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important.Our diet affects ourmetabolism.

So too do the myriad metabolic processes

of our own cells and those of themillions of

bacteria that live in our mouth, stomach,

and gut.6 In the future, it will be important

to map the metabolite interactions be-

tween food intake and the gut microbiome

composition, and thereby enable predic-

tionof how thegutmicrobiomecan engage

in converting bioactive metabolites in our

food to compounds that cause increased

risk of disease development. This is a

complex endeavor. However, through

combined blood metabolome and gut mi-

crobiome analyses of very large cohorts

and standardizing data collection, we

will gain greater mechanistic insight into

how the gut microbiome impacts human

health.
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CAR T therapy has revolutionized the treatment of hematologic cancers. In their recent Nature Medicine pa-
per, Mackensen et al. report the use of CAR T cells to treat systemic lupus erythematosus in five patients. This
provides enthusiasm to further explore CAR T therapy beyond oncology.
Engineering chimeric antigen receptors

(CARs) into T cells has been transforma-

tive for the field of oncology. This

approach allows these synthetic immune

cells to recognize and eliminate cancer

in a powerful and precise manner. CAR

T therapy has shown remarkable and last-

ing therapeutic effects in leukemia, lym-

phoma, and multiple myeloma.1 This has

resulted in multiple regulatory approvals

over the last 5 years. These exciting re-

sults have incited substantial effort

to expand CAR T therapy throughout can-

cer treatment and beyond. Recently,

Mackensen et al. reported using CAR T

therapy to treat five young adults diag-
nosedwith systemic lupus erythematosus

(SLE).2

SLE is an autoimmune disease where

the body recognizes self-antigens as

foreign, resulting in the activation of autor-

eactive B and T cells. This self-targeting

can result in fatigue, inflammation, and in

severe cases, death. Several clinical stra-

tegies target B cells with therapeutic ef-

fects; however, these approaches are

limited as severe forms of SLE are resis-

tant to treatment and no long-term strat-

egy to achieve drug-free remission has

been realized. CAR T cells targeting

CD19 have shown ability to eliminate

pathologic B cells in cancer, leading to
durable remissions and even cures

(Figure 1). We, and others, have

proposed CAR T therapy may have

applications in treating autoimmune

diseases such as SLE.3,4 Building on an

exciting case report from last year where

CD19 CAR T products were repurposed

to deplete B cells in a patient with SLE,5

Mackensen et al. expand on this and

report this approach in five patients

(Figure 1). In all five patients, these CAR

T cells engrafted, expanded, and elimi-

nated B cells. This was accompanied by

a resolution of SLE symptoms in the three

months following CAR T infusion. Impres-

sively, these patients have been declared
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Figure 1. CAR T cells approved to target B cells in cancer can be used to treat SLE
CAR T cells that have been used to treat B cell leukemias and lymphomas are able to eliminate pathologic B cells in five patients with systemic lupus erythe-
matosus. The short-term results demonstrate drug-free remissions with manageable CRS and temporary B cell aplasia.

ll
Previews
to be in remission with a discontinuation

of their immunosuppressive drugs.

A major safety concern associated

with CAR T therapy is an inflammatory

response intrinsically linked to high

amounts of cell killing. In cancer, where

pounds of cells are eliminated, patients

can experience severe cases of cytokine

release syndrome (CRS) that may include

high fevers, respiratory dysfunction, or

even major organ failure. Mackensen

et al. observed a small rise in cytokines

upon CAR T infusion in these five SLE pa-

tients; however, this was accompanied

by mild CRS, which was routinely

managed. This low amount of CRS is likely

because the number of B cells targeted in

SLE is significantly lower than in cancer,

where large numbers of malignant target

cells can be encountered. This smaller

target burden not only has advantages as

it pertains to CRS but may also decrease

the number of CAR T cells needing to be

infused, thus limiting potential unwanted

CAR T cell toxicity. These preliminary re-

sults in SLE suggest that other noncan-

cerous diseases may have a superior

safety profile due to the smaller proportion

of targeted cells.

In leukemia, the early reappearance of

normal B cells is correlated with patient

relapse. Interestingly, Mackensen et al.
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report reemergence of B cells in all pa-

tients after a few months; however,

there was no relapse of SLE symptoms

at the time of the report. For 60% of

the patients, less than a year has

passed since CAR T treatment and it is

too early to tell whether these patients

will remain in remission. It is promising

that B cell aplasia was rescued without

the return of disease symptoms in the

short term. The fact that B cells return

strongly suggests that functional CAR

T cells do not persist in these patients.

The authors suggest the resolution of

symptoms accompanied with only acute

B cell aplasia could be a result of a

‘‘deep reset’’ and present immune phe-

notyping data to show that the new B

cell receptor repertoire is significantly

altered compared to the repertoire

prior to CAR T infusion. This is in

contrast to what we have seen in leuke-

mia with CAR T cells circulating a

decade following infusion, and this

generally is accompanied by long-term

B cell aplasia.6 It is tempting to specu-

late that the differential persistence of

CAR T cells in leukemia and lupus (if

confirmed in larger cohorts) likely relates

to distinct cellular niches for memory

CAR T cells.7 Where these memory

CAR T cells reside plays a significant
role in their persistence. It is possible

that the reason for the lack of persis-

tence in lupus is due to CAR T cells sit-

uated in secondary lymphoid organs,

whereas in leukemia memory CAR

T cells reside in the bone marrow.

Further work should be done to quantify

if CAR T cells are still present and func-

tional in the five SLE patients. Addition-

ally, kinetic studies should be conduct-

ed to elucidate the therapeutic window

for such a strategy.

Another issue arising is the requirement

for lymphodepletion and the therapeutic

role that it may have had. The patients

were treated with fludarabine and cyclo-

phosphamideprior toCART infusion,using

the same regimen as for cancer patients.

Lymphodepletion has been shown to in-

crease CAR T engraftment and prolifera-

tion, and it may have potentiated the

effects of CAR T in SLE patients. However,

this raises a question that the lymphode-

pletion per se may have mediated

beneficial effects on SLE. Notably, previ-

ous studies have shown that high dose

chemotherapyandautologoushematopoi-

etic stem cell transplantation can be

beneficial in SLE.8 Further studies are

necessary to determine whether lympho-

depletion is required for CAR T therapy

of SLE.
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Though exciting, these results are

limited to a handful of patients and long

term follow up will reveal the full spectrum

of potential safety concerns. It must be

stressed that these results are still prelim-

inary, and longer studies with greater

number of patients are needed to validate

them. Until then, we should use caution

applying CAR Ts to other diseases. None-

theless, this clinical report is encouraging:

it suggests that CAR T therapy could

have clinical potential in a wide range of

disease contexts. Recent preclinical

studies demonstrate that CAR T therapy

may prove effective in other autoimmune

settings and in infectious diseases.9,10

CAR Ts have also shown potential more

broadly in the contexts of heart failure,

liver disease, and diabetes.11 The suc-

cess of CAR T therapy in blood cancer

highlights the potential of this modality in

other contexts. In cancer, clearance of

nearly all neoplastic cells is necessary,

whereas in most other disease contexts

clearance of a subset of pathologic

cells is therapeutic. Similarly, the tumor

microenvironment in cancer has proved

a significant hurdle for CAR T therapy,

whereas in most other diseases target

cells are not localized in such an inac-

cessible and inhospitable environment.

The results from this report signals the

possibility of a new paradigm for this

living drug and, ultimately, new hope for

patients.
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