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Immune checkpoint blockade (ICB), particularly therapies targeting the PD-
1/PD-L1  axis,  has  revolutionized  cancer  treatment.  However,  its  efficacy
remains limited in colorectal cancer (CRC), especially in microsatellite-stable
(MSS)  patients  who  often  show  poor  response.  Overcoming  this  primary
resistance  is  a  major  therapeutic  challenge,  driving  intense  research  into
converting  immunologically “cold” tumors  into “hot” ones  that  are  more
susceptible to T-cell attack. In that setting, the emerging field of oncobiomics-
that studies the microbes associated with tumors-has proven a fertile ground
for new discoveries.1 A recent ground-breaking paper by Xie et al.  in Cancer
Cell represents a giant step forward in this area. The study delineates that the
probiotic bacterium Clostridium butyricum (C. butyricum) synergizes with anti-
PD-1 therapy to overcome immunosuppression through a novel mechanism:
direct physical interaction between the bacteria and tumor cells.2 (Figure 1)

The research systematically moved from human epidemiology to molecu-
lar  mechanism.  Based  on  the  analysis  of  fecal  samples  from  CRC  patients
and healthy individuals,  as well  as other research findings, the analysis indi-
cated that the abundance of C. butyricum (a type of probiotic resident in the
human gut) in CRC patients was reduced. The core of their work lies in func-
tionally characterizing a human-derived strain,  Hkyucb11, and a commercial
reference strain (C.b19398). The authors demonstrate convincingly across an
array  of  in  vivo  models,  including  syngeneic  orthotopic  grafts,  ApcMin/+mice,
and  chemical  (AOM/DSS)  induced  CRC.  Through  these  models,  they  show
that oral administration of C. butyricum not only suppresses tumor growth on
its own but also significantly enhances the effect of anti-PD-1 therapy. This
effect is notably consistent in both MSI-H and, importantly, MSS models, the
latter being the most prevalent and therapy-resistant form of CRC.

The  strength  of  this  research  is  its  intelligent,  hierarchic  experimental
design, which carefully unravels the mechanism of action. In single-cell RNA
sequencing  and  flow  cytometry  they  deconstruct  the  reshaping  of  the
immune  microenvironment: C.  butyricum increases  cytotoxic  CD8+  T  cells
(CTLs) infiltration and cytotoxic role (IFNγ, TNFα, Granzyme B) and decreases
tumor-associated  macrophages  (TAM),  particularly  M2  phenotype.  Specific
CTL killing proved their necessity for the probiotic antitumor activity.

Arguably, the most groundbreaking discovery is direct bacterial-tumor cell
communication. The authors go a step beyond the commonly held vision of
probiotics  working  indirectly  through  secreted  factors  or  alterations  in  gut
microbiome. Xie et al. find that C. butyricum physically attaches CRC tumors
through a highly specific protein pair: the bacterial surface protein secD binds
to  the  host  receptor  GRP78  (glucose-regulated protein  78),  which  is  selec-
tively  overexpressed  on  the  surface  of  cancer  cells.  This  interaction  is  not
merely for adhesion, it is functionally critical. Using germ-free mice, antibiotic-
treated models, and engineered E. coli expressing SecD, the authors demon-
strate  that  the  SecD–GRP78  axis  is  both  necessary  and  sufficient  for  the
observed antitumor and immunostimulatory effects. Mutational knock-out of
GRP78  in  tumor  cells  eliminates  the  benefit  of C.  butyricum altogether.
GRP78,  a  stress  protein,  is  often  upregulated  on  cancer  cell  surfaces.  This
raises the tantalizing possibility that GRP78 may serve as a general “docking
site” for  other  commensal  bacteria,  and  that  similar  direct  communication
pathways might exist in other tumor types.

