry of health ,Saudia Arabia. All enrolled patients in the active cooperator with
hematological malignancy will be randomly assigned to receive 2 shot of BNT162b2 mRNA
vaccine(Administration of BNT162 b2 vaccine (30ug in 0.3mL) at D1 and D29, intramuscularly
(participants without antecedent of SARS-CoV-2 infection) in combination with oral ATRA (10 mg twice
daily . ATRA will be given orally after the first vaccine shot for 10 days and also it will be given orally after
the second vaccine shot for 10 days and the investigators will check the efficacy and safety of this
combination in the enrolled population .

Materials And Methods

Active Comparator: Oral All trans retinoic acid plus BNT162 b2 vaccine

12 subjects will be randomly assigned to receive 2 shot of BNT162b2 mRNA vaccine(Administration of
BNT162 b2 vaccine (30ug in 0.3mL) at D1 and D29, intramuscularly (participants without antecedent of
SARS-CoV-2 infection) in combination with oral ATRA (10 mg twice daily . ATRA will be given orally after
the first vaccine shot for 10 days and also it will be given orally after the second vaccine shot for 10 days
and the investigators will check the efficacy and safety of this combination in the enrolled population 4

Placebo Comparator: BNT162 b2 vaccine

12 subjects will be randomly assigned to receive 2 shot of BNT162b2 mRNA vaccine(Administration of
BNT162 b2 vaccine (30ug in 0.3mL) at D1 and D29, intramuscularly (participants without antecedent of
SARS-CoV-2 infection)

Anticipated Results and Measurements outcomes

Primary Outcome Measure:
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1-lgG humoral response to vaccine 28 days post vaccination

[ Time Frame: at Day 57 for patients of the group1 and at Day 29 for patient of the group 2 ]

2- Anti SARS-CoV-2 Spike IgG (ELISA test) 28 days after the last injection i.e. at Day 57 in adult volunteers
receiving 2 vaccine doses plus oral All trans retinoic acid(group 1, without documented history of SARS-
CoV-2 infection) and at Day 29 in adult volunteers receiving 1 vaccine dose (group 1, without documented
history of SARS-CoV-2 infection).

Secondary Outcome Measures:

1. Humoral response to vaccine plus ATRA vs placebo [ Time Frame: Day 1, Day 29, Day 57, Month 6,
Month 12, Month 24 ]

Anti SARS-CoV-2 specific IgG at Day 1, Day 28, Day 57, as measured via ELISA Anti SARS-CoV-2 IgA and
IgM (total and subclasses IgG 1-4) as measured by ELISA at D 1, D28, D56, M6, M12 and M24 Specific
neutralizing antibody to SARS-CoV-2 and its variants (classical in vitro neutralisation assay and Pseudo
neutralisation assay ) (all participants)

1. T cells response to vaccine plus ATRA vs placebo [ Time Frame: at Day1, Day 56 and Month 6 ]

Fluorospot assays (TH1, TH2, TH17, Cytotoxicity) Phenotyping of antigen specific T-Cells via Mass
cytometry at D 1 and M6 selected from results of Fluorospot assay

1. Mucosal response to vaccine plus ATRA vs placebo [ Time Frame: at Day 1, Day 28, Day 56, Month
6, Month 12 and Month 24 ]

Mucosal COVID-19 -specific antibody via measure of IgA, IgM and IgG in saliva by specific home-made
and commercially available ELISA assays for salivary IgA and IgG (all participants)

1. B cell response to vaccine plus ATRA vs placebo [ Time Frame: at Day 1, Day 56 and Month 12]

Determination of the epitope profiling and B cell repertoire (stereotype clonotype) of the humoral
response
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2. predictive determinants of vaccine plus ATRA response [ Time Frame: at screening visit |

Pre-existing serology for COVID-19 or other coronavirus, clinical profile of COVID 19, immune cell
phenotype immunosenescence profile, and transcriptomic analysis.

3. Safety of BNT162b2 vaccine plus ATRA [ Time Frame: through 28 days after each dose of vaccine for
reactions; throughout the study period for others adverse events |

All grade adverse reactions:

* Local and systemic reactogenicity, all grade, measured by solicited adverse reactions
* Immediate reactogenicity defined as any adverse reactions

¢ Unsolicited adverse reactions
Others adverse events:

e Medically significant AEs
e SAEs
e Any AEs of grade = 2,.

* AEs leading to withdrawal .

Criteria
Inclusion Criteria

e Any patient diagnosed with hematological malignancy
(CLL or B-cell CLL was according to the IWCLL criteria

e Male or female participants =65 years of age at the time of consent

Exclusion Criteria:

 History of severe adverse reaction associated with a vaccine and/or severe allergic reaction (eg,
anaphylaxis)

e Serious chronic disorder that in the investigator's opinion would make the participant inappropriate
for entry into the study

e Previous clinical or microbiological diagnosis of COVID-19

* Previous vaccination with any investigational pneumococcal vaccine, or planned receipt of any

licensed or investigational pneumococcal vaccine through study participation
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e Previous vaccination with any coronavirus vaccine.

» Other medical or psychiatric condition including recent (within the past year) or active suicidal
ideation/behavior or laboratory abnormality that may increase the risk of study participation or, in
the investigator's judgment, make the participant inappropriate for the study

e Hypercholesterolemia

e Hypertriglyceridemia

e Liverdisease

e Renal disease

e Sjogren syndrome

e Pregnancy

e Lactation

e Depressive disorder

e Body mass index less than 18 points or higher than 25 points

e Contraindications for hormonal contraception or intrauterine device.

e Autoimmune diseases A history of organ, bone marrow or hematopoietic stem cell transplantation

» Patients receiving anti-hcv treatment

e Permanent blindness in one eye

e History of iritis, endophthalmitis, scleral inflammation or retinitis 15-90 days of retinal detachment or
eye surgery

e 16-The competent physician considered it inappropriate to participate in the study
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