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Abstract: A goal of cancer immunologists is to harness cellular immune responses to 

achieve anti-cancer responses. One of the strongest activating stimuli for the immune 

system is the encounter with cells expressing allogeneic HLA molecules. While 

alloreactive responses can negatively impact of the outcome of hematopoietic stem cell 

transplant because of graft-versus-host disease (GVHD), these same responses can have 

anti-leukemic effects. Donor lymphocyte infusions have been used in an attempt to harness 

alloreactive responses to achieve anti-leukemic responses. Because this protocol is usually 

carried out in the absence of recipient anti-donor responses, this protocol often induces 

GVHD as well as anti-leukemic responses. A recent study indicated the infusion of large 

number of haploidentical donor cells (1–2 × 108 CD3+ cells/kg) into patients with 

refractory hematological malignancies (100 cGy total body irradiation) resulted in 14  

(7 major) responses/26 patients. A rapidly developing cytokine storm was observed, while 

no persisting donor cells could be detected at two weeks after infusion eliminating the 

possibility of GVHD. Characterization of the effector mechanisms responsible for the  

anti-leukemic responses in this protocol, should guide new approaches for achieving 

enhanced anti-leukemic responses using this protocol.  
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1. Introduction 

Alloreactivity is a property of the immune system in which a large fraction of T cells selected to 

recognize foreign peptides presented by self major histocompatibility complex (MHC) molecules are 

also able to bind to allogeneic MHC molecules presenting endogenous peptides, often in a tissue 

dependent fashion [1]. Traditionally, alloreactivity as a therapeutic modality has centered on allogeneic 

stem cell transplantation (allo-SCT) in which a donor’s immune system is supplanted into a patient 

with a hematological malignancy. These donor immune cells recognize residual cancer cells as foreign 

and consequentially target the malignancy. In the allo-SCT setting, conditioning of the recipient with 

high doses of chemotherapy and/or radiotherapy prior to transplant significantly impairs the 

responsiveness of the recipient immune system. The lack of recipient immunity allows the donor 

alloreactive T cells present in the inoculum to initially engraft and later generate anti-recipient 

responses. These responses cause the graft-versus-leukemia (GVL) effect but also frequently result in 

graft-versus-host disease (GVHD). GVHD, with its attack on the skin, liver and gut of the recipient, 

can be severe enough to cause death [2]. While GVHD can be deleterious, an early retrospective study 

demonstrated that the alloreactive responses inducing GVHD also mediated anti-leukemic responses, 

preventing leukemic relapse and indicating that it was difficult to separate these two responses [3]. 

These findings have led investigators to an ongoing quest to generate the GVL responses without 

the GVHD responses. Usually this has focused on harnessing donor anti-recipient immune responses 

to achieve the anti-leukemic responses typically via donor-lymphocyte-infusions (DLI). DLI involves 

the infusion of mature donor lymphocytes into transplant recipients after donor cell tolerance 

establishment by the recipient following hematopoietic stem cell transplantation [4]. In this setting, 

little or no recipient anti-donor responses would be expected. DLI was shown to have a significant 

anti-leukemic response. However GVHD still occurred following donor lymphocyte infusion (DLI). 

Retrospective analysis of CD3+ cell dose given with DLI following allogeneic hematopoietic cell 

transplantation found that CD3+ cell doses ≥10 × 107 CD3+ cells/kg was associated with 55% 

incidence of GVHD, >1 to <10 × 107 CD3+ cells/kg with 45% GVHD and ≤1 × 107 CD3+ cells/kg with 

21% GVHD. Despite the high incidence of GVHD the use of CD3+ cell doses of >10 × 107 did not 

result in decreased risk of relapse [5]. 

These approaches have focused on harnessing donor anti-recipient responses to achieve  

anti-leukemic responses. However in several settings it was demonstrated that anti-leukemic responses 

could be achieved without engraftment of the donor cells, a situation which should eliminate the 

possibility of GVHD developing [6] and supporting the concept that (at least prolonged) donor  

anti-recipient responses are not necessarily required to achieve anti-leukemic responses. In a murine 

mixed chimera model, it was demonstrated that recipient anti-donor responses were able to induce 

responses to tumor cells derived from the recipient strain [7–11]. Recipient IFN-γ as well as invariant 

NKT cells were required for responses in this model. A limitation of this system is that the immune 

manipulations to the recipient mice occurred prior to the actual injection of tumor cells. Therefore this 
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protocol avoids factoring in the impact that the growing tumor could have on host immune responses 

in the tumor bearing individuals. 