The  downstream  signaling  is  nicely  traced.  Unlike  conventional  cytotoxic
approaches that directly kill cells, the secD-GRP78 binding acts by modulat-
ing  the  hyperactive  PI3K-AKT-NF-κB  pathway  in  CRC  cells.  That  leads  to
reduction  in  the  secretion  of  the  interleukin  (IL)-6, a  powerful  immunosup-
pressive cytokine hampering CTL function, and strongly associated with poor

ICB  outcomes.  The  authors  then  close  the  loop  exquisitely:  showing  that
recombinant IL-6 abolishes, and IL-6 neutralizing antibodies enhance, the C.
butyricum-driven CTL activation. This effect,  as reported by Xie et al.,  corre-
lates with the reactivation of the LCK-ZAP-70 signaling axis in T cells, which
is  the  critical  first  step  of  T-cell  receptor  activation.  While  previous  studies
have established that the anti-colorectal cancer mechanisms of C. butyricum
are associated with the induction of apoptosis, cell cycle arrest, and the inhi-
bition of pro-tumorigenic inflammation.3

Previous  studies  have  revealed  that  microbes  can  modulate  the  tumor
immune microenvironment through multiple mechanisms. By engaging Toll-
like receptors via surface molecules such as LPS and flagellin, they promote
the infiltration of innate immune cells into tumors. They also enhance tumor
antigen presentation  and  activate  the  STING  pathway.  Furthermore,  micro-
bial  metabolites,  including  short-chain  fatty  acids,  can  contribute  to  the
remodeling  of  the  immune  microenvironment.4 While  Xie  et  al.  uncover  a
fundamentally  different  paradigm:  targeted,  signal-direct  modulation.  This
work offers a molecular  connection from a bacterial  colonizer  to the central
trigger of the adaptive immune response. Unlike indirect immune modulation,
SecD-GRP78  acts  directly  on  oncogenic  PI3K-AKT  signaling  within  tumor
cells.

This work also has high clinical translatability, a feature not always seen in
basic  microbiome research.  The  authors  confirm their  results  in  a  huCD34+

humanized  mouse  model,  which  is  the  "gold  standard"  model  to  assess
human  specific  immune  response,  and  where C.  butyricum is  able  to  drive
the infiltration and activation of human CTLs and to enhance anti-PD-1 effi-
cacy.  The  validation  in  the  autologous  patient-derived  organoid  and  tumor-
infiltrating lymphocyte (TIL) co-culture system is perhaps even more impres-
sive,  as  it  captures  the  closest  replica  of  the  human  tumor  microenviron-
ment,5 where C.  butyricum enhanced  the  tumor-killing  by  patients'  own  T
cells, particularly when employed in conjunction with anti-PD-1.

In the future, the study by Xie et al. raises several appealing scenarios. One
is  to  view  GRP78  not  just  a  stress  indicator,  but  a  microbial  "anchor"  for
precisely  probiotic  treatment.  Another  is  to  re-engineer  or  administer  the
secD protein itself (as a biologic drug) to mimic the probiotic treatment with-
out  using  a  living  bacteria.  And  of  course,  these  findings  pave  the  way  for
clinical trials combining oral C. butyricum supplementation with anti-PD-1 in
CRC  patients,  particularly  those  with  MSS  disease  who  have  few  other
options. Furthermore, exploring whether the SecD–GRP78 axis is specific to
colorectal  cancer or extends to other GRP78-high tumors (e.g.,  hepatocellu-
lar  carcinoma,  glioblastoma)  could  significantly  broaden  the  translational
potential of this strategy.

As for the study, the research also has several shortcomings.
First, the efficacy and safety of this therapy in human patients remain to be

validated  in  clinical  trials.  Although  this  study  has  demonstrated  that  the
bacterial protein SecD alone can inhibit tumors and promote an immunother-
apeutic  response,  eliminating  the  need  for  live  bacteria  and  avoiding  their
associated  side  effects.  But  further  investigation  is  still  required  to  assess
potential  risks  such  as  excessive  immune  activation  that  may  lead  to
cytokine  storm.  In  addition,  drug  delivery  methods  and  manufacturing
constraints will need to be systematically addressed.