2. Cellular Therapy; Clinical Experiences 

Anti-leukemic responses without donor cell persistence have been observed in clinical trials 

conducted by our group and others. White blood cells collected from G-CSF mobilized haploidentical 

donors were infused in high numbers (1–2 × 108 CD3+ cells/kg) into refractory cancer patients who 

had received 100 cGy of total body irradiation prior to the infusion [12]. A cytokine storm with high 

levels (>1,000 pg/mL) of IL-6, MCP-1, MIP-1β and lower levels (10–100 pg/mL) of IL-5, IL-7, IL-8, 

IL-10, IL-13, and IFN-γ was rapidly generated (median time of onset of 14 hours) in these recipients. 

The cytokine storm caused high fever in all patients and skin rash, diarrhea, liver dysfunction, 

effusions, respiratory distress and edema in subsets of patients. The symptoms of the cytokine storm 

were allowed to persist for 2 days, if possible, and then remitted rapidly by administration of 

methylprednisolone. While no responses were seen in patients with solid tumors, 14 (7 major)/26 

patients with refractory hematological malignancies showed responses. Patients with AML, acute 

lymphocytic leukemia (ALL), chronic myeloid leukemia (CML), non-Hodgkin lymphoma (NHL) and 

multiple myeloma (MM) were all included in the study. Amongst the 7 major responders, three had 

AML and attained a complete response (CR) while four had NHL with 2 attaining a CR and an 

additional 2 with partial response (PR). In AML patients, 7 of 12 patients demonstrated a transient 

response with a resolution of peripheral blasts and/or >50% reduction in bone marrow blasts two 

weeks post cellular infusion. These responses occurred despite absence of donor chimerism 2 weeks 

after infusion in patients. Two patients (out of 41 total as patients with solid tumors were also 

included) demonstrated donor cell engraftment and developed GVHD or GVHD like symptoms [12]. 

Neither of these patients showed a clinical response to therapy. This was a much lower frequency of 

GVHD than was observed when similar numbers of donor lymphocytes were given in a DLI 

protocol [5]. Presumably this was because the limited amount of conditioning of the recipient allowed 

the development of recipient anti-donor responses capable of eliminating the donor cells in almost all 

of the patients. 

A similar approach was described in a study by Guo and colleagues, who randomized acute 

myeloid leukemia (AML) patients 60 years of age and older into groups that received chemotherapy 

alone or chemotherapy along with haploidentical G-CSF mobilized peripheral blood stem cells. In the 

chemotherapy alone group, the complete response rate was 43% while the chemotherapy plus 

peripheral blood stem cells resulted in 80% complete response rate [13]. The two year progression-free 

survival was 10% for the chemotherapy alone and 39% for the chemotherapy plus peripheral blood 

stem cells. In a subsequent study by Guo et al., patients with cytogenetic low and intermediate risk 

AML who attained complete remission during induction were infused HLA mismatched donor G-CSF 

mobilized peripheral blood stem cells on three separate occasions following consolidation with 

cytarabine [14]. The 6-year leukemia free survival was 84% in the low risk group while the 

intermediate risk group had a 6 year leukemic free survival rate of 59%. These results compare 

favorably to the overall survival of 55% and 24% in similar risk groups [15]. In each of these studies 

no patients developed GVHD. 
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3. Cellular Therapy; Mechanism of Action  

The possible role of various effector cell populations was not evaluated in our initial study [12]. 

Patients whose immune system had been significantly diminished by conditioning prior to a 

hematopoietic stem cell transplant and then developed tolerance to the donor cells would not be 

expected to generate immune responses when mature donor lymphocytes were infused. In contrast, the 

patients in our study had only received 100 cGy total body irradiation. Thus it would be expected that 

recipient leukocytes could still respond effectively in this setting potentially resulting in multiple donor 

and recipient subpopulations being activated and acting as effectors in this protocol (Figure 1). 

Competing donor anti-recipient and recipient anti-donor responses could also result in additional layers 

of immune regulation in the cellular immunotherapy protocol that would not be seen in protocols using 

donor lymphoid infusion in patients receiving a hematopoietic stem cell transplant.  

Figure 1. (A) Donor/Recipient Alloreactive Responses. Possible alloreactive responses of 

donor cells (green) and recipient cells (blue) include induction of recipient alloantibody 

production, donor NK cell mediated elimination of antibody coated donor cells and 

activated recipient cells and activation of donor and recipient alloreactive CTL as a result 

of recognition of allogeneic APC. (B) Anti-Leukemic Responses. Possible anti-leukemic 

responses include donor alloreactive or restricted CTL, alloreactive NK cells or  

cross-reactive alloreactive recipient CTL or restricted recipient CTL.  

(A) (B) 

 

A series of murine studies examined the effector cells responsible for the elimination of a large 

number (one spleen equivalent) of allogeneic splenocytes when injected intravenously into naïve 

recipients [16,17]. Allogeneic splenocytes were eliminated by day 3 in these studies. It was found that 

recipient CD8+ cells were responsible for elimination of the allogeneic donor cells. In the absence of 

recipient CD8+ cells, anti-donor alloantibodies were responsible for elimination of the allogeneic donor 

cells. Further studies found that the donor CD4+ cells were important for triggering the recipient CD8+ 

cells by acting as antigen presenting cells. Thus it would be predicted that recipient alloreactive CD8+ 
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cells would play an important role in the elimination of the donor cells in cellular immunotherapy and 

thus could contribute to anti-leukemic responses. 

The activation of the alloreactive recipient T lymphocytes could also mediate anti-leukemic 

responses using two possible TCR mediated mechanisms. The cross reactivity of TCR has been 

demonstrated by increased alloreactivity by memory anti-viral T cells and increased anti-viral 

responses when T cells were stimulated with allogeneic cells [18,19]. In a similar fashion, the TCR 

recognizing the allogeneic MHC molecules could cross-react with the MHC molecules expressed on 

the leukemic cells presenting peptides derived from the leukemic cells. Alternatively it has been 

observed that alloreactive T cells contain a disproportionate amount of T cells expressing dual  

TCR [20,21]. These TCRs have the same β chain but two different α chains. In this scenario, one TCR 

could serve as the TCR subject to selection permitting the other TCR to bind to unselected antigens. 

Thus one of the TCRs of dual TCR expressing T cells could react with allogeneic MHC molecules and 

the second TCR could bind to the leukemic cells allowing the alloreactive cell to bind to the leukemic cell. 

Elevated levels of a number of cytokines/chemokines have been found in the plasma as a result of 

the cytokine storm following infusion of haploidentical cells [12]. These cytokines could facilitate 

previously generated anti-leukemic memory T cells to be activated, possibly by overcoming inhibitory 

barriers, and to regain their ability to lyse leukemic cells. The presence of these cytokines could also 

nonspecifically induce the expression of cytolytic effector molecules such as granzymes and perforin 

in both CD8+ and CD4+ cells. These activated cytolytic lymphocytes could also mediate lysis using 

non-TCR mediated recognition of leukemic cells using receptors such as NKG2D and LFA-1 to bind 

to the leukemic cells [22–25].  

Another effector population that could be contributing to anti-leukemic response is alloreactive NK 

cells. Alloreactive NK cells are a subset of haploidentical or allogeneic donor NK cells which lack 

expression of inhibitory KIR molecules specific for the HLA molecules expressed by the recipient, 

thereby allowing these donor NK cells to recognize and lyse these recipient cells including leukemic 

cells without receiving inhibitory signals [26]. Based on this functional activity, infusion of 

alloreactive NK cells or expanded NK cells has been proposed as a treatment for cancer. Selecting for 

the appropriate KIR expressed by the donor NK cells could potentially improve the effectiveness of 

this therapy [27,28]. While the use of NK cells may contribute to anti-leukemia responses, NK cells 

have also been shown to be able to lyse activated T cells especially CD4+ cells, thereby downregulating 

immune responses [28–31]. Donor alloreactive NK cells could lyse donor alloreactive T cells as well 

as activated recipient T cells [32]. Thus the NK cells present in the donor cell infusion for cellular 

immunotherapy could be detrimental because their anti-T cell responses could eliminate activated 

recipient T cells that were potentially mediating anti-leukemic responses. Characterization of the 

anti-leukemic effectors in cellular immunotherapy would provide greater insight as to whether it would 

be more advantageous to deplete NK cells from the donor cells to be infused or to expand and enhance 

NK cells to achieve anti-leukemia activity as a separate infusion.  

Because donor and recipient share one HLA haplotype in a haploidentical setting, it is possible that 

restricted T cells of donor origin could be activated. A recent study by Cobbald, et al. showed that 

HLA B7 molecules expressed on AML cells contained a greatly increased number of phosphopeptides 

that for the most part were unique to AML [33] These authors went on to show that normal donors 

expressing HLA B7 had memory T cells able to respond to HLA B7 presenting these leukemic specific 
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phosphopeptides thereby inducing cells able to lyse leukemic cells. These effector cells were not 

present in the leukemic patient, suggesting that they had been eliminated or inhibited. Thus CD3+ cells 

obtained from a normal donor would be expected to contain memory T cells able to respond to the 

phosphopeptides presented by APC and the leukemic cells. Thus exposure to activated donor T cells 

for even a limited time following infusion could potentially generate anti-leukemic responses. 

The encounter with allogeneic lymphoid cells can also result in an allogeneic effect. Usually donor 

CD4+ cells are able to directly activate alloreactive recipient B and CD8+ cells because allorecognition 

brings the allogeneic donor CD4+ cells into close proximity with these cells [11,34]. The result is rapid 

activation of both donor and recipient cells resulting in expression of costimulatory ligands and 

production of cytokines, which facilitates the rapid production of alloantibodies by recipient B cells 

and activation of the recipient CD8+ cells. The alloantibodies binding to the donor cells could trigger 

antibody dependent cellular cytotoxicity (ADCC) and contribute to the elimination of the donor cells. 

The activation of the recipient CD8+ cells could trigger anti-leukemic responses. 

Leukemic cells often use a variety of mechanisms to deflect or inhibit the immune responses. 

Leukemic cells have been shown to be capable of expressing or secreting inhibitory factors/ligands. 

Often T cells in leukemic patients express increased expression of the inhibitory receptors PD-1, 

CTLA-4, LAG-3, and Tim3 [35]. Likewise, leukemic cells often express the ligands for the inhibitory 

receptors. For example, the encounter with activated T cells has been shown to induce the increased 

expression of the PD-L1 molecule on leukemic cells [36]. The activation of T cells by cellular 

immunotherapy could result in the upregulation of the inhibitory receptor, PD-1(CD279), on T cells as 

well as upregulation of PD-L1(CD274) on the leukemic cells. Thus activation of T cells in these 

patients could subsequently result in inhibition of T cell responses instead of increased T cell 

responses. In the patients in which there is upregulation of both PD-1 and PD-L1, anti-PD-1 could be 

administered to the patients to block inhibitory signals induced by this interaction, thereby enhancing 

anti-leukemic responses. The ability to identify the leukemic cells that will upregulate PD-L1 in 

responses to activated T cells prior to the infusion of donor cells would facilitate identification of 

which patients would benefit from use of anti-PD-1 administered at the same time as the infusion of 

donor cells.  

Leukemic cells have also been shown to secrete inhibitory factors such indoleamine-2,3-

deoxygenase (IDO) which depletes tryptophan from the milieu thereby inhibiting T cell responses [37,38]. 

It has also been observed that leukemic cells can express increased levels of inhibitors of granzyme B 

(SPI6 in mice and PI-9 in humans) inhibiting the ability of cytolytic cells to lyse the leukemic 

cells [39]. Leukemic cells have also been found to downregulate expression of MHC antigens, 

inducing increased presence of inhibitory cells such as T regulatory cells and myeloid suppressor cells 

and even causing depletion of leukemia reactive T cells [40–46].  

The results of the initial trial carried out in refractory cancer patients indicated that only a fraction 

of the patients with refractory hematological malignancies responded to cellular immunotherapy and 

those that did respond, responded with varying degrees. Is it possible to enhance both the effectiveness 

and the number of patients that respond? A number of approaches could potentially be taken to 

improve the responses. Infusion of chimeric antigen receptor modified (CAR) T cells has also been 

found to induce a cytokine storm and response was associated with the presence of the cytokine  

storm [47,48]. In this study administration of anti-IL-6 was found to break the fever effectively. Thus 
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the use of anti-IL-6 in cellular immunotherapy protocol may allow for fever cessation without the 

broadly suppressive effect of corticosteroids. In addition there are a number of immunomodulatory 

antibodies in varying phases of clinical development. They include antibodies that block the function 

of inhibitory receptors such as CD279 (PD-1) and CTLA-4 (CD152), namely the commercially 

available nivolumab and ipilumumab, respectively [35,49]. Alternatively, agonistic antibodies to 

CD137 and CD134 trigger increased responses by the activated T cells and NK cells expressing these 

activating receptors [50–52]. The use of these antibodies at appropriate time-points could potentially 

give a boost to the anti-leukemic responses. 

Another possible approach for improved anti-leukemic responses is to enhance the generation of 

CD4+ cytolytic effector cells. Because CD4+ CTL are directed toward peptides presented by MHC 

class II antigens (DR, DP, DQ) they could be especially effective toward MHC class II expressing 

leukemias. CD4+ cells as cytolytic effector cells targeted toward HLA-DP antigens have been shown to 

generate a strong anti-myeloid leukemia response [53,54]. Because of a recombinational hotspot 

between DR, DQ and DP, it was observed that unrelated donors and recipients to be frequently 

mismatched at DP even though they shared HLA A, B, C, DR and DQ alleles. Usually only a limited 

number of CD4+ cells exhibiting cytolytic effector function are detected in immune responses. When 

CD4+ cells are differentiating in the thymus, they upregulate expression of a transcription factor called 

ThPOK. When present, this transcription factor inhibits expression of the cytolytic effector molecules 

preventing the CD4+ cells from expressing the cytolytic effector pathway and directing these cells 

down non-cytolytic pathways [55,56]. Antigen stimulated CD4+ lymphocytes downregulate the 

expression of thPOK permitting the development of CD4+ CTL [57]. In a mouse model it was 

demonstrated that CD4+ CTL development was dependent on STAT2-dependent type I interferon 

signaling and IL-2 driven upregulation of T-bet and Blimp-1 [58]. A better understanding of how to 

regulate expression of these transcription factors could lead to the development of approaches that 

increase the levels of CD4+ CTL. 

4. Conclusions  

To extend the findings of the previous trial [12], the cellular immunotherapy trial has been 

reopened. Initially refractory leukemic patients will be infused with 1–2 × 108 CD3+ cells/kg obtained 

by pheresis from a haploidentical donor. The cellular immunotherapy protocol has been modified by 

collecting the white blood cells from the donor without prior G-CSF treatment and without the 

recipient receiving 100 cGy of total body irradiation prior to the infusion [59]. In addition to 

examining the clinical responses, laboratory studies geared toward identifying the effector cells 

responsible for the anti-leukemic responses will be initiated. These studies include obtaining blood 

samples from the recipient at sequential timepoints after infusion. After removing an aliquot of the 

blood for obtaining DNA, the remaining blood will be spun to obtain plasma. Then PBMNC will be 

isolated using Ficoll-Hypaque discontinuous centrifugation. Both plasma and PBMNC will be frozen 

for future analysis. The PBMNC obtained from these samples will be used for phenotypic 

characterization of donor and recipient cells to measure survival of donor leukocytes, expression of 

cytolytic effector molecules, inhibitory and activating receptors, and phenotypic changes in the 

leukemic cells. The plasma obtained from these samples will be used to measure the levels of a variety 
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of cytokines and chemokines as well as levels of cytolytic effector molecules. The DNA will be used 

to perform additional typing for HLA DP and KIR loci. The results obtained to date have indicated that 

elimination of haploidentical donor cells prevents GVHD development while inducing anti-leukemic 

responses. The results of these studies will help define the anti-leukemic effector mechanisms. As the 

results of these studies become available, modifications will be made to the protocol to potentially 

improve anti-leukemic responses. These protocol changes will have to be tested to make sure that they 

do not interfere with the ability of recipient immune cells to eliminate the donor cells while still 

stimulating the anti-leukemic responses. This approach is unique in that permits the development of 

anti-leukemic responses without the development of GVHD. 
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