Second,  the gut microbiota is a complex consortium, and the interactions
between  Clostridium  and  other  commensal  bacteria  may  be  crucial  for
sustained effects. Engineered bacteria may compete with the natural micro-
bial  community in tumors for  nutrients and space.  Metabolites produced by
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different microbes can also interact, affecting treatment outcomes. Moreover,
introducing external microbes risks disrupting the stability of the body's own
microbiota.

Third,  this  work  demonstrated that  C.  butyricum exhibits  a  higher  binding
affinity for CRC cells than for normal or immune cells, and confirmed its colo-
nization  within  orthotopic  tumors.  However,  two  key  questions  remain  for
further exploration: the durability of this colonization in a clinical setting, and
the  underlying  mechanism  of  how  orally  administered  probiotics  achieve
tumor-specific homing  and  colonization,  such  as  via  tumor  vascular  leaki-
ness or immune cell-mediated transport.

Last  but  not  least,  GRP78  plays  a  role  in  adapting  to  chronic  stress  and
exerts an anti-apoptotic function in cells,  thus targeting GRP78 poses a risk
of off-target effects on stressed but non-malignant tissues, which could lead
to  adverse  effects.  However,  this  work  has  pointed  out  that  GRP78  was
specifically  localized  to  the  membrane  of  CRC  cells  and  absent  in  normal
NCM460 cells,  indicating  that  secD  potentially  targets  cancer  cells  specifi-
cally.

In conclusion, Xie et al. have presented a textbook example of translational
cancer  research  by  using  advanced  models  and  mechanistic  dissection  to
rise  above  correlation  to  clearly  delineate  causality.  Their  work  not  only

promises such  an  adjuvant  strategy  to  over-
come  ICB-resistance  in  CRC,  but  also  offers  a
vision for precision medicine that utilizes engi-
neered  probiotics  or  their  biomolecules.  The
path forward is  clear:  cautiously  validate these
results in humans and ask if this microbial key
could  break  doors  to  treatment  in  even  more
diseases.
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Figure 1.  From bed to bench to bed: mechanism of
Clostridium  butyricum  in  suppressing  colorectal
cancer  via  direct  binding  and  immune  activation
C.butyricum  is  significantly  reduced  in  CRC
patients  compared  to  healthy  individuals.  And  a
clinical  study  in  patients  with  advanced  renal  cell
carcinoma showed that combining CBM588 (which
contains C. butyricum) with immunotherapy signif-
icantly  improved  progression-free  survival  rates.
The bacterial  surface  protein  SecD  binds  specifi-
cally  to  GRP78  overexpressed  on  CRC  cells.  This
binding  inhibits  the  PI3K-AKT-NF-κB  oncogenic
signaling pathway,  resulting  in  decreased  secre-
tion  of  IL-6,  an  immunosuppressive  cytokine.
Reduced IL-6 levels alleviate suppression of  cyto-
toxic T lymphocytes (CTLs), leading to reactivation
of  the  LCK-ZAP-70  signaling  axis  and  enhanced
production  of  effector  cytokines  IFNγ  and  TNFα.
Meanwhile,  previous  studies  have  shown  that C.
butyricum fights colorectal cancer through apopto-
sis,  cell  cycle  arrest,  and  the  suppression  of  pro-
tumorigenic  inflammation.  From  a  translational
perspective, the findings of this study suggest that
GRP78 represents a novel therapeutic target. Addi-
tionally,  the  bacterial  surface  protein  SecD  and
SecD-expressing engineered bacteria also demon-
strate  therapeutic  potential.  Furthermore,  butyrate
produced  by C.  butyricum has  been  shown  to
suppress colorectal  tumor.  All  these  diverse  clini-
cal  translation  strategies  hold  the  potential  to
convert cold tumors into hot ones.
